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EXECUTIVE SUMMARY

The public interest in the Dairy is extremely high, as it well should be. Both the law and
the public interest require a full and complete DEIS. That the DEIS is adequate is far from the
case. In the minds of the developers of the Dairy, the decision to proceed with the Dairy has
already been made. The DEIS is therefore presented in such a way that there is no option but to
accept it. The proposed location is the only site considered. Construction started well before the

This Dairy project is large, and in Hawaiދi, without precedent. As of January 2015, there
were a total of 2,200 milk cows in multiple locations throughout the entire state. Ex. 28. And in
2012, there were no milk cows at all on Kaua‘i. Ex. 27. With HDF’s planned operation of up to
2,000 cows, the state-wide number will nearly double, with impacts concentrated in MƗhaދulepǌ,
an unspoiled area with such natural and cultural resources as to have been considered as a
National Park location. See U.S. National Park Service Reconnaissance Survey, attached to
Ex. 8.

I.

This letter, along with the appendices and exhibits attached hereto, sets forth the
comments of Kawailoa Development LLP (“Kawailoa Development” or “Kawailoa”) on the
Draft Environmental Impact Statement (“DEIS”), published in the Environmental Notice on June
8, 2016, for the dairy farm (“Dairy”) proposed by Hawaiދi Dairy Farms (“HDF”) in MƗhƗދulepǌ,
Kauaދi.

Dear Dr. Pressler and Ms. McIntyre:

Re:

Virginia Pressler, M.D., Director
Laura McIntyre
Hawai‘i State Department of Health
1250 Punchbowl Street
Honolulu, Hawai‘i 96813
Doh.epo@doh.hawaii.gov

HAND DELIVERY AND EMAIL

info@goodsill.com x www.goodsill.com

TELEPHONE (808) 547-5600 x FAX (808) 547-5880

MAIL ADDRESS: P.O. BOX 3196
HONOLULU, HAWAII 96801

FIRST HAWAIIAN CENTER, SUITE 1600 x 999 BISHOP STREET
HONOLULU, HAWAII 96813
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The DEIS is inadequate. The DEIS falls far short of informing the public of HDF’s
plans, of the environmental consequences of the Dairy or of any certain and enforceable
mitigation measures. The DEIS does not allow careful public review and comment, let alone
informed decision making by regulators. As detailed in the technical and legal sections that
follow, a supplemental draft EIS must be prepared to address these deficiencies and comply with
the law.

It should go without saying that if visitor spending declines, there will be significant
losses in jobs and tax revenues. For just the Grand Hyatt Kauai, the losses of revenue in the first
year alone could impact tax revenues by as much as $4.9 million. Moreover, the employment
impact could be as much as 337 jobs directly tied to the Grand Hyatt Kauai, and 599 jobs tied to
the local and state economy. The impact to the surrounding community will of course be even
greater. In stark contrast, the DEIS represents that the Dairy will add just five farm jobs.

“Bad smell” events and biting flies occurrences do not have to be constant to deter
visitors. Traveler perceptions of both natural as well as man-made disasters can endure well
beyond the particular event. If visitors do not come to Poދipǌ, the businesses in the tourist
destinations in Poދipǌ and elsewhere in Kauaދi will suffer.

Of particular concern is the odor and flies that will be emitted by the Dairy. Odor
emissions will include and extend past Poދipǌ. The flies will include biting stable and horn flies.
Flies can travel long distances, with a reach beyond the Poދipǌ area.

With such intense usage of the limited space in MƗhƗދulepǌ Valley, adverse
environmental consequences can be expected. There will be runoff and water quality impacts to
groundwater and surface water, including to the Waiopili Stream and the ocean. Nutrients
(nitrogen and phosphorus) will leave the site by surface and groundwater flow.

The accounting for the numbers of animals, animal productivity, estimates of feed intake,
estimates of nutrient composition of feed intake, and pasture management are not fully presented
or are ignored. The DEIS glosses over the fact that the Dairy will be heavily dependent upon
imported feed. The image of a pastoral farm that HDF would want the public to believe is not
the reality. The Dairy will be more akin to an industrialized factory.

At the end of the day, the Dairy will not only be an ecological disaster, but will have
widespread economic impacts to the Poދipǌ and Kǀloa areas, if not all of Kauaދi. Whether
harmful algae blooms, the introduction and increasing populations of exotic species, or threats to
threatened and/or endangered endemic species, none of the harmful effects to the ecosystem of
MƗhƗދulepǌ Valley are addressed in the DEIS.

DEIS started, and significant expenditures have already been made to prepare the site for the
Dairy.

Dr. Virginia Pressler
Laura McIntyre
July 25, 2016
Page 2
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Economic Impact (Appendix A)

Recognition of the agricultural tax credit for HDF implies a negative state tax revenue
position if it operates. Adding to this burden on state tax revenues, the visitor expenditures

In the first year alone, losses of revenue at the Grand Hyatt Kauai alone could exceed
$53.0 million, and the total economic impact (direct and indirect) could reach $97.5 million. The
ensuing impact on taxes could be $4.9 million. The employment impact could be as many as
337 jobs directly tied to the Grand Hyatt Kauai, and 599 jobs in total to the local and state
economy. Even assuming economic benefit from the Dairy (per the DEIS, just five farm jobs
added to the economy), HDF completely ignores the negative economic byproduct to the
surrounding community.

The Grant Hyatt Kauai Resort and Spa is the closest hotel to the proposed Dairy. This
resort provides 602 visitor units, and is the largest private employer on Kauaދi. In 2014, it
employed 941 workers.

The DEIS does not consider, at all, the significant losses in jobs and tax revenues
resulting from the Dairy. Odors and flies are not compatible with resort operations, and as a
result, the businesses in the tourist destinations in Poދipǌ and elsewhere in Kauaދi will suffer.

The DEIS largely ignores the potential economic impacts of the proposed Dairy on
tourism in Kauaދi generally and the impacts to the Grand Hyatt Kauai specifically. Tourism is
important to Kauaދi and Poދipǌ in particular, since the largest share of visitor units on Kauaދi is
located in the Poދipǌ/Kukuiދula area. The economy of Kauaދi is more dependent on tourism than
the other Hawaiian Islands. The potential negative impacts of the Dairy exceed the benefits
estimated in the DEIS by a wide margin.

Assessment of Economic Impacts of the Proposed Hawaiұi Dairy Farms Facility
BRG, July 2016

A.

Key findings of the reports prepared by the experts who have reviewed the DEIS are
summarized below. The full reports are included in the Technical Appendices A through H.

The technical and scientific reports attached to this letter demonstrate that the proposed
Dairy plans are not fully described, that the discussion of environmental impacts either are
incorrect or are not supported with sufficient detail, that the scientific methods used to assess the
impacts are inadequate and that the alternatives considered are limited (and where considered,
are not discussed in sufficient detail).

Technical Memorandum, Hawaii Dairy Farm Odor Impact Assessment
Exponent, July 2016

Odor Impact (Appendix B)

The DEIS misrepresents and fails to disclose the extent of the odor emissions plume. The
DEIS used odor detection thresholds that are too high – assuming that it was okay for some
people to smell odor some of the time. The odor detection threshold used in the DEIS is not
appropriate for a sensitive population such as hotel guests at a resort area, nor is it appropriate for

Odor from the Dairy will have a profound effect on the Grand Hyatt Kauai and the Poipu
Bay Golf Course. Odor emissions will include and extend past Poދipǌ.

B.

threatened by the HDF operations result in a potential further loss of tax revenue of up to $3.7
million annually.

TECHNICAL COMMENTS

II.
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Exponent’s modeling results, with their worst-case and lowest-case odor emissions,
estimate that during at least 450 hours each year, HDF odor impacts at the Kawailoa property
could exceed the 2 OU/m3 odor threshold. Values could possibly be as high as 150 OU/m3
during hours with worst-case emissions. These impacts could result in conditions that visitors at
the Kawailoa properties would likely find offensive. The odor emissions data provided in the
DEIS are substantially understated. Essentially, more odor from a number of sources in the
Dairy will be emitted than is represented in the DEIS. The report of odor impacts in the DEIS is
deficient and should be redone.

The lowest odor emissions from HDF would occur during hours when there is no fresh
application of slurry or irrigation with effluent. Exponent estimates that even during these low
emission periods, the maximum 15-minute averaged concentrations at the Kawailoa property
with a herd size of 699 cows would be as high as 30 OU/m3. These concentrations would still be
in excess of the 2 OU/m3 odor threshold.

Exponent’s air quality dispersion modeling conducted with more appropriate odor
emissions from the Dairy indicate much larger maximum odor concentrations on the Kawailoa
property. For a herd size of 699 cows, 15-minute averaged odor concentrations up to 150 OU/m3
were predicted on the Kawailoa property, using Exponent’s estimated worst-case odor emissions.

Exponent’s air quality dispersion modeling which used the same odor emissions as in the
DEIS indicated that objectionable odors would reach the Kawailoa property. For a herd size of
699 cows, odor 15-minute averaged concentrations up to 25 OU/m3 (odor units per cubic meter)
were predicted on the Kawailoa property.

By setting odor criteria that are not reasonable, the DEIS depicts an artificial and wholly
unrealistic odor plume. The odor plume shown in the DEIS does not extend as far as the odor
will actually spread because the odor threshold in the DEIS is much higher than the odor that
will be actually be perceived by the resident and visitor population. The DEIS ignores odors that
are below its stated threshold but that are nonetheless offensive.

Additionally, odor emissions for some sources in the DEIS were significantly
underestimated. For example, HDF failed to include the odor emissions from fields that had
received effluent irrigation or slurry in the hours before the one being modeled and grossly
underestimated the odor strengths from several sources.

workers or residents. Further, the DEIS disingenuously presents only odors perceived over a one
hour period. Odors are perceived over much shorter time periods than one hour.

Dr. Virginia Pressler
Laura McIntyre
July 25, 2016
Page 5

A LIMITED LIABILITY LAW PARTNERSHIP LLP

GOODSILL ANDERSON QUINN & STIFEL

A LIMITED LIABILITY LAW PARTNERSHIP LLP

The DEIS fails to address the dispersal capability or range of biting flies, the potential
impacts of nuisance flies and mosquitoes, and the qualitative and quantitative analyses for pest
species. Depending upon the wind, biting stable and horn flies will reach beyond the Poދipǌ
area. Biting flies can migrate long distances driven by wind. In Florida, large swarms of stable
flies are driven by wind up to 140 miles away. With a 5-8 kph wind, biting stable flies can
disperse up to 6.5 km. And with the prevailing wind, biting horn flies can disperse up to 11 km
in ten hours.

There are multiple species of pest flies, including biting flies, from dairies. The DEIS
fails to address the significant amounts of manure and the number of pest flies that will breed in
that manure.

A Review of the Arthropod-Related Sections of the
Hawaiұi Dairy Farms Draft Environmental Impact Statement
Pacific Analytics, L.L.C., July 2016

Manure-Related Insects (Appendix C)

Pest Flies.

C.

Dr. Virginia Pressler
Laura McIntyre
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Part of HDF’s plan is to use chemical controls, but the quantity and type of chemicals is
not identified, the thresholds for chemical application decision-making are not provided, and the
location of chemical applications is not identified. The DEIS neglects to address the
effectiveness of chemical controls on target species, and fails to provide any information about
chemical control of mosquitoes. Further, the DEIS fails to consider the impacts of chemical

Integrated Pest Management Plan. The DEIS relies upon an Integrated Pest
Management plan and a Best Management Practices plan in order to control pests, neither of
which is provided. HDF fails to provide details of how various control measures would be
integrated.

Up to 8 million actively feeding adult dung beetles could be required on any given day to
effectively suppress fly development. The DEIS neglects to provide sufficient information about
how they intend to capture the large numbers of dung beetles necessary to control pest flies and
process manure pats.

The DEIS does not consider the potential impacts predators may have on dung beetle
establishment. Although HDF intends to translocate dung beetles from other locations, the DEIS
fails to address the possibility of translocating other invasive species, or the accidental release of
other pest species collected with the dung beetles.

It is unlikely that HDF will achieve significant pest fly control with dung beetles. HDF
has failed to consider that excessive moisture, clay soils, and trampling by cows will negatively
impact dung beetle dung-burying capacity. Published literature establishes that dung beetles are
less efficient burying dung pats on clay soils than sandy soils. Further, the DEIS neglects to
mention studies showing that soils that are too wet will support fewer dung beetles than drier
soils, and that excess moisture results in higher mortality of dung beetle eggs and larvae. HDF’s
clay soils will likely be saturated or nearly saturated most of the year, due to rainfall patterns and
irrigation that spreads liquid manure from wash-down in the HDF milking parlors. Notably,
HDF’s own manure-related arthropod survey states that both dung beetles and the biting stable
fly were abundant during the survey.

Dung Beetles. The plan in the DEIS to use dung beetles to hasten the breakdown of
manure, and to minimize pest fly populations and odor, is unlikely to succeed. Although the
DEIS states that dung beetles can bury a dung pat in one to three days, there are no references or
evidence to support this claim. The DEIS ignores an extensive published field study
demonstrating that up to 80% of dung remains unburied after seven days.

Technical Memorandum, Expert Report on Pathogens, Hawaiұi Dairy Farms
Draft Environmental Impact Statement, May 2016
Exponent, July 2016

Pathogen Impacts (Appendix D)

Notwithstanding the warm and wet conditions that exist in the soils and manure at the
proposed Dairy site and the pathogen and fecal indicator bacteria growth likely to be harbored,
the DEIS fails to acknowledge the potential impact of microbial pathogens and fecal indicator
bacteria (“FIB”), and fails to adequately characterize the human health or ecological impacts of
microbial pathogens discharged from the Dairy.

D.

Native Insects. The DEIS identifies only 16 arthropod species in its manure-related
arthropod survey. A similar study of similar landscape less than 15 miles from HDF identified
238 insect species, about 10% of which were native Hawaiian species. The DEIS failed to
conduct a standard arthropod survey and assessment.

Presumed and known distribution of these arthropods is adjacent to HDF. The habitat for
these cave arthropods is not exclusively large caves as assumed by HDF. They also live in
interstitial spaces and cracks that form in lava as it cools. These small spaces are known as
microcavernous habitat. It is likely that the lava tube system below HDF is connected to the
cave habitat of these two endangered species.

Endangered Arthropods. The DEIS fails to present a complete arthropod survey and
assessment, does not provide complete information about potential impacts on Kauai’s
endangered cave arthropods, and fails to adequately assess potential impacts to Kauai’s
endangered cave arthropods: the Kauaދi Cave Wolf Spider and the Kauaދi Cave Amphipod.
These unusual animals are known only from caves, subterranean cracks, and microcaverns (voids
and inaccessible passages) in the Kǀloa District on Kauaދi. They are particularly vulnerable to
pesticides and contaminants because their exoskeletons are permeable to water. The DEIS fails
to disclose or discuss the impacts to Kauaދi cave arthropods from chemicals that will be used by
the Dairy, including pharmaceuticals typically used by dairies, including antibiotics,
anthelmintics and parasiticides, some of which have long half-lives.

The DEIS says that HDF will release insect parasites and predators to control fly
populations, but fails to identify the parasite and predator species which will be used, the
effectiveness of these parasites and predators, and the impacts on non-target species.
Additionally, HDF fails to describe how it will prevent the accidental release of invasive species.

control on beneficial species such as dung beetles and other non-target arthropods. As with other
aspects of the DEIS, comments cannot be provided upon mitigation plans that are not available
or may not even exist.

Mosquitoes. Mosquitoes are not dung-dwelling flies, but the proposed Dairy could
generate large populations of these pests in standing water, ponds, ditches and pasture divots.
The DEIS does not mention mosquitoes, and includes no analysis of the potential impacts of
mosquitoes on HDF neighbors or the ability of mosquitoes to spread disease to native Hawaiian
endangered birds.
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In the DEIS, HDF relied on two studies to characterize the baseline pathogen
concentrations in and around the proposed Dairy site, as indicated by the presence of FIB.
However, information provided in the DEIS was incomplete with regard to describing
pathogen/FIB baseline conditions and did not show an understanding of pathogen risks in the
environment. Despite dairy cows being a known source of fecal pathogens to stream and ground
waters, and the environment of the proposed Dairy location being specifically suited to pathogen
survival and transport, the DEIS failed to include an analysis of the potential impact of pathogens
and FIB produced by the proposed Dairy. HDF fails to propose any method for the HDF
operators or others to determine whether impacts are occurring, as no monitoring program is

HDF proposes the use of unlined burial pits for deceased cattle. This is part of HDF’s
Animal Mortality Management Plan included in its Waste Management Plan. Without a liner,
any water from precipitation flowing through the preferential flowpaths created by the digging of
pits can leach pathogens from the decaying cow carcass and transport them to downstream
receptors. This practice has been banned in many places, including the European Union. The
Hawaiދi Cooperative Extension Service also indicates that disposing of dead animals on property
without composting is considered “high risk” operation due to the fact that decomposing animals
can be a concentrated source of pollutants including nutrients and microorganisms. The animal
carcasses present an additional risk for pathogen transport. The location of the cemetery is in an
area where all buried cows will likely come in direct contact with the groundwater, which is
known to discharge to surface water downstream of this location. The practice of burying cows
where the water table is elevated above the depth of the hole is not recommended due to the risk
to groundwater.

Further, the taro farm which is nearly enclosed by the HDF property has fields with
standing water and represents another potential receptor for pathogens which was not considered
by HDF in the DEIS.

Unlike nutrients, which the DEIS asserts will remain constant with the proposed change
from a 699-head up to a 2,000-head farming operation (assuming the appropriate adjustments in
fertilizer applications), pathogens would be expected to scale proportionally with the change in
manure input. This is not addressed in the DEIS.

Technical Memorandum, Comments on Ecological Assessment in
Hawaiұi Dairy Farms Draft Environmental Impact Statement, May 2016
Exponent, July 2016

Ecological Impacts (Appendix E)

Four endemic waterbirds were found on the property: the Hawaiian Duck, the Hawaiian
sub-species of the Common Gallinule, the Black-necked Stilt, and the Hawaiian coot. While the
paddocks are proposed to be fenced, cattle can often breach fencing barriers. HDF has failed to
disclose what cleaning products and medicines will be used at the Dairy, and if endemic

The avian surveys assessing the bird populations and long term planned habitat changes
were insufficient to predict the potential impacts to threatened and endangered endemic birds and
to predict whether exotic bird populations would increase. The entire survey involved only 168
minutes of census time, and an avian census that only takes samples once fails to address
temporal and temporospatial variation in bird presence and distribution

The botanical survey assessing the proposed project area is insufficient to predict the
potential impacts to both exotic plants and threatened native plants. Sampling was only
conducted in the dry seasons, so wet season annual plants were likely missed or underrepresented.

The DEIS does not address harmful algae blooms, the introduction and increasing
populations of exotic species, and threats to threatened and endangered endemic species. In
addition, the DEIS does not propose management plans for addressing many of the concerns
previously expressed by the U.S. Fish and Wildlife Service (“USFWS”).

E.

The DEIS as written has failed to acknowledge the potential impact of microbial
pathogens and FIB and has failed to adequately characterize the human health or ecological
impacts of microbial pathogens discharged from the proposed Dairy.

The project site is subject to rain, and pathogens and fecal indicator bacteria would be
expected to survive or possibly grow between rainfall events to facilitate transport off the pasture
during the next rainfall event. The DEIS does not evaluate the potential for pathogens to be
transported to surface and ground water, as well as to the taro farm crops located adjacent to the
proposed Dairy.

Given that there is the potential for pathogen transport to surface and ground water as
well as taro farm crops, the HDF should have a monitoring program to determine the extent of
any impact from the HDF, and response measures should be described if an impact is observed.

proposed for pathogens. As the potential impacts and FIB were not specifically assessed in the
DEIS, no mitigation measures were proposed to address any impacts.

Dairy wastes, and more specifically cattle manure, contain a diverse range of
microorganisms at high concentrations, including human pathogens and FIB and are widely
recognized as a potential source of FIB and pathogens to local watersheds. Human pathogens in
cow manure can include E. coli O:157, Listeria, Salmonella, Campylobacter, Cryptosporidium,
and viruses. Pathogens are able to survive days to months within cow patties and in effluent
ponds which will allow time for transportation offsite. Pathogens related to livestock manure
have been implicated in multiple outbreaks of human illness. Due to conditions at the proposed
HDF site, pathogens in manure may impact surface and groundwater quality and poses risks to
human and ecological health.
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The DEIS did not address the endangered Hawaiian monk seal. Foraging and haul-out
areas used by the monk seals include Gillin’s Beach, and discharges from the Waiopili Stream
during HDF’s operation will likely increase exposure of the monk seals to pathogen pollution
from the outflow of the proposed Dairy. NOAA has stated that the risk of exposure to pathogens
introduced from livestock and feral animals could have on a “catastrophic” effect to the
immunologically naïve monk seal population. The DEIS does not discuss this risk.

HDF did not survey aquatic resources, and thus its assessment was insufficient to predict
the potential impacts to the freshwater and marine communities from HDF activities. No
evaluation was performed as to the potential impacts to corals from the direct connection of the
proposed project to the marine system. Increased nutrients (from manure or fertilizer) stimulate
phytoplankton and macroalgae growth that can affect corals. The DEIS fails to include a
monitoring plan to assess the health of the fringing reefs near the discharge point of the Waiopili
Stream.

The mammalian survey assessing mammal populations and long-term planned habitat
changes was insufficient to predict the potential impacts to the endangered Hoary bat and to
predict the effects of increased pest mammal species. Although USFWS was quite concerned
that the Hoary bats would be impacted by the use of barbed wire fencing and specifically
requested that it not be used in the proposed project, HDF does not analyze collision risk from
structures, electric fences or barbed wire fences. Barbed wire will still be used. DEIS at 1-9,
3-21.

The Dairy will provide ideal conditions for supporting additional numbers of invasive
species including Cattle Egrets, Barn Owls, and Common Myna. Barn Owls (which are different
from pueo) are the target of eradication efforts by USFWS and their predation on Hawaiian
seabirds is well-documented.

The DEIS states that endangered NƝnƝ “probably” nest on the site. Cattle are known to
lower nesting success of ground nesting birds such as the NƝnƝ, and HDF will need to implement
weekly surveys by certified biologists during NƝnƝ nesting season, as was highly recommended
by the USFWS. Additionally the USFWS highly recommended that electric fencing not be used
as part of the project due to impacts on NƝnƝ. The DEIS failed to consider this recommendation
and does not provide justification for disregarding a federal agency’s recommendation. The
Dairy will provide ideal conditions for supporting additional numbers of Cattle Egrets, rats and
feral cats, all of which have the potential to result in increased NƝnƝ predation. In addition,
infection of NƝnƝ by the protozoan parasite Toxoplasma gondii has been transmitted by domestic
cats and historically caused mortality in native Hawaiian birds.

Comments on Animal and Manure Management in
Hawaiұi Dairy Farms Draft Environmental Impact Statement
Deanne Meyer, Ph.D, July 2016

Impacts from Animals and Manure (Appendix F)

HDF has underestimated manure production, erroneously discounting manure production
from cows during hours of resting. HDF estimates manure production of 90.8 lbs/day/cow.
Dr. Meyer has calculated, however, that a lactating cow at HDF will produce 122 lbs/day of
manure.

The DEIS fails to disclose the total number of dairy animals (832 dry and milking cows,
and 205 calves) associated with the project phase of 699 milking cows, and fails to disclose the
total number of dairy animals associated with the project as a whole.

The information that is lacking in the DEIS is of the nature and detail that would typically
be required by regulators in other jurisdictions, such as California, to assess nutrients and water
cycling, animal and manure management and potential impact to existing water resources. It is
commonplace and should have been provided.

The DEIS does not provide sufficient detail to evaluate potential direct, indirect and
cumulative impacts from the proposed project with respect to numbers of animals, animal
productivity, estimates of feed intake, estimates of nutrient composition of feed intake, and
pasture management. Insufficient or incorrect information appears to have been provided with
respect to increases in nutrients and the potential for nutrient runoff or infiltration at the proposed
Dairy location as well as elsewhere where animals are reared offsite.

F.

The DEIS does not address controls necessary to stop further invasive species from
arriving to Kauaދi during transportation of equipment and feed, relocation of invertebrates such
as dung beetles, and attraction of exotic species due to habitat changes (e.g., settling or storage
ponds). Little fire ants are an invasive pest on the Big Island. When transporting equipment,
feed or invertebrates such as dung beetles from the Big Island, HDF fails to identify methods
used to control ant introductions. Thus, the analysis of the DEIS is insufficient in its assessment
of the impacts from the proposed action.

The DEIS does not address the potential for harmful algal blooms in water at the Dairy to
spread into the nearby marine system. Cyanobacterial harmful blooms are harmful ecologically
and the accurate detection of harmful cyanotoxins has become increasingly important in the
protection of human and ecological health.

Sea turtles haul-out on beaches, including areas near the Waiopili Stream. Thus, Dairy
operations will increase the risk of sea turtle exposure to pathogen pollution. The DEIS does not
discuss this risk.

waterbirds will be exposed to them through their direct use as part of the Dairy’s operations or
from the use of the effluent settling or storage ponds.
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Water and Water Quality Impacts, Hawaii Dairy Farms DEIS,
MƗhƗұulepǌ, Kauaұi
Exponent, July 2016

Hydrology and Water Quality (Appendix G)

Although the DEIS asserts that best management practices (“BMPs”) proposed to address
water quality impacts will minimize water quality impacts, BMPs are not described in detail, and
their effectiveness is not modeled or quantified. It is not clear that the wastewater management
practices proposed for the ponds at the facility are adequately designed or how they will be
operated, and it is likely that the effluent ponds onsite will exhibit poor water quality and
produce noxious odors. It is also not clear that the proposed onsite effluent handling measures,
which involve the distribution of both liquid and solid manure at the site via the site irrigation

Specifically, the DEIS evaluated runoff and water quality impacts to groundwater and
surface water, including to the Waiopili Stream and the Pacific Ocean, using overly broad,
general assumptions, and without considering important hydrologic processes and data. The
DEIS makes significant and unfounded assumptions regarding the quantity of nutrients (nitrogen
and phosphorus) that are expected to leave the site by surface and groundwater flows, and does
not adequately consider impacts due to pathogens from manure at the facility. The DEIS fails to
evaluate impacts related to erosion and the transport of sediment and other potential
contaminants to the nearshore ocean.

HDF’s discussion of runoff and water quality impacts to groundwater and surface water,
including to the Waiopili Stream and the ocean, does not consider important hydrologic
processes and data. The quantity of nutrients (nitrogen and phosphorus) that are expected to
leave the site by surface and groundwater flow is not considered. The impacts due to pathogens
from manure at the facility are ignored. Best Management Practices are not described in enough
detail to be meaningful, their effectiveness is not modeled or quantified, and there is no
assurance that they are enforceable.

G.

HDF has also failed to quantify solid waste impacts to landfill capacity, and failed to
consider reasonable alternatives.

HDF has underestimated the vehicle trips that will leave or enter the Dairy daily by
failing to account for transportation of cows for herd management, trucking of fluid milk,
delivery of feed and fertilizer, and additional service professionals such as veterinary services,
equipment dealer services, inspectors and other services needed to operate a dairy (refuse
removal, delivery of supplies, etc.)

Review Comments on: Draft Environmental Impact Statement for
Hawaiұi Dairy Farms, MƗhƗұulepǌ, Kauaұi, May 2016
CH2M, July 2016

Nutrient Mass Balance (Appendix H)

The scenario modeled for HDF was for 2,000 cows with wetter than average climatic
conditions, no commercial fertilizer application, and optimal irrigation water application to meet
all crop needs but not over-irrigate. Models of the soil, water, and nutrient movement through
the root zone of kikuyu grass predict high nitrogen loss, with a total discharge of nitrogen from

To have a basis for comparison to the DEIS, CH2M modeled the soil, water and nutrient
movement through the root zone of kikuyu grass with a detailed model that calculates crop yield,
water and nutrient uptake, and nutrient losses to the environment considering the variables of
climatic conditions and how these variables influence crop growth and nutrient removal.

The DEIS uses general estimates of the yield and nutrient uptake of kikuyu grass, among
other things, as uniform every day of the year on every soil type and slope, whether irrigated or
non-irrigated. Such simplifications result in incorrect estimates of nutrient losses to the
environment. The DEIS does not reflect correct nutrient balance, and underestimates the impacts
of the proposed Dairy.

H.

The proposed irrigation practices at the site will cause a significant increase in the
amount of water applied to the site. The poorly drained soils over much of the site are expected
to be saturated, or nearly saturated, much of the time, including in the area of the site where
manure solids are proposed to be applied as slurry via gun irrigation. As a result of the soil types
and irrigation practices proposed for the facility, the amount of water leaving the site as surface
water runoff will increase. There is a likelihood of significant water quality impacts due to
nitrogen, phosphorus, pathogens and sediment. Water quality would be lessened and would
result in degradation of the Waiopili Stream and the ocean, including damage to coral, marine
life and human health. The Dairy can be expected to cause exceedances of water quality
standards that would not have occurred without the project.

Although baseline water quality sampling is reported in the DEIS, water quality data for
existing conditions are not adequate to describe the full range of conditions; notably, the limited
sampling that was conducted did not include wet weather events. The DEIS does not describe
how baseline monitoring will be used, the monitoring and sampling regime proposed to evaluate
project impacts, whether sampling data gathered after the project is implemented will be shared
with agencies or the public, or the actions that will be taken if water quality impacts are
observed.

systems, are feasible or that they could be implemented without exacerbating water quality
impacts.

HDF has also underestimated its nutrient output by ignoring excretions from replacement
animals, dry cows and heifers. The nutrients excreted from dry cows and heifers are a significant
contribution to the overall nutrient load from the project.
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HDF has already built smart valve center pivot irrigation machines that cross drainage
ways and Waiopili Stream on narrow bridges multiple times in every rotation. The many valves
on individual sprinklers on these pivots are programmed to stop manure effluent irrigation as the
machine approaches the stream or drainage and reopen when the machine is on the other side.
These machines are the most complex center pivot irrigation equipment available and contain
hundreds of additional components when compared to standard center pivot machines, including
GPS guidance, an air control pilot tube to every valve and a programmable controller. It is
because of the increased complexity that these machines fail more often than standard center
pivots. The use of manure effluent increases the risk of corrosion, scale build-up and plugging
failures. There appears to be no precedent for use of these machines to apply manure while
crossing a stream and the time to failure is unknown.

HDF proposes to apply manure slurry with big gun irrigation sprinklers with a trajectory
radius of 65 ft. This method of slurry application is the poster child of manure odor complaints
as it creates a plume with a wide range of droplet sizes and mist that can drift in the wind and
volatilize odor agents over a large area. Big gun sprinkler irrigation has a higher instantaneous
application rate than almost all sprinkler, spray, or drip irrigation systems and is prone to
creating ponding and runoff from poorly drained and sloped soils. The risk of runoff from big
gun sprinklers for applying manure slurry is increased by the additional use of big gun sprinklers
for irrigation water application on the same fields as the DEIS states will be done with the 2,000
head dairy.

HDF claims to have one of the highest yields in the world for kikuyu grass pasture but
does not provide any scientific design for sampling or farm trial quality control. The Dairy does
not currently have cows, so yield estimates are for clipped samples which over-estimate actual
yields from cattle grazing. The nitrogen removal rates of 1,090 pounds per acre per year
presented in the DEIS are unprecedented and are not supported by scientific data or references
for pastures in Hawaiދi grazed by cattle on an 18 day rotation. The nitrogen removal rates are
presented as the same for non-irrigated areas and irrigated areas even though kikuyu grass in
Hawaiދi is documented to have half the yield when non-irrigated.

III.

The DEIS uses rainfall data from a local rain gauge which has hundreds of missing data
points in 30 years of record and over 50 missing data points in every year of record. This station
is not suitable for irrigation scheduling or manure management. HDF’s use of this poor quality
partial data set for the critical climatic input to Dairy management decisions has resulted in the
DEIS recommending over-irrigation, unrealistic yield estimates, and nutrient discharges that are
an order of magnitude too low.

HDF Has Failed to Satisfy the Requirement in HAR § 11-200-3(d) to Identify
the Triggers for Environmental Review

HDF’s Fails to Disclose that its Proposed Wastewater Treatment Unit
Triggers Chapter 343

1
Kawailoa has raised these and other legal issues in its correspondence to various agencies.
Kawailoa attaches and incorporates by reference these various statements (Exs. 1-3, 5, 8-11, 1323), and requests that the Final EIS respond to all issues raised in Kawailoa’s letters. These
statements and requests were ignored. See, e.g., Exs. 4, 12.

Chapter 343 is not satisfied by HDF asserting in the Environmental Notice that its EIS
trigger is “[t]o be determined” or by stating elsewhere that its EIS is “voluntary.” The EIS

1.

The notice in the Office of Environmental Quality Control (“OEQC”) Environmental
Notice for the DEIS is fatally flawed. Hawaiދi Administrative Rules (“HAR”) § 11-200-3(d)
requires that “[a]ll submittals to the office for publication in the bulletin shall be accompanied by
a completed informational form which provides whatever information the office needs to
properly notify the public.” The OEQC has prepared such a form which includes the
requirement to list the “HRS §343-5 Trigger(s),” in other words, as provided by rule, “a citation
of the applicable federal or state statutes requiring preparation of the document.” Id. HDF failed
to do so, and instead said: “To be determined.” Ex. 36. OEQC has already determined the
“trigger” is an essential element of the information to be provided to notify the public. HDF has
failed to provide this essential notice, as surely the public needs to know that there are two
triggers: a wastewater treatment plant and use of state funds. The failure to follow the
procedural requirements violates Chapter 343. A supplemental draft EIS with proper disclosures
is required.

A.

The purpose of Chapter 343 is “to establish a system of environmental review which will
ensure that environmental concerns are given appropriate consideration in decision making along
with economic and technical considerations.” Hawaiދi Revised Statutes (“HRS”) § 343-1. To be
sufficient, an EIS must satisfy both the procedural and the substantive requirements of Chapter
343. An essential procedural step is the public’s opportunity to provide meaningful comment on
the DEIS. The DEIS here is fatally flawed and does not satisfy this critical procedural step.1 For
the reasons set forth below, there must be full disclosure to the public, and a supplemental draft
EIS is required to satisfy Chapter 343.

HDF’S DEIS IS FLAWED PROCEDURALLY AND SUBSTANTIVELY

The soil conditions across the Dairy vary significantly in infiltration rate, texture, water
holding capacity, background nutrient content, slope, and yield potential, yet the DEIS ignores
all variables and selects a condition to use as average for all paddocks. The selected condition is
not average or worst case, and it under-represents the risk of nutrient losses to the environment.

the Dairy to the water environment of 335,934 pounds per year. Without modeling and with
oversimplification and averaging of variables, the DEIS makes a first order approximation of
10,000 pounds per year of nitrogen discharged to the environment, which is a significant underestimation.
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3
HDF’s Waste Management Plan describes the wastewater treatment as consisting of two
effluent ponds, a settling pond and a storage pond, which will be constructed “for effluent
collection, management and proper utilization of nutrients available from livestock waste.” Id.
The Plan refers to the “water treatment system,” id. at 41, “wastewater treatment ponds,” id. at
42, and “NRCS Waste Storage Structure Practice Code 319 and Practice Code 359, Waste
Treatment Lagoon,” id. at 51. In the settling pond, a stirrer pump will operate for two hours per
day to break up the solids in the settling pond. Id. at 43.

2
First, Act 55, Session Laws of Hawaiދi 2004, expressly reflected the legislature’s intent to have
the environmental review process cover newly proposed wastewater facilities. Act 55 (H.B. No.
1294) (2004). The purpose of the 2004 amendment was to “close loopholes in the
environmental review process” by including proposals for any privately financed wastewater
facilities on private lands that otherwise failed to trigger environmental review under prior law.
Id. Second, the amendments to Chapter 343 in 2005 incorporated the Department’s wastewater
definitions set forth in its then administrative rules. Act No. 130 (H.B. No. 408) (2005). HAR §
11-62-3 (then as well as now) defines “wastewater” as “any liquid waste, whether treated or not,
and whether animal, mineral or vegetable, including agricultural, industrial and thermal wastes.”
(Emphases added). The term “wastewater treatment unit” is defined as “any plant or facility
used in the treatment of wastewater.” HRS § 343-2.

HDF ignores its own documents (and excludes them from the DEIS), which demonstrate
that it proposes a wastewater treatment unit. Section 7.0 of HDF’s Waste Management Plan
describes “Wastewater Treatment.” Ex. 7 at 41-42.3 The animal waste involved in the project
will be huge. Since each cow will produce an average of 143 lbs. of manure per day, id. at 42,

The use of the term “voluntary” is an attempt by HDF to distract from the more
significant point that HDF is proposing to construct a wastewater treatment unit, which in fact
clearly triggers Chapter 343. See HRS § 343-5(a)(9)(a) (“an environmental assessment shall be
required for actions that . . . propose any . . . Wastewater treatment unit, except an individual
wastewater system or a wastewater treatment unit serving fewer than fifty single-family
dwellings or the equivalent.”) It is clear from the express language of Chapter 343 and its
administrative rules, as well as the legislative history2 and HDF’s counsel’s analysis (Ex. 24),
that wastewater treatment units include liquid wastes from animals or agriculture.

OEQC instructed HDF “to drop any reference to ‘voluntary’ in materials related to the
EIS.” Ex. 30. Even the DOH has acknowledged that “the use of the adjective ‘voluntary,’ . . .
does not obviate the possibility of any legal challenges to the document under Section 7 of
HEPA.” Ex. 29. See also id. (“I quite agree with you, that the EIS would be subject to challenge
per 343-7, even if it were processed as a ‘voluntary’ EIS.”).

HDF Failed to Disclose that its Use of State Tax Credits Triggers
Chapter 343

4
In its May 2016 Waste Management Plan updates (Ex. 25), which were not included in the
DEIS, HDF revised its manure production estimate downward from 143 lbs per day to 90.8 lbs
per day. This downward revision was purportedly based on “forage testing,” copies of which
HDF has also not made available for comment as part of the DEIS process. In contrast to HDF’s
manure estimates, Dr. Deanne Meyer, estimates that each cow will produce 122 lbs of manure
per day, utilizing Standard D384.2, Manure Production and Characteristics. (Appendix F
hereto).

HDF has availed itself of an agricultural state tax credit and this use of state funds is
another trigger requiring environmental review under Chapter 343. HDF’s principal has

2.

Kawailoa was only able to locate one reference to the wastewater treatment process.
Table 5-2 of the DEIS clearly acknowledges that HDF’s “nutrient management plan is designed
to collect, treat, and reuse all livestock waste and wastewater generated from the facility.” DEIS
at 5-12 (emphases added). This reference is not sufficient disclosure. The trigger must be stated
in the OEQC Environmental Notice, and the system must be fully described in a supplemental
draft EIS.

DEIS at 3-14, 3-16.

The pasture-based dairy relies on 100 percent of the nutrients from manure
deposited on the pasture, with application of manure captured in the effluent
ponds, to grow the majority of forage for the herd. Collection and storage of
effluent provide a tool for the dairy manager to control the schedule, timing, and
mix of nutrients to be applied. . . Wash water from the milking parlor will be
routed to the settling pond through a pipe. . . Solids are retained in the settling
pond through filters.

HDF does not disclose this critical information to the public. The DEIS by and large
conveniently minimizes any “treatment” of wastewater. In contrast to the prior Waste
Management Plan, the DEIS makes only brief mention of the treatment process (notably, without
using the word “treatment”) as follows:

the 2,000 total cows at the Dairy will produce 286,000 lbs. of manure per day.4 “Livestock
waste and wastewater generated from the Dairy facility, including any runoff, will be collected,
treated and reused on the farm.” Id. at 41. While the entire Dairy facility, including the
wastewater treatment ponds and other infrastructure, is being sized and constructed for the
2,000-cow scenario, the calculations in the Waste Management Plan are based only on the 699cows scenario. Id. at 42; see also DEIS at 1-20.

process is one to be taken seriously. It is triggered by conditions specified in Chapter 343. In no
instance does Chapter 343 contemplate that an applicant may evade the requirements of Chapter
343 by filing a “voluntary” EIS. A Draft EIS must follow the requirements of Chapter 343.
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HDF Has Improperly Segmented Its Project

(Emphasis added). Where, as here, HDF has admitted that its plan is to build and operate a
Dairy for up to 2,000 mature milking cows, the entire plan must be studied at the outset. HDF’s
statement that “additional regulatory review and public input would be required” for 2,000 cows
(DEIS at 1-4) cannot apply to Chapter 343. The “contemplated herd” cannot be segmented into
two separate projects, thereby evading public input. Compliance with Chapter 343 cannot be
delayed.

A group of actions proposed by an agency or an applicant shall be treated as a
single action when: (1) The component actions are phases or increments of a
larger total undertaking; (2) An individual project is a necessary precedent for a
larger project; (3) An individual project represents a commitment to a larger
project; or (4) The actions in question are essentially identical and a single
statement will adequately address the impacts of each individual action and those
of the group of actions as a whole.

The DEIS does not accurately describe the “action” that is the subject of the EIS. The
“action” is “any program or project to be initiated by any agency or applicant.” HRS § 343-2;
HAR § 11-200-2. A group of actions proposed by an applicant shall be treated as a single action
when the component actions are phases or increments of a larger total undertaking. HAR § 11200-7 provides:

B.

A tax credit constitutes a “form of funding assistance” that “flow[s] from the State.” The
statute authorizing the tax credit makes it clear that the credit is designed to be exactly that – a
form of funding assistance to entities investing in agricultural lands or enterprises. For example,
the tax credit is available only to those entities that incur “qualified agricultural costs.” HRS
§ 235-110.93(a). Relevant to HDF, a “qualified agricultural cost” is defined as “expenditures
for,” among other things, “[a]gricultural processing facilities in the State, primarily for
agricultural purposes, where the majority of the crops or livestock processed, harvested, treated,
washed, handled, or packaged are from agricultural businesses.” Thus, the tax credit is clearly
designed to assist the recipient in funding agricultural expenditures and is exactly what triggers
an EIS under HRS § 343-5(a). The trigger must be stated in the OEQC Environmental Notice,
and the tax credit must be fully described in a supplemental draft EIS.

HRS § 343-5(a) provides that “an environmental assessment shall be required for actions
that: (1) Propose . . . the use of state or county funds . . . .” (Emphasis added). HAR § 11-2005(c) in implementing Chapter 343, provides that the “[u]se of state or county funds shall include
any form of funding assistance flowing from the State or county . . . .” (Emphasis added).

HDF Has Failed to Identify Its Complete “Action”

x

Wastewater treatment. The DEIS nowhere mentions the wastewater treatment process
that was described and discussed in the Waste Management Plan (Exs. 7, 25) previously

The DEIS must fully and completely describe the proposed action. HDF has been
selective in the information that it has disclosed in the DEIS, however. It has not provided
critical information and documentation that it has already submitted to government agencies in
connection with its plans. The proposed action is not described in the following respects:

C.

In contrast, the technical comments provided in Appendices A through H hereto show
very different, and more significant, impacts from a 2,000 head herd, including increased
manure, increased flies, increased odor, increased discharge of pathogens, and increased
discharge of water and nutrients. Indeed, the lay reader would have no knowledge of this from
reading the DEIS and would therefore completely miss the opportunity to comment on the Large
CAFO in the DEIS process. This is improper and constitutes segmentation.

The Hawaiދi Supreme Court has repeatedly ruled that the entire “larger total undertaking”
must be studied; to do otherwise is impermissible segmentation. See, e.g. Kahana Sunset
Owners Association v. County of Maui, 86 Hawaiދi 66, 74, 947 P.2d 387, 386 (1997). In contrast
to this well-established authority, the DEIS does not consider the entire CAFO with more than
2,000 cows as the “action” here, only a possibility or a potential. The DEIS repeatedly tells the
reader that this project is a dairy with 699 cows and describes the impacts of less than the total
undertaking. This construct misleads the public, and denies the opportunity for meaningful
public comment as required by Chapter 343.

The DEIS is cleverly crafted to evade environmental review of the complete project. On
the one hand, HDF suggests the DEIS is meant to “document[] the potential impacts from both
herd sizes for comparative purposes and full disclosure.” DEIS at 1-4. On the other hand, the
larger total undertaking is a large Concentrated Animal Feeding Operation (“CAFO”) with more
than 2,000 cows, which is only described in the DEIS as a “possible expansion.” (DEIS at 1-4),
a “possible expanded herd” (DEIS at 1-12), “potential implementation of a contemplated herd
size of up to 2,000 mature milking cows” (DEIS at 1-14), and as an “upper scale . . . at the dairy
[that] may or may not ultimately occur.” (DEIS at 1-16). The summary of probable impacts for a
2,000 herd size are discussed in table form in only a few brief pages beginning on page 4-102 of
the DEIS. Most of these additional impacts are described as “no change” with little explanation.
It is not sufficient to include limited discussion of these impacts in a table buried nearly 200
pages into the DEIS.

obtained a substantial Hawai‘i state tax credit, the purpose of which is to help the taxpayer offset
expenditures on “qualified agricultural costs,” see HRS § 235-110.93.
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Use of public roads and highways. The DEIS acknowledges that Poipu Road in front of
the Grand Hyatt Kauai and Poipu Bay Golf Course will be used regularly for heavy truck
access (including but not limited to the transport of livestock and the feed for livestock),
(DEIS at 4-68), the impacts of using this and other roads are not stated. Use of public

Offsite locations. Although HDF acknowledges that its operations will require that
certain cows will be managed offsite and rotated from the Dairy (DEIS at p. 3-36), such
offsite locations and the impacts from such offsite operations are not discussed or
evaluated in the DEIS. Operations at offsite locations are not mentioned in the
description of the proposed project in section 1.2 of the DEIS.

The total number of cows. The DEIS represents that there will be between 699 and 2,000
dairy cows but does not factor the number of calves that will be on site at the Dairy. Per
the Waste Management Plan Update, there will be 150 calves on site if under 90 days of
age or if under 250 lbs. Ex. 25. In order to maintain a 699 cow dairy, 832 animals would
need to calve each year, and 205 calves would be maintained at the Dairy location
(Report of Deanne Meyer, Appendix F). The total number of cows and calves would be
larger for a 2,000 cow dairy. Whether maintained on site or offsite, the impacts of these
additional animals are not presented in the DEIS. A total of 832 cows and 205 calves (or
even 150 calves) is not mentioned in the description of the proposed project in section 1.2
of the DEIS.

New Drains. The DEIS discloses that drains will be constructed to remove surface water.
DEIS Appendix C at 94-95 (“Drains may also be installed and used to remove nonnutrient laden water from the surface of these areas to reduce soil dry time and to restore
grazing). HDF’s discussion of adding drains is buried in the technical appendices and
only vaguely referenced in the DEIS. Of significance, no discussion of the impacts of
these drains is included. Mark Madison, however, documents that they will discharge
additional nutrients to surface water. (Appendix H at p. 43, “Any Drain will be a short
circuit of manure directly to the stream.”). New drains are not mentioned in the
description of the proposed project in section 1.2 of the DEIS.

5
HDF further updated its Waste Management Plan by a submittal to the Hawaiދi Department of
Health Wastewater Branch dated May 25, 2016 (“Waste Management Plan Update”), (Ex. 25),
and the Wastewater Branch submitted comments on it (Ex. 26), but HDF did not include such
updates in its DEIS.

x

x

x

x

submitted by HDF to the Hawaiދi Department of Health (“DOH”).5 Wastewater
treatment is significant as it is one of the explicit triggers requiring environmental review.
“Wastewater treatment” is not mentioned in the description of the proposed project in
section 1.2 of the DEIS.
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Milk transportation and processing. Section 1.2 of the DEIS fails to identify the
transportation and processing of milk as part of the proposed project. The DEIS does not
address the environmental impacts from this transportation.

Transportation of equipment and feed. The transporation of equipment and feed is not
identified as part of the proposed project in section 1.2 of the DEIS. The DEIS does not
address environmental impacts from this transportation, including controls necessary to
stop further invasive species from arriving to Kauaދi during transportation of equipment
and feed.

Dung beetle collection and translocation. HDF proposes to collect dung beetles from
locations elsewhere on Kauaދi or in the State of Hawaiދi and to transport them to the
proposed Dairy location. The DEIS does specifically describe collection locations,
quantities or methods. Nor does it evaluate the risks of transporting invasive insect
species with the collected dung beetles. See report by Pacific Analytics, attached as
Appendix C. Importation of dung beetles is not mentioned in the description of the
proposed project in section 1.2 of the DEIS.

HDF Fails to Disclose the Use of Public Funds

HDF Fails to Discuss Significant Adverse Impacts
The DEIS fails to comply with the Content Requirements set forth in HAR § 11-200-17
for Draft EISs. HAR § 11-200-17(b)(2) requires the DEIS to discuss “Significant beneficial and
adverse impacts (including cumulative impacts and secondary impacts).” If HDF contends that
(1) the non-lactating cows on premises and/or (2) its movement of cows and calves around

E.

The DEIS fails to comply with the Content Requirements set forth in HAR §11-200-17
for Draft EISs. HAR §11-200-17(e) provides that the “draft EIS shall contain a project
description which shall include the following information … (4) Use of public funds or lands
for the action…” (Emphasis added.) This requirement is in addition to the requirement to list
the use of public funds as a trigger, as discussed above. Use of public funds, in the form of an
agricultural tax credit, is not mentioned in the description of the proposed project in section 1.2
of the DEIS, and the DEIS fails to disclose or mention any use of public funds. Again, this
information is critical to the review of the document by the public; this information should be
presented in a supplemental draft EIS.

D.

These omissions mislead the public, and deny the opportunity for meaningful public
comment as required by Chapter 343. This information should be presented in a supplemental
draft EIS.

x

x

x
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HDF’s Alternatives Analysis is Inadequate

First, the DEIS fails to study the “alternative of no action.” HAR § 11-200-17(f)(1). The
“no action” alternative is designed to present the status quo so the reader can better understand
the consequences of the action. In startling contrast, the “no action” alternative described in the
DEIS in section 1.7.1 is not the use of the land as it has been since 1986 when the sugar mill
closed, but an alternative of grazing for 2,000 animals and/or other intensive agricultural uses
with no management, no operational controls, and storm runoff of animal waste and suspended
sediment. This horrific “no action” alternative never existed (Kawailoa hopes) and would be a
change from recent conditions. As a matter of law, a different project cannot be the “no action”
alternative. The failure to include a true “no action” alternative so the public can compare the
project to current conditions violates Chapter 343.

The DEIS fails to comply with the “alternatives analysis” requirement of the Content
Requirements set forth in HAR § 11-200-17 for Draft EISs. HAR § 11-200-17(f) provides that
the draft EIS shall include a separate and distinct section on alternatives. The DEIS has such a
section but it fails to comply with the rule in four key respects.

F.

Cumulative impacts require an analysis of “the incremental impact of the action, when
added to other past, present and reasonably foreseeable actions regardless of what agency or
person undertakes such other actions.” A cumulative impacts analysis of the proposed action –
which must be 2,000 cows – has not been performed. The DEIS reaches the remarkable
conclusion at page 4-109 that “cumulative impacts from both the committed herd size and the
contemplated herd size are not significant.” It strains credulity to suggest that a project of this
magnitude, nearly doubling the number of milk cows in the state, will not have significant
cumulative impacts. These conclusory statements do not pass muster under Chapter 343. The
lack of a meaningful analysis denies the opportunity for public comment as required by Chapter
343, and a supplemental draft EIS is required.

“Secondary impacts” are the “effects that are caused by the action and are later in time or
farther removed in distance, but are still reasonably foreseeable.” (Emphasis added.) The
secondary impacts analysis claims that there will be “no impact” from cows other than lactating
cows at the Dairy itself. Offsite transportation is “not anticipated to generate significant
secondary impacts,” but it is not studied. The analysis in the DEIS only considers the 699 cow
herd size; there is no secondary impacts analysis of the action as a whole. This lack of analysis
is not acceptable under Chapter 343, and a supplemental draft EIS is required.

Fourth, HDF fails to study the “alternative locations for the proposed project.” HAR
§ 11-200-17(f)(5). Kawailoa Development stated in its February 23, 2015 comments on HDF’s
EIS Preparation Notice that locations should not be arbitrarily limited to the island of Kauaދi, as
set forth in that notice. The DEIS imposes further limitations on alternative locations,
considering only “972 acres of Grove Farm land at Puhi” but within a single sentence deemed
that alternative “less suitable . . . due to land tenure, greater slopes, higher rainfall and less

HDF’s third failure is to study “alternatives which could attain the objectives of the
action” as required by § 11-200-17. HDF admits that HAR chapter 11-200 “requires a
discussion of alternatives that could attain the objectives of the action, regardless of cost,” DEIS
Response Letter to Kawailoa at 3 (emphasis added). The objectives of the proposed action are
stated on page 1-3 of the DEIS and include, for example, providing milk for the community,
growing local grass as a primary feedstock, and effectively integrating Dairy operations within
the island community setting. Inexplicably, Section 6.2 of the DEIS fails to consider alternatives
sharing these same objectives. Instead, Section 6.2 examines alternative uses for Grove Farm’s
property, including rezoning the land for resort or residential development, condemnation for
conservation, development of an agricultural park and processing center, or development of an
agricultural subdivision. None of these alternatives could attain the stated objectives of the
proposed Dairy as none involve dairy operations.

Further study has also been required by the State Historic Preservation Division
(“SHPD”), which ten days ago sent a letter dated July 15, 2016 to HDF regarding review of
HDF’s revised Archaeological Inventory Survey (“AIS”). Ex. 33. SHPD is requiring additional
revisions to the AIS, including additional information regarding historic sites, consultation with
OHA and other interested parties, additional research into interpretation of traditional Hawaiian
sites, and the impacts of the project on historic sites. Id. The AIS attached to the DEIS as
Appendix G is missing the further study requested by SHPD. HDF must therefore postpone
action pending this further study, then make the further study available in a supplemental draft
EIS.

The second missing requirement is to study “the alternative of postponing action pending
further study.” HAR § 11-200-17(f)(4). In light of the substantive inadequacies presented in the
appendices, this seems a worthy option. Technical appendices A through H demonstrate
extensive additional study is needed in areas including, but limited to, the following: economic
impacts from flies and odor; the efficacy of dung beetles in controlling pest fly populations and
odor; a standard arthropod survey and assessment; impacts on endangered arthropods; pathogen
impacts; impacts of harmful algal blooms; impacts of introduction and increasing populations of
invasive and/or exotic species; impacts to threatened and endangered endemic species (including
the Hoary bat, monk seals and green sea turtles); impacts to coral; runoff and water quality
impacts; and additional nutrient balance analysis).

Kauaދi (“musical cows”); (3) wastewater treatment; (4) new drains, (5) use of public roads and
highways; (6) dung beetle collection and translocation; (7) transportation of equipment and feed;
and (8) milk transportation and processing are not part of the “action,” they are necessarily
secondary or cumulative impacts of the action.
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HDF Fails to Disclose Enforceable Mitigation Measures

HDF Fails to Adequately Describe Mitigation Measures

Ironically, the alternative Grove Farm property was rejected because of a “perennial stream
draining into a wildlife refuge,” DEIS at 1-19, wholly ignoring that the proposed MƗhƗދulepǌ
location also has Waiopili Stream draining directly through the middle of the Dairy to the
nearshore environment, a pupping and haul out location for endangered monk seals, and an area
used for recreation (fishing and swimming) by the public. See Appendix E and U.S. National
Park Service Reconnaissance Survey, attached to Ex. 8 at 24.

6

The DEIS fails to adequately describe mitigation measures, establish reduction of impacts
to insignificant levels, or provide a basis for considering those levels acceptable. HAR § 11-2007 (“Description of any mitigation measures included in the action plan to reduce significant,

1.

While the DEIS describes various “mitigation” measures, those mitigation measures
cannot be used to reduce the impacts of the proposed action. In order to reduce the significance
of an impact, the mitigation must be well-defined and there must be an enforceable commitment
to the mitigation. Here there is no clear plan or enforceable commitment to mitigation. Promises
are not enough to reduce the substantial adverse impacts of this project.

G.

The DEIS also acknowledges that, “[t]he project purpose is to establish a sustainable,
pastoral rotational-grazing dairy farm that will increase current local milk production, bolster
Hawaii’s declining dairy industry, and reduce reliance on imported milk from the mainland
United States.” DEIS at 1-3 (emphasis added). The stated purposes suggest that the Dairy has a
statewide purpose, both with respect to the dairy industry and the market that the Dairy intends
to serve. Despite this stated purpose, no statewide locations are considered. Such locations
should be studied in the supplemental draft EIS.

No alternative sites outside Kauaދi were considered. See, e.g., ұIlioұulaokalani Coalition
v. Rumsfeld, 464 F.3d 1083, 1095 (9th Cir. 2006) (“The agency must look at every reasonable
alternative within the range dictated by the nature and scope of the proposal. The existence of
reasonable but unexamined alternatives renders an EIS inadequate.”). The DEIS should have,
but did not consider sites where dairies are already established, and where existing milk
processing facilities are located, such as those on the island of Hawai‘i, for example. Alternate
multiple locations were also not studied.

HDF Relies Heavily on Mitigation Measures in its Natural Resources
Conservation Service (NRCS) Conservation Plan But has Failed to
Make that Document Available for Public Review as part of the DEIS
Process

7
DEIS at 1-14, 1-15, 2-9, 3-7, 3-28, 4-6, 4-7, 4-13, 4-37, 4-38, 4-41, 4-42, 4-43, 4-45, 4-65, 466, 4-76, 4-80, 4-84, 4-87, 4-90, 4-91, 4-97, 4-99, 4-101.

In addition, the DEIS relies heavily on the Conservation Plan as the proposed mitigation
of potential long and short-term impacts that could result from the dairy development. Openness
and forthrightness with the public is not achieved by asserting that impacts will be managed by

In particular, HDF relied on the NRCS Conservation Plan to obtain an agricultural
exemption by the County of Kaua‘i Department of Public Works under Section 22.76 of the
County of Kaua‘i Sediment and Erosion Control Ordinance. See DEIS, at 4-13 (stating that the
County granted the exemption “provided that conservation practices documented in the HDF
Conservation Plan are employed”) (emphasis added). HDF also relied upon the NRCS
Conservation Plan in obtaining its building permit approvals from the County of Kaua‘i.

Kawailoa requested in its comments on HDF’s EIS Preparation Notice, that HDF’s
Conservation Plan be attached to the DEIS, HDF has neither made the Conservation Plan
available nor has it been attached to the DEIS. The West Kauaދi Soil and Water Conservation
District has also refused to disclose this document. Ex. 6. HDF’s Conservation Plan is the
purported basis upon which HDF obtained the approvals, permits and exemptions that it obtained
prior to its publication of the DEIS and that it now apparently holds. It is the antithesis of any
EIS that such core information should be withheld. The permits desired are of significant public
interest. The basis for such permits, i.e., if it is to be the Conservation Plan, forms the record for
public comments and for governmental agencies to make decisions relating to the project.
Without it, the public (as well as the agencies issuing the applicable permits and approvals) are
in the dark.

2.

unavoidable, adverse impacts to insignificant levels, and the basis for considering those levels
acceptable shall be included.”). The mitigation presented in HDF’s DEIS represents little more
than a “plan to have a plan.” By way of example only, the DEIS vaguely promises “Best
Management Practices” and “Integrated Pest Management,”7 but does not provide those practices
or plans for review. The DEIS also describes best management practices to control water runoff
(DEIS at 1-15), but does not describe those practices in any level of detail. HDF also states that
it will rely on “effluent management” to ensure environmental health and safety (DEIS at 2-9),
but does not describe those practices in any level of detail. Moreover, HDF refers to the Nutrient
Management Plan as containing significant information on its nutrient management practices
(DEIS at 3-28), but does not include that plan in its DEIS.

sunlight . . ..”6 DEIS at 1-19. Further, the discussion in Section 6.0, relating to the 972 acres at
Puhi (KƯpǌ), makes clear that these lands were only evaluated as an alternative location. Since
then, the land has been contracted for sale to another landowner who is not planning to develop a
pasture-based dairy. DEIS at 6-15. There are therefore no present alternative locations
described in the DEIS for the proposed project – all have been ruled out in their entirety, and no
non-Grove Farm lands are considered.

A LIMITED LIABILITY LAW PARTNERSHIP LLP

Dr. Virginia Pressler
Laura McIntyre
July 25, 2016
Page 26

GOODSILL ANDERSON QUINN & STIFEL

Dr. Virginia Pressler
Laura McIntyre
July 25, 2016
Page 25

A LIMITED LIABILITY LAW PARTNERSHIP LLP

GOODSILL ANDERSON QUINN & STIFEL

x

x

x

x

x

x

p. 4-103: The DEIS states that “Short-term soil disturbance for construction of roadways
and dairy facilities [for the committed herd size]will be minimized through the adherence
to the Conservation Plan, best management practices, and controls per an NPDES
Construction Stormwater General Permit”;

pp. 4-83 to 84: In order to minimize impact to surface waters crossing the dairy and the
impacts on nearshore marine resources due to run off surface water at the committed herd
size of 699 cows, “HDF will follow its NRCS reviewed Conservation Plan to minimize
sediment, nutrient and pathogen inputs to the surface waters in these drainages.” On page
4-99 the DEIS asserts the same reliance on the Conservation Plan at the contemplated
herd size of 2,000 cows;

p. 4-65 to 66: In order to mitigate short-term impacts to surface water resources and the
marine environment resulting from site work for pasture establishment and dairy facilities
development, the developments will “employ NRCS standards per the HDF Conservation
Plan,” and notes that the Conservation Plan includes setbacks to minimize impacts of
surface water, including a 50-foot setback from drainage ways for effluent application;

p. 4-35: In regard to short term impacts on the flora at the site, “vegetated buffer strips
along drainage ways are part of the Conservation Plan to reduce erosion and stabilize
slopes”;

p. 4-13: The DEIS submits that in regards to short-term impacts resulting from
earthwork for the dairy facilities, raceways, roads, drainage systems, and installation of
utility infrastructure and effluent ponds, “[w]ork to date at HDF has followed the
Conservation Plan, which was been [sic] approved by the West Kaua‘i Soil and Water
Conservation District in December 2013”;

p. 4-7: Regarding the potential long-term impacts on and mitigation measures relating to
the topography of the dairy site, the DEIS states that the design and installation of any
roads, raceways, and swales “will be incompliance with the HDF Conservation Plan and
utilize standards from applicable NRCS Practice Codes”;

The measures to minimize or mitigate the potential impacts of the dairy that are
referenced in the undisclosed and unavailable Conservation Plan are as follows:

practices that are contained in a secret document. A supplemental draft EIS attaching this
document must be published and made available for comment.
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p. 6-19: Short term soil disturbance during construction for the committed herd size will
be minimized through adherence to the Conservation Plan, best management practices ,
and NPDES Construction Stormwater Permit.

p. 4-108: To minimize impacts to surface water resources at the contemplated herd size
of 2,000 cows, “[a]dherence to the Conservation Plan and NRCS Nutrient Management
Practice Code requires monitoring and analysis of soil, manure, and tissue samples which
can be used to amend the nutrient budget prepared for the site”;

p. 4-107: In order to minimize impacts to surface water resources at the committed herd
size, “adherence to the Conservation Plan” and best management practices establish
setbacks that will minimize impacts to surface water resources in the long-term for the
committed herd size;

A LIMITED LIABILITY LAW PARTNERSHIP LLP

HDF Fails to Offer Assurance that Mitigation Will be Implemented
HDF’s discussion of mitigation measures does not include a discussion of provisions to
assure that the mitigation measures will in fact be taken. HAR § 11-200-17(m) (“Included,
where possible and appropriate, should be specific reference to the timing of each step proposed
to be taken in the mitigation process, what performance bonds if any, may be posted, and what
other provisions are proposed to assure that mitigation measures will in fact be taken”). HDF
has failed to discuss any timing of its mitigation measures (let alone the timing of “each step”),
nor has it offered any guarantees that its vague mitigation measures “will in fact be taken.” The

3.

Given that the Conservation Plan is the plan by HDF to minimize and mitigate the
impacts from the project, and given that the Conservation Plan is neither attached to the DEIS
nor available for review, the DEIS essentially makes no disclosure of information regarding
HDF’s mitigation plans. As the Dairy’s mitigation plans are not reviewable, the accuracy or the
reasonableness of the mitigation plans cannot be evaluated, and of course, they are also
unenforceable.

The references to the Conservation Plan are not just limited to the body of the DEIS. The
supporting documentation attached to the DEIS and to its appendices rely upon the NRCS
Conservation Plan. For example, Appendix D, “Nutrient Balance Analysis for Hawai‘i Dairy
Farms,” prepared by Group 70, states on page 54 that “[t]he farm is managed under a
Conservation Plan developed with [NRCS] guidance, and approved by the West Kauaދi Soil and
Water Conservation District. The Conservation Plan specifies a variety of agricultural best
management practices (BMPs) to be installed and implemented, as appropriate, prior to farm
population and operation of the dairy.” Appendix D further states, on page 64, that because the
proposed dairy farm is pasture-based with “no significant amount of annual tillage planned,” soil
loss will be “manageable in accordance with the NRCS Conservation Plan . . ..”

x

x

x
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The DEIS Is Insufficient Pursuant to HAR § 11-200-17

x

The DEIS does not include a “[s]pecial emphasis,” “on environmental
resources that are rare or unique to the region and the project site (including
natural or human-made resources of historic, archaeological, or aesthetic

In addition to the insufficient discussion of alternatives and mitigation measures, the
DEIS also fails to meet the requirements of HAR § 11-200-17 on multiple fronts:

H.

Without making mitigation plans available for review, without an enforceable
commitment to mitigation, without adaptive management for well-intentioned, but failed,
mitigation measures, and in the face of the dairy self-policing its mitigation commitments, the
DEIS is not a meaningful document. The community should be allowed to review and evaluate
these plans in a supplemental draft EIS. Without concrete assurances that impacts will be
monitored, and that plans will be enforced if they fail to achieve the promised results, any such
assurances are empty.

In this respect, HDF’s failure to offer a performance bond for its mitigation measures is
significant. See HAR § 11-200-17(m) requiring “performance bonds” for mitigation. While
Chapter 343 allows for a performance bond, HDF’s failure to offer one is an admission that it
cannot put a price on the potential damage to drinking water resources, surface water resources,
natural resources, cultural resources, the visitor industry, displaced workers and the residents of
Kauaދi.

A further, and more substantial concern, is that HDF will be left to monitor and selfpolice its own mitigation. There is no commitment that mitigation will be enforceable by any
agency or the public. Mitigation plans are monitored, usually by an agency, and often adaptive
management is required by agencies to correct any mitigation deficiencies. However, there is no
apparent agency here to monitor whether integrated pest management will adequately control
flies and odor emanating from the Dairy. These mitigation measures will not be made conditions
of any permits identified in the DEIS. Some permits and approvals have already been issued (the
NRCS conservation plan, the grading permit, the Individual Wastewater System permit, the
Waste Management Plan, the Section 404 Permit exemption, the building permit, and the
monitoring well construction permits. DEIS at 1-20 and 3-37. There are no land use permits
listed. There is no agency issuing a permit for proper agricultural operations that will oversee
issues such as flies and odors, as HDF appears determined to avoid oversight by the United
States Environmental Protection Agency. Having circumvented the permit and approval process,
HDF fails to identify any agency that will ensure that mitigation measures identified in the DEIS
are undertaken. The community will be left with little or no remedy if promised mitigation plans
do not materialize and operate as expected.

public has therefore been deprived of the opportunity to evaluate the efficacy of these measures
and offer comments regarding them.
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HDF Fails to Properly Disclose Required Approvals

The DEIS does not include a description of all irreversible and irretrievable
commitments of resources – including natural and cultural resources – that
would be involved in the proposed action should it be implemented.
HAR § 11-200-17(k). The DEIS states that its action “does not preclude
future conservation use of the wider region,” DEIS at 4-101, but does not
address the resources at the site in its entirety.

The DEIS does not include any discussion of indirect environmental
consequences of all phases of its action, as required by HAR § 11-200-17(i).

HDF Fails to Disclose that a CAFO Permit is Required for its Initial
Herd of 699 Milking Cows

Even at its initial declared herd size of 699 dairy cows, however, the Dairy is a Large
CAFO. It will not have 699 mature dairy cows. In reality, it will have many more. In addition
to the 699 cows on the site, HDF admits that approximately 600 cows and calves will be
managed offsite during the first two years of operation, and 1,100 cows and calves will be
managed offsite thereafter. DEIS at 3-33. These cows will be shuttled between different sites, a
musical chairs of cows. The number of cows in the entire operation, including the offsite
locations, should be totaled for the purposes of determining the number of animals and the
management of manure. The DEIS suggests that all of the cows will be under the ownership of
HDF wherever they may be located. As the DEIS does not address what will happen with all the

At its eventual herd size of 2,000 cows, the Dairy is without question a Large CAFO.
HDF knows the thresholds for the determination of CAFOs. It admits that an application for a
National Pollutant Discharge Elimination System (“NPDES”) permit is required for dairy
operations with 700 or more mature dairy cows, (see, e.g., DEIS Response Letter to Kawailoa at
2, DEIS at 3-37), the initial herd size of 699 being one cow short of the more extensive review
process required of large CAFOs. DEIS at 3-32.

1.

HDF has failed to disclose necessary approvals and permits needed for its project in
violation of Chapter 343. See HAR § 11-200-16(h) (“The draft EIS shall also contain a list of
necessary approvals, required for the action, from governmental agencies, boards or
commissions or other similar groups having jurisdiction. The status of each identified approval
shall also be described.”).

I.

x

x
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significance,” as required by HAR § 11-200-17(g). The DEIS noticeably deemphasizes the U.S. National Park Service’s reconnaissance study, attached to
Ex. 8, which discusses the natural and cultural significance of the area and its
potential inclusion in the national park system.
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HDF Fails to Disclose that it Commenced Construction Without a
Storm Water Permit

HDF Improperly Fails to Disclose that the Clean Water Act Requires
a Section 404 Permit

Whether certain areas constitute wetlands is a process determined by the Army Corps of
Engineers, through issuance of a “jurisdictional determination.” HDF has failed to obtain a
jurisdictional determination regarding the wetlands at its proposed location.

3.

Although HDF discloses that a NPDES General Permit for Construction Activities is “in
progress,” (DEIS at 1-20 and 3-37), this permit is for future construction activities. The DEIS
fails to disclose that construction of the proposed dairy has already commenced without a
required storm water permit for such construction activities. HAR § 11-55-04 requires that
before beginning construction activities that disturb one or more acres of land, a person shall
submit a complete NPDES permit application and provide notice of intent at least 180 days
before construction begins. HDF’s construction activities have involved far in excess of one acre
of property, and HDF failed to obtain a storm water permit was not obtained before those
activities commenced. DEIS at 1-20, 3-37. The DEIS therefore fails to appropriately describe
the “status” of this approval as required by HAR 11-200-17(h), namely that a required permit
was not obtained before work commenced.

2.

In addition, the ditches throughout the Dairy, which go through the middle of paddocks
without setbacks, and then drain to Waiopili Stream, are also state waters. HDF also needs a
NPDES permit for discharge to those ditches.

The streams in MƗhƗދulepǌ Valley are waters of the United States. Regardless of
whether the Dairy is able to limit the size of its herd, there is no doubt that there will be
significant discharge to waters of the United States. The level of discharges of nitrogen and
phosphorus are too large to be ignored. HDF has failed to disclose that with its intended 699
herd size, it will be required to obtain a NPDES permit.

Even assuming HDF is able to maintain no more than 699 mature dairy cows at all times,
the Dairy’s operations will constitute a Medium CAFO, and will require a NPDES permit. A
Medium CAFO is any AFO with 200 to 699 mature dairy cows where pollutants are discharged
into waters of the United States. See 40 CFR § 122.23(b)(6). Additionally, an AFO may be
designated as a CAFO notwithstanding the herd count, if there is a significant contribution of
pollutants to waters of the United States. See 40 CFR § 122.23(c).

Survey maps are consistent in describing the valley as a swamp. See, historical survey
map dated August 8, 1896, designating MƗhƗދulepǌ Valley as “Swamp.” Ex. 31. Another
undated territory survey by Walter E. Wall designates the same. Ex. 32.

Arthur C. Alexander, Koloa Plantation, 1835 – 1935: a history of the oldest Hawaiian sugar
plantation 75 (Honolulu, T.H. 1937) (emphasis added). Indeed, “[a] low wooden house with
windows was built over the Mahaulepu pump pit, but the first heavy rains softened the exposed
clay-like soil above the retaining walls so that it slipped down covering and crushing the wooden
house and filling the pit.” Id. at 98.

In 1878 Koloa Plantation began the cultivation of sugar cane in Mahaulepu
Valley, a beautiful valley nestling at the foot of Mount Haupu, with level floor
and steep ridges on three sides, containing about 875 acres of perfectly flat cane
land. This land looks most promising for cane cultivation, level, sheltered, with a
good underground supply of water, but until recent years there has been much
difficulty in draining it and in handling the clay soil.

Current observations are supported by historical literature which depicts the valley as a
swamp and as requiring draining. The book Koloa Plantation 1835 – 1935, cited by HDF in its
References, traces the history of Koloa Plantation.

MƗhƗދulepǌ valley is a wetland and is subject to regulation under the Clean Water Act.
That is has been a wetland is evidenced by historical literature and HDF’s own Archaeological
Inventory Survey (“AIS”) included in the DEIS as Appendix G. Stratigraphic trench excavations
near the cluster of Land Commission Awards (“LCA”) located on the east side of the Main East
Ditch were undertaken as part of the AIS. The AIS Report notes that this part of the area “is
currently marshland and an excavator could not safely be brought in to excavate.” DEIS
Appendix G at 132. Additionally, with respect to at least one trench, “located in the center of the
project area east of MƗhƗދulepǌ Ditch and south of MƗhƗދulepǌ Road,” the water table was
reached at only 0.9 m below the ground surface. Id. at 136. HDF’s report of both the presence
of marshland and the extremely shallow depth to groundwater indicates that portions of the site
are wetlands.

By ignoring that portions of the Dairy are wetlands protected by the federal Clean Water
Act, HDF fails to disclose permits necessary for work in those wetlands. Wetlands are areas
“where the water table is usually at or near the surface of the land is covered by shallow water.”
HAR § 11-54-1. Further, wetlands have one or more of the following attributes: (1) at least
periodically the land supports predominantly hydrophytic vegetation; (2) the substratum is
predominantly hydric soil; or (3) the substratum is nonsoil (gravel or rocks) and is at least
periodically saturated with water or covered by shallow water. Id. Low wetlands, which include
marshes, swamps, and associated ponds, id. at § 11-54-2(b)(1)(C), are Class 2 Inland waters, as
described in the Section above. Id. at § 11-54-5.1(a)(3)(C).

manure from the combined herd, the manure from all the cows could be used and/or disposed at
the Dairy site and the total number of cows at all sites would add up to a Large CAFO.
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HDF Fails to Properly Disclose and Discuss State Policies

HDF Fails to Discuss How Discharges from the Dairy Comply with
Hawaii’s Policy that Water Quality Shall not be Degraded

9
The DEIS represents that a Section 404 permit exemption was “approved” by the U.S. Army
Corps of Engineers (“USACE”) in October 2014. USACE made clear, however, that exemption
only applied to “proposed maintenance of existing drainage ditches,” and not to additional
activities that “may occur at the site which could affect the drainage ditches or other aquatic
resources such as the construction of farm roads, animal walkways, stream crossings, etc.”
Ex. 34. Whether for wetlands or other waters subject to jurisdiction under the Clean Water Act,
the DEIS fails to mention that additional approvals from the USACE will be necessary. DEIS at
1-20, 3-37.

8
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/vt/programs/?cid=nrcs142p2_010517 (last
accessed Jul. 11, 2016).

The DEIS refers to “ditches” flowing through the dairy (DEIS at 4-60 – 4-61), ignoring
that it is the policy of the state to protect such waters. The DEIS mentions, but does not discuss

1.

The DEIS fails to discuss the policy in Hawaiދi that water quality shall not be degraded,
or that water classifications shall be maintained. See HAR § 11-200-17(h) (“The draft EIS shall
include a statement of the relationship of the proposed action to land use plans, policies and
controls for the affected area.”).

J.

Further, the DEIS is deficient in failing to include a Section 404 permit under the Clean
Water Act for work in those portions of the proposed dairy farm that constitute wetlands.
Section 404 establishes a program to regulate the discharge of dredged and fill material into
waters of the United States, including wetlands. HDF’s DEIS, however, fails to list a Section
404 permit as a required permit for this project.9 DEIS at 1-20, 3-37.

MƗhƗދulepǌ Valley is therefore subject to state and federal regulation as a wetland. This
is significant because HDF claims to follow National Resources Conservation Service Practice
Standard 313 regarding Waste Storage Facilities. Ex. 7 at Appendix A. Practice Standard 113
says that “Waste storage facilities shall not be located in wetlands.”

Pursuant to this policy, Hawaiދi requires that existing uses and level of water quality
necessary to protect the existing uses be maintained and protected. The waters of the Waiopili
Stream and the nearshore ocean near the stream currently contain concentrations of indicator
bacteria that exceed water quality standards. Appendix G at 41. Additionally, much of the
coastline near the proposed dairy already receives high concentrations and loads of nutrients. Id.
However, HDF has not evaluated the concentrations of pathogens, nutrients or sediment in
discharges from the dairy site to the Waiopili Stream or the nearshore ocean, and has not
compared the concentrations expected to occur in receiving waters against water quality

HAR § 11-54-1.1.

(d) In those areas where potential water quality impairment associated with a
thermal discharge is involved, the antidegradation policy and implementing
method shall be consistent with section 316 of the Clean Water Act.

(c) Where existing high quality waters constitute an outstanding resource, such as
waters of national and state parks and wildlife refuges and waters of exceptional
recreational or ecological significance, that water quality shall be maintained and
protected.

(b) Where the quality of the waters exceed levels necessary to support
propagation of fish, shellfish, and wildlife and recreation in and on the water, that
quality shall be maintained and protected unless the director finds, after full
satisfaction of the intergovernmental coordination and public participation
provisions of the state's continuing planning process, that allowing lower water
quality is necessary to accommodate important economic or social development
in the area in which the waters are located. In allowing such degradation or lower
water quality, the director shall assure water quality adequate to protect existing
uses fully. Further, the director shall assure that there shall be achieved the
highest statutory and regulatory requirements for all new and existing point
sources and all cost-effective and reasonable best management practices for
nonpoint source control.

(a) Existing uses and the level of water quality necessary to protect the existing
uses shall be maintained and protected.

Hawaii’s policy regarding water quality is that,

its compliance with Hawaii’s antidegradation policy regarding water quality. DEIS at 5-28.
Mere mention of a policy without discussion is insufficient, especially where, as here, water
quality will degrade significantly. HAR § 11-200-17(h) (“Discussion of how the proposed action
may conform or conflict with objectives and specific terms of approved or proposed land use
plans, policies, and controls, if any, for the area affected shall be included.”).

While some agricultural operations might be exempt from federal regulations as a prior
converted cropland (“PCC”), there is no indicia of cropland status that would allow such an
exemption here. Nothing in the DEIS or Important Agricultural Lands (“IAL”) petition indicates
that there was a history of annual tillage and cropping or that the land has continued to be used
for agricultural purposes consistently since 1985.8 In addition, no evidence exists that might
indicate that there have been five consecutive years of management or maintenance operations
related to the use of the farmed wetland pasture. 7 CFR § 12.33(c).
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HDF Fails to Disclose that the Ditches Flowing Through its Proposed
Location Are, in Fact, Protected Waters of the United States

Because the ditches in MƗhƗދulepǌ Valley are waters of the United States, HDF must
obtain a NPDES permit, as well as a Clean Water Act section 401 water quality certification
from the U.S. Army Corps of Engineers. HAR §11-54-1; 33 U.S.C. § 1341 (“Any applicant for

Ditches with intermittent flow are considered waters of the United States when they drain
wetlands, which is the case here. 40 CFR § 230.3(o)(2)(iii)(B) Additionally, one ditch, which
directs stream flow off KƗmaulele, is coded R3RBH, which represents “an upper perennial
stream with a rock bottom.” Id.

DEIS Appendix A at 19 (emphases added). HDF refers to the USFWS National Wetlands
Inventory (“NWI”), which characterizes all of the streams on the property as R4SBCx, and
which represents “intermittent (seasonally flooded) flowing water, in an excavated channel.” Id.
at 19.

This second ditch originates in the vicinity of a pond in an area of water wells in
the upper west side of the valley. We did not establish the source of the water in
this ditch, but the ditch contains water and extends south, passing beside an
agricultural operation that includes kalo loұi (taro fields), from which it receives
additional flow. This ditch then joins a larger ditch known as Mill Ditch (USGS,
1996) carrying water flowing from west to east across the valley within the
project area. Mill Ditch turns southward near the center of the valley, passes
under MƗhƗދulepǌ Road, and some 460 meters south, joins the first ditch coming
down the valley. The two become Waiopili Ditch, with an outlet at MƗhƗұulepǌ
Beach. Mill Ditch is actually receiving water from a pipe located adjacent to the
west side of MƗhƗދulepǌ Road.

HDF admits that the ditches running through its site flow to Waiopili Stream and then to
the ocean,

The ditches in MƗhƗދulepǌ Valley are waters of the United States that are subject to
federal regulation. Waters of the United States include tributaries that contribute flow, either
directly or through another water to the ocean, and that have a bed and banks and an ordinary
high water mark. 40 CFR § 230.3(o)(3)(iii).

2.

The total absence of discussion regarding Hawaii’s antidegration policy renders the DEIS
deficient, especially where impacts to water quality will be significant.

HDF Fails to Disclose that Waiopili Stream, Which Flows Through
the Proposed Dairy Location, is State Water Protected for Recreation
and the Propagation of Fish and Wildlife

The objective of class 2 waters is to protect their use for recreational purposes,
the support and propagation of aquatic life, agricultural and industrial water
supplies, shipping, and navigation. The uses to be protected in this class of
waters are all uses compatible with the protection and propagation of fish,
shellfish, and wildlife, and with recreation in and on these waters. These waters
shall not act as receiving waters for any discharge which has not received the best

It is state policy to protect class 2 waters for recreational use, and for the protection and
propagation of fish and wildlife:

The ditches in MƗhƗދulepǌ Valley, running through the proposed dairy site, are protected
as Class 2 Inland Waters under classifications of the State of Hawaiދi. See Ex. 8. Class 2
flowing waters are “perennial streams and rivers, intermittent streams, springs and seeps, and
man-made ditches and flumes that discharge into any other waters of the State.” HAR § 11-545.1(a)(1)(C).

3.

HDF claims to have a Section 404 exemption, (DEIS 1-20, 3-37), however this claim is
misleading. As HDF stated to the U.S. Army Corps of Engineers, HDF sought an exemption for
“ongoing farming operations,” which included maintenance for ditches and ponds. Ex. 35. The
subject line of the exemption letter clearly states: “Clean Water Act Exemption for Proposed
Maintenance of Existing Drainage Ditches of the Hawaii Dairy Farm in Mahaulepu, Island of
Kauai, Hawaii.” Ex. 34 (emphasis added). Moreover, the U.S. Army Corps of Engineers stated
that this work would be exempt from the Section 404 permitting requirements, but noted that at
that time, HDF was not requesting a determination of whether HDF’s additional activities “such
as the construction of farm roads, animal walkways, stream crossings, etc.” were also exempt.
Id. Therefore, HDF’s statement that it has a Section 404 exemption for all of its construction
activities is misleading and should be corrected in the supplemental draft EIS.

In addition, HDF should have obtained a Clean Water Act Section 404 permit from the
U.S. Army Corps of Engineers prior to the discharge of dredged or fill material into these ditches
pursuant to 33 U.S.C. § 1344. The Dairy is not exempt from a Section 404 permit because its
operations are not part of an ongoing operation as contemplated by 33 CFR § 323.4(a)(1) and
because new construction work has been done around the ditches. See Ex. 15.

a Federal license or permit to conduct any activity including, but not limited to, the construction
or operation of facilities, which may result in any discharge into the navigable waters, shall
provide the licensing or permitting agency a certification from the State in which the discharge
originates or will originate . . . .”). HDF’s list of permits and approvals fails to include a Section
401 Water Quality Certification. DEIS at 1-20 and 3-37.

standards for these constituents. Id. at 35. Because it is likely that water quality will degrade
significantly and that the frequency and magnitude of exceedances of water quality criteria can
be expected to increase due to the proposed dairy, HDF must evaluate these impacts.
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HDF’s After-The-Fact EIS Violates Chapter 343

The only mention of Class 2 Waters in the text of the DEIS is in a table on page 5-29. Without
any further discussion, the table indicates that the proposed project is “supportive” of Class 2
Waters. Discussion of how the proposed Dairy conforms with the state’s policy of protecting
Class 2 waters is required by HAR § 11-200-17(h). The DEIS fails to include any such
discussion. If discussed, the only logical conclusion is that fish, wildlife and recreational uses
would not be protected with the substantial amount of nutrients and pathogens that will be
discharged from the Dairy. Appendix H at 15-53, D at 17-31.

10

It is simply incorrect for HDF to continue to state that “none of the permits that have
been obtained or the reviews that were completed triggered the requirements for an
environmental assessment or an EIS.”11 See DEIS Response Letter to Kawailoa at 1-2.

K.

DEIS at 4-66 (emphasis added).

Suspended soil inputs from natural sources and offsite ranching and agricultural
uses in the watershed will continue to enter the agricultural ditches, which drain
downstream into Waiopili Ditch and the nearshore ocean waters. Waiopili
Ditch receives runoff from the larger 2,700-acre MƗhƗދulepǌ sub-watershed,
including the lands mauka and makai of the dairy facilities and pasture paddocks.

Notwithstanding the protected status of these waters, HDF states that it will discharge
into Waiopili stream, in clear violation of Hawaii’s water quality rules.

Surface waters in the area of the proposed dairy are recreational resources and are used
by the public. As recognized in the DEIS, Mahaulepu Farm allows public access to the beach.
Id. at 4-68. Additionally, a 2008 reconnaissance survey of MƗhƗދulepǌ conducted by the
National Park Service highlights that the MƗhƗދulepǌ shoreline has “long served as [a] secluded
recreation place[] for local residents. Lately a growing tourist presence has added to the mix;
over one-third of the petition-signers in a community initiative to protect the MƗhƗދulepǌ
shoreline resources identified themselves as visitors to the island (MM2007).” U.S. National
Park Service Reconnaissance Survey, attached to Ex. 8 at 42. The U.S. National Park Service
also notes that “MƗhƗދulepǌ Beach is favored for windsurfing and kite surfing, and its long white
stretch of sand appeals to sunbathers and walkers.” Id.

HAR § 11-54-3(b)(2) (emphases added). HDF has failed to disclose that Waiopili
Stream is a protected Class 2 water.10

degree of treatment or control compatible with the criteria established for this
class.
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The DEIS Contains Misstatements That Must be Corrected

HDF’s argument ignores that, as set forth in Section II.I.2 above, it was required to obtain a
stormwater permit for its construction activities.

11

Third, HDF claims without any authority whatsoever, that the Poipu Bay Golf Course
“uses fertilizer which contributes nitrogen and phosphorous to the marine environment.” DEIS

Second, HDF falsely asserts that there is “a slight odor when the reclaimed water is
sprayed, which is more noticeable at the first three holes because of the higher concentration of
reclaimed water. The irrigation of effluent within the recreational area also creates an odor close
to the resort.” DEIS at 4-85, Appendix J at III-12. Putting aside the highly subjective nature of
the assertion, the assertion is not correct. Kawailoa has not received any complaints from hotel
guests or workers related to odors from irrigation. Moreover, there is no reason why the first
three holes would smell any differently than the other holes. The underlying premise of the
assertion is false since the first ten holes utilize the same water as the first three holes.

First, contrary to assertions from HDF, it is not true that stream water is mixed with
reclaimed water from the Poipu Bay Golf Course and water from the Waita Reservoir for
irrigation. DEIS at 4-83. No stream water is used for irrigation at the Poipu Bay Golf Course.

The DEIS makes a number of misstatements about Kawailoa.

L.

That HDF has already conducted site work that is part of and necessary to the
construction of its Dairy shows that HDF makes no pretense of complying with Chapter 343.
The DEIS is not in compliance with Chapter 343.

(Emphasis added). HDF has obtained discretionary consents and approvals including but not
limited to its waste management plan, conservation plan, Individual Wastewater System permit
and Section 404 exemption, which all required a decision using “judgment and free will” and
which in turn, triggered the EIS process.

“Approval” means a discretionary consent required from an agency prior to actual
implementation of an action. Discretionary consent means a consent, sanction,
or recommendation from an agency for which judgment and free will may be
exercised by the issuing agency, as distinguished from a ministerial consent.
Ministerial consent means a consent, sanction, or recommendation from an
agency upon a given set of facts, as prescribed by law or rule without the use of
judgment or discretion.

Repeating the same incorrect statements without more does not make such statements
correct. There have been environmental triggers. The actions taken by the agencies are
“approvals” within the meaning of Chapter 343. “Approval” is a defined term, as follows:
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Regarding direct effects of operations, the HDF’s expenditure impact is approximately $8 million
and employment impact is 5 farm jobs which BRG assumes are full-time equivalent (“FTE”)
positions. Using even the low impact scenario for comparison, BRG estimates that the potential
direct loss of expenditures and jobs at the GHK due to odor and pest problems from HDF’s
operations is approximately $23 million and 146 FTEs. The potential cost of the likely nuisances

x

Appendix J of DEIS, at p. III-8.

BRG compared the estimated economic impacts in the DEIS to the impacts to the GHK and, in
some categories, to Kaua‘i and the state of Hawai‘i, that the DEIS fails to address. The comparison
summarized in Exhibit 1 demonstrates that the potential negative impacts of the HDF exceed the
benefits estimated in the DEIS by a wide margin.

x

Tourism is important to Kaua῾i and to Po‘ipū in particular. Available studies document the substantial
potential impacts from noxious odors and pests on the selection of tourist destinations and accommodation
choices. Tourist destinations and accommodation choices are particularly sensitive to negative on-line or
word of mouth reviews. The current DEIS fails to address these impacts adequately even though HDF
recognizes that nuisances from the facility might reach properties 3 miles away.1

Based on our analysis, BRG finds that:

Berkeley Research Group (“BRG”) was asked by Goodsill Anderson Quinn & Stifel LLP on behalf of its
client, Kawailoa Development LLP, to review and evaluate the economic impacts reported in the DEIS.
BRG was also asked to identify and address the major deficiencies, if any, in the existing economic impact
analysis in the DEIS. BRG finds that the DEIS largely ignores the potential economic impacts of the
proposed Dairy on tourism in Kaua‘i generally and the impacts to the GHK specifically. This
memorandum presents the BRG assessment of those potential impacts. BRG considered the analyses
submitted by HDF, other publicly available materials, a survey of guests at the GHK, and other business
documents from GHK for the assessment.

Hawai‘i Dairy Farms, LLC (“HDF”) proposes to establish a dairy farm on Kaua‘i (“HDF” or “Dairy”) to
increase current local milk production and reduce reliance on imported milk from the mainland United
States. The proposed location of the HDF is less than 2 miles from the Grand Hyatt Kauai Resort (“GHK”).
HDF prepared and submitted a Draft Environmental Impact Statement (“DEIS”) pursuant to Hawai‘i
Revised Statutes, Chapter 343, Environmental Impact Statement Law and Chapter 200, Title 11 of the
Hawai‘i Administrative Rules regarding the proposed facility.

I.
x
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There are also substantial potential tax implications of the likely odor and pest impacts of the HDF.
Recognition of the tax credit for HDF implies a negative state tax revenue position if it operates.
Adding to this burden on state tax revenues, the visitor expenditures threatened by the HDF
operations result in a potential further loss of state taxes of approximately $1.6 million under the
low scenario.

created by the HDF increases by another approximately $8 million and 49 FTEs when the statewide indirect sales and employment driven by the visitor expenditures at the GHK are considered.

GHK (Annual)
Low Impact
High Impact
Survey Impact

Net Tax Impact

GHK (Annual)
Low Impact
(146)
High Impact
(265)
(337)
Survey Impact
Indirect Statewide (Annual)
Low Impact
(49)
High Impact
(89)
Survey Impact
(113)

50,625
650,593
(1,000,000)
$ (298,782)

$

Low Impact
High Impact
Survey Impact

$ (1,611,768)
$ (2,916,027)
$ (3,716,185)

GHK and Indirect (Annual)

Statewide Taxes

5
9

HDF Full Operations (Annual)
Dairy
Indirect Jobs

HDF
HDF County Property
Taxes on Dairy
HDF State Tax Revenues
Tax Credits

24

Construction Jobs
Indirect Employment
Generated by Construction

12

Employment
HDF Development Activities (1 year)

Source:
Appendix J of DEIS, at p. 79, 81-84.
BRG Analysis
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*NOTES
[1] BRG's calculations of the revenue, employment, and tax impacts are comparable to the HDF equivalent economic impacts during full operations.
[2] This figure includes both direct sales from HDF and indirect sales in Kaua'i.
[3] This analysis does not account for induced economic effects.
[4] Low impact values are derived from figures presented in Section V, Subsection A.
[5] High impact values are derived from figures presented in Section V, Subsection B.
[6] Survey impact values are derived from figures presented in Section V, Subsection C.
[7] The HDF values are derived from figures presented in Tables III-2, III-3, III-4, and III-5 of Appendix J of the DEIS. BRG could not locate the indirect impact
assumptions used in Appendix J from the cited source materials. As a result, BRG could not replicate the HDF analysis.

HDF Full Operations (Annual)
Oahu Indirect Sales $1,988,828

HDF Development Activities (1 year) [7]
Indirect Sales
Related
$4,387,500
Less Consumption
(944,548)
Total
$3,442,952

$ (8,047,342)
$ (14,559,336)
$ (18,554,418)

GHK (Annual) [1]
$ (22,992,407)
Low Impact [4]
High Impact [5] $ (41,598,104)
Survey Impact [6] $ (53,012,624)

Statewide Indirect Expenditures [3]

HDF Full Operations (Annual)
$ 8,132,887
Sales [2]

HDF Development Activities (1 year)
Construction
$ 3,750,000
Expenditures
Equipment
Expenditures
1,000,000
Consumption
Expenditures
944,548
Total
$ 5,694,548

Direct Expenditures/Sales

Exhibit 1. Table Summary of the Potential Economic Impacts from HDF

Tourism Is Important To Kaua‘i

Appendix J of DEIS, at p. ES-2.
Appendix J of DEIS, at p. II-9.
Appendix J of DEIS, at p. II-2.
5 Appendix J of DEIS, at p. II-5.
6
Appendix J of DEIS, at p. III-13.
7 Appendix J of DEIS, at p. II-8. Note: “The Grand Hyatt Kaua`i is the closest resort to the dairy site, with 1.6 miles between
the property boundaries.” DEIS at p. 3-2.
8 Appendix J of DEIS, at p. II-8.
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2

In 2015, the 602 visitor units of the GHK represented 54 percent of the hotel plant inventory in
Po‘ipū/Kukui'ula.8 Exhibit 2 reproduces the 2015 visitor plant inventory reported in the DEIS.

The largest share of visitor units on Kaua‘i is located in the Po‘ipū/Kukui‘ula area… Hotels in the
area include the Grand Hyatt Kauai Resort & Spa, Koa Kea Hotel & Resort, and the Sheraton
Kauai Resort. The Grand Hyatt Kauai Resort & Spa is the closest hotel to the proposed Dairy—
about 2.4 miles from the Dairy facilities.6 This resort provides 602 visitor units, and is the largest
private employer on Kaua'i—in 2014, it employed 941 workers.”7

There were 29,400 jobs in Kaua‘i County in 2014…The leisure and hospitality industry represents
the largest proportion of jobs in the County, accounting for 9,300 jobs or 31.6 percent of
countywide jobs.5

x

x

Kaua‘i hosted over 1.11 million visitors in 2014, and visitor expenditures totaled approximately
$1.47 billion, making tourism the dominant industry in the County.4

x

The DEIS also indicates that:

The DEIS acknowledges the importance of tourism for the economy of the region and for Po‘ipū in
particular which hosts approximately 36 percent of the visitor units on Kaua‘i.2 Tourism accounted for
nearly 70 percent of jobs in Kōloa-Po‘ipū.3

II.

11

10

First Hawaiian Bank, “Kauai’s Outlook Buoyed By Strong Tourism,” Economic Forecast, Kauai Edition 2015-2016, at p. 1.
First Hawaiian Bank, “Kauai’s Outlook Buoyed By Strong Tourism,” Economic Forecast, Kauai Edition 2015-2016, at p. 1.
First Hawaiian Bank, “Kauai’s Recovery Will Strengthen in 2014,” Economic Forecast, Kauai Edition 2013-2014, at p. 1.
12 Laney, L. 2009. “Assessing Tourism’s Contribution to the Hawaii Economy,” First Hawaiian Bank, Economic Forecast
Special Report, at p. 6.
13 First Hawaiian Bank, “Kauai’s Recovery Will Strengthen in 2014,” Economic Forecast, Kauai Edition 2013-2014, at p. 1.
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The proposed Dairy is expected to have a significant economic impact on GHK. “HDF is committed to
establishing a herd of up to 699 mature dairy cows, and demonstrating that rotational pasture-grazing is
an economically and environmentally sustainable model for Hawai’i … [HDF] may expand the herd …

III. CAFOs Have Known Impacts That Can Be
Expected To Affect Tourism

The dependence on visitor arrivals makes the Kaua‘i economy highly sensitive to factors that reduce
tourism. For example, during the 2008-2009 recession, total arrivals in Hawai‘i declined by approximately
11 percent. The decline in Kaua‘i exceeded all other Hawaiian Islands and was approximately 20
percent.12 In addition, Kaua‘i suffered greater impacts from the recession to employment than the other
Hawaiian Islands with an estimated 3,500 jobs lost.13

Economic analysis of Kaua‘i indicates that its economy is more dependent on tourism than the other
Hawaiian Islands.9 Annual visitor arrivals divided by the resident population tends to be the highest in the
state.10 The ratio in Kaua‘i is approximately three time as large as the ratio in Oahu.11

Source:
Appendix J of DEIS from Hawai’i Tourism Authority. "2015 Visitor Plant Inventory."

Kauai
Popiu-Kukuiula
Properties Units Properties Units
Apartment Hotel
Bed & Breakfast
12
56
2
24
Condominium Hotel
22
1,387
11
608
Hostel
Hotel
15
2,667
4
1,124
Vacation Rentals*
265
1,800
110
677
Other
4
40
Timeshare
21
2,632
3
625
Total
339
8,582
130
3,058
Island Share
36%

Item

Exhibit 2. Visitor Plant Inventory, Kauai: 2015

15

Appendix J of DEIS, at p. ES-1.
Understanding Concentrated Animal Feeding Operations and Their Impact on Communities, by Carrie Hribar, National
Association of Local Boards of Health, at p. 2.
16
Appendix J of DEIS, at p. III-8.
17 Understanding Concentrated Animal Feeding Operations and Their Impact on Communities, by Carrie Hribar, National
Association of Local Boards of Health, at p. 8.
18
Appendix J of DEIS, at p. III-8.
19 2014. “The Potential Economic Impact of the Salton Sea on the Greater Palm Springs Tourism Industry,” Tourism Economics,
December: 24, at p. 3.
20
Appendix J of DEIS, at p. III-14.
21 Appendix J of DEIS, at p. III-14.
22
Appendix J of DEIS, at p. ES-4.
23 Appendix J of DEIS, at p. III-13.
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The DEIS establishes that the Dairy is in close proximity to the resort properties. The DEIS reports that
resort units are about 1.5 miles from HDF operations.22 In addition, the DEIS states, “[t]he tradewinds
blow across the Dairy property and toward Po’ipu…”23 The DEIS assumes away the potential impacts by
claiming that “[c]onsiderable distances will separate the Dairy from the resorts, commercial areas, homes
and recreational areas. The nearest resort units are about 1.5 miles from a Dairy paddock and about 2.4
miles from the Dairy milking parlor. For the Kōloa town center, the distances from the closest paddock
and dairy facilities are about 2.2 and 2.8 miles, respectively. For homes, the distances are about 1 and 2

The DEIS states the “[p]otential sources of odor from the Dairy include (1) manure deposited by cows in
the milking parlor and holding pens; (2) the two effluent ponds; (3) the irrigation system (which uses
effluent); and (4) the manure deposited directly onto the pasture.” 20 It further states “[t]he majority of
manure (about 90 percent) will be deposited directly onto the pastures where – with the help of cattle
egrets and dung beetles – it will break down quickly and provide nutrients to the pasture.” 21

The DEIS recognizes that “[m]ost CAFOs generate significant odors and other nuisance impacts (flies,
dust, noise, runoff, etc.) that can extend beyond the CAFO property boundaries, thereby affecting nearby
and downwind properties.”18 Nuisance impacts can threaten tourism.19

“The most pressing public health issue associated with CAFOs stems from the amount of manure they
produce.”15 “Most CAFOs generate significant odors and other nuisance impacts (flies, dust, noise, runoff,
etc.) that can extend beyond the CAFO property boundaries, thereby affecting nearby and downwind
properties.”16 In addition to increased odor, “[r]esidences closest to the feeding operations experience a
much higher fly population than average homes.”17

to 2,000 productive dairy cows. For dairy operations with 700 or more milking cows, additional regulatory
review and permitting by the State Department of Health will be required for a CAFO.14 For purposes of
BRG’s assessment, the proposed Dairy has potential impacts similar to those of a CAFO.

26

25

Appendix J of DEIS, at p. ES-4.
Appendix J of DEIS, at p. III-13.
Appendix J of DEIS, at p. III-13.
27
Technical Memorandum, Hawaii Dairy Farm Odor Impact Assessment, Exponent, Inc., July 2016 at p. 28.
28 A Review of the Arthropod-Related Sections of the Hawaiʻi Dairy Farms Draft Environmental Impact Statement, Pacific
Analytics, LLC, July 2016 at p. 12,13.
29
A Review of the Arthropod-Related Sections of the Hawaiʻi Dairy Farms Draft Environmental Impact Statement, Pacific
Analytics, LLC, July 2016 at p. 2.
30
2014. “The Potential Economic Impact of the Salton Sea on the Greater Palm Springs Tourism Industry,” Tourism Economics,
December, at pp. 3 and 24.
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24

Exhibit 3 contains selected statements from studies of CAFO impacts and the DEIS regarding related
nuisances and the economic impacts on communities.

The potential for odors of manure and increased flies are considered significant impacts for attractiveness
to potential resort guests. Other studies have identified reductions in tourism due to odor problems at
tourist destinations. For example, Tourism Economics has studied the decay of the Salton Sea and its
threat to Greater Palm Spring’s tourism. Substantially rising salinity levels of the Salton Sea, along with
runoff from local agricultural operations, has led to a killing off of much of the resident fish population,
resulting in a nuisance bad smell. The increasing occurrence of “bad-smell” events paired with wind
storms have carried the malodorous stench to further regions in California. Harmful pesticides that have
settled on the seabed from agricultural runoff have created bad smells and the potential for toxic dust
storms.30

An odor impact assessment performed by Exponent, Inc. determined that “odorous conditions would often
exist at the Kawailoa properties at levels its visitors would find offensive.”27 Another study found that
biting flies known on Kaua‘i are strong fliers and can migrate long distances up to 4 miles, and possibly
as far as 7.3 miles.28 The report further noted that the DEIS “fails to evaluate the potential impacts of
nuisance flies on nearby properties on Kaua‘i.”29

Other experts do not agree with HDF that “[g]iven the plans for the Dairy and its location, environmental
studies indicate that no noticeable noise, dust, odors, flies, runoff, or other nuisance impacts will extend
to resort, commercial, residential or recreational areas.25 These experts also do not agree that “noticeable
nuisance impacts occurring outside the Dairy property will be limited to the abutting farm and ranch lands
which are owned by Māhāʻulepū Farm, the lessor of the Dairy property.”26

miles away, respectively. And for recreational activities, the distances are about 0.6 mile and 1.3 miles,
respectively.”24
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Sources:
[1] Appendix J of DEIS
[2] Hribar, C. 2010. "Understanding Concentrated Animal Feeding Operations and Their Impact on Communities," National Association of
Local Boards of Health, p. 30.
[3] 2013. "Protecting Your Community From Existing and Proposed Concentrated Animal Feeding Operations (CAFOs)," Midwest
Environmental Advocates, November: p. 60.
[4] 2011. "Rock Prairie Dairy Rapid Health Impact Assessment," Rock County Health Department, May: p. 42.
[5] Socially Responsible Agricultural Project. "Environmental Impact of Factory Farms," available at http://www.sraproject.org/environmentalimpact-of-factory-farms/ (last visited August 13, 2016).

Most CAFOs generate significant odors and other nuisance impacts (flies, dust, noise, runoff, etc.) that can extend beyond the
CAFO property boundaries, thereby affecting nearby and downwind properties. Usually, but not always, property values of homes
near CAFOs are lower than those of similar homes that are not affected by nuisance impacts of CAFOs [1, at p. III-8].
If nuisance impacts were to occur— which is not expected—it could result in reduced tourism, sales, employment, salaries and
wages, property values, personal wealth, State and County tax revenues, enjoyment of homes and recreational activities, etc. As
mentioned previously, 36% of the island’s visitor units are in Po'ipū and Kukui'ula, including the Grand Hyatt Kaua'i Resort & Spa
which is the largest employer in the County [1, at p. III-8].
The odors that CAFOs emit are a complex mixture of ammonia, hydrogen sulfide, and carbon dioxide, as well as volatile and semi
volatile organic compounds (Heederik et al., 2007)...Odors from waste are carried away from farm areas on dust and other air
particles. Depending on things like weather conditions and farming techniques, CAFO odors can be smelled from as much as 5 or 6
miles away, although 3 miles is a more common distance (State Environmental Resource Center, 2004) [2].
CAFO odors can cause severe lifestyle changes for individuals in the surrounding communities and can alter many daily activities.
When odors are severe, people may choose to keep their windows closed, even in high temperatures when there is no air
conditioning. People also may choose to not let their children play outside and may even keep them home from school. Mental health
deterioration and an increased sensitization to smells can also result from living in close proximity to odors from CAFOs. Odor can
cause negative mood states, such as tension, depression, or anger, and possibly neurophysciatric abnormalities, such as impaired
balance or memory. People who live close to factory farms can develop CAFO-related post traumatic stress disorder, including
anxiety about declining quality of life (Donham et al., 2007) [2].
CAFOs generate a number of harmful gases. These gases include ammonia, hydrogen sulfide, methane, and many others...Other
dangerous gases include, but are not limited to, volatile organic compounds (VOCs), methanol (wood alcohol), and particulate matter.
CAFOs release large amounts of particulates, aiding in dispersion of gases, odors and microbes [3].
Concentrated animal feeding operations (CAFOs) have the potential to release a variety and large quantity of emissions including
gases, particulate matter and odors. These emissions are mainly generated from the microbial decomposition of the substantial
amount of feces and urine from the animals, with a smaller contribution due to wastewater from other processes...The list of
potential gases generated and emitted from a CAFO operation...is very extensive [4].
CAFO waste pollutes the air. Liquefied animal waste emits 160 known toxic gases, including hydrogen sulfide, a deadly gas with the
characteristic stench of rotten eggs [5].

Exhibit 3: Selected Statements Regarding CAFO Nuisances and Economic Impacts

BRG Assessment of Nuisance Impacts on Tourism
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The Salton Sea study estimated tourism losses in the first year of impact (2015), between a low-impact
range of 5 percent of loss in tourist spending and a high-impact scenario to be 25 percent loss in tourist
spending. Other events assessed included red tide events in Ft. Walton Beach & Destin, FL (between 1995
and 1999), in which the combined effects lasted 20 months and resulted in a 32.3 percent loss of tourism

An important caveat in assessing these events and their resulting impacts, is that these events are
predominantly temporary or short-term, and assume a duration of impact beginning with the start of the
event, through the time it takes for the local tourism industry to recover to pre-event levels. The proposed
HDF will have a more permanent or long-term effect on GHK and Kaua‘i, thus the impact of the HDF
could likely be more significant than the ranges of business impacts identified in the case studies and
literature that BRG reviewed. However, BRG took a conservative approach, and used reasonable estimates
within the identified range of revenue loss to each tourism economy, as opposed to increasing the potential
effects due to the long-term nature of the proposed HDF.

BRG reviewed a number of case studies and comparable environmental events which had an impact on a
local or regional tourism industry. These events include disasters such as oil spills, harmful algal blooms
(“HABs”) and red tide events, hurricanes and tsunamis, as well as an economic impact study for the
Greater Palm Springs tourism industry as a result of the degradation of the Salton Sea in the Coachella
and Imperial valleys of California.

Using past data for the resort and other publicly available materials, BRG developed three scenarios to
capture the range of uncertainty regarding the economic impacts of the proposed Dairy on the GHK and
Kaua‘i.

V.

HDF fails to conduct a proper analysis of the potential economic impacts on tourism-related expenditures.
Instead, HDF largely assumed that no such impacts will occur from its operations. BRG reviewed
information regarding nuisances and tourism and information from the GHK to assess the potential effects
on GHK revenues, employment, and tax revenue due to the HDF.

The high importance of tourism in Kaua‘i and the demonstrated sensitivity of its economy to changes in
visitor arrivals necessitates a proper analysis of the potential impact of the Dairy on tourism-related
expenditures.

IV. The Analysis In the DEIS Is Insufficient To
Capture the Nuisance Impacts on Tourism

34

Ye, Q., Law, R., & Gu, B. (2009). The impact of online user reviews on hotel room sales, International Journal of Hospitality
Management, 28, 180-182.
Editor eHotelier. (2012, January 16). Online review reputation management trends for hotels in 2012. Sabre Hospitality
Solutions available at http://ehotelier.com/news/2012/01/16/online-review-and-reputation-management-trends-for-hotels-in2012/
35 Ady, M., (2015, September 30). TrustYou Study with AccorHotels shows effect of TripAdvisor reviews on bookings.
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33

http://www.internationalconference.in/XVI_AIC/INDEX.HTM

31 2014. “The Potential Economic Impact of the Salton Sea on the Greater Palm Springs Tourism Industry,” Tourism Economics,
December: 24, at p. 6.
32
Singh, D., Torres, E., (2015, January). Hotel online reviews and their impact on booking transaction value.
XVI Annual Conference Proceedings January, 2015. ISBN no. 978-81-923211-7-2. Retrieved July 7, 2016 from

Separately, a 2015 study reports that 95 percent of travelers report using travel reviews regularly to make
booking decisions.35 “For instance, a Cornell study found that a one-point increase in reputation (based

A 2015 report reviewed and discussed numerous literature sources published on the impact of guest
perception to a hotel’s sales, ADR, and traffic to a property’s site. 32 Other analyses developed a
mathematical model to explain the impact of user generated comments on hotel sales and profitability,
and discovered that a 10 percent improvement in reviews led to a 4.4 percent increase in sales.33 A separate
report finds that “a one-point increase in a review score equates to a 9 percent increase in ADR.”34

BRG also considered the impact of guest perception of a hotel, as “perceptions dramatically effect traveler
behavior as leisure travel is highly discretionary and alternative destinations are readily available. The
slightest misperception of risk or the effects of a disaster can fundamentally shift travel patterns.”31

From the aforementioned sources, BRG developed three reasonable scenarios of impact due to the
proposed HDF, including a low-impact scenario, a high-impact scenario, and an impact scenario based
upon the results of the Market Trends Pacific, Inc. GHK Guest Survey. The only revenue drivers which
BRG estimated to fluctuate based on potential nuisances, were Occupancy and Average Daily Rate
(“ADR”), as these are the two key revenue drivers of a hotel and the factors which are most directly
impacted by any set of economical or environmental factors. These factors reflect a conservative estimate
of the potential loss of visitor expenditures which likely would also include gifts and non-resort
expenditures.

In addition to the published case studies which BRG reviewed, BRG examined historical performance
figures of GHK reported to Smith Travel Research, in the form of monthly STAR Reports, as well as other
financial information made available.

related revenue; red tide events in Lee County, FL (2005) which caused a 25 percent loss of gross revenue;
and a red tide event in Galveston, TX (2000) which caused an average loss of 16.5 percent, with revenue
losses as high as 29.5 percent.

bookings-2
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36 Ady, M., (2015, September 30). TrustYou Study with AccorHotels shows effect of TripAdvisor reviews on bookings.
TrustYou. Retrieved on July 7, 2016 from http://www.trustyou.com/press/trustyou-study-accorhotels-shows-effect-tripadvisor-reviews-

bookings-2

TrustYou. Retrieved on July 7, 2016 from http://www.trustyou.com/press/trustyou-study-accorhotels-shows-effect-tripadvisor-reviews-

During the years of the 2008 recession, ADR rates at GHK declined to $332.5 in 2009 and remained at
that level through 2011, until slightly rising to $338.6 in 2012 and finally beginning to recover in 2013 to

In the high-impact scenario, BRG also uses a combination of published case studies and literature, but
primarily considers the actual effects of the 2008 recession, and the resulting impact on GHK’s
performance. Between 2008 and 2009, GHK saw Occupancy levels drop from 80.3 percent to 69.6 percent
(a 13.3 percent decline), and from 69.6 percent to 52.4 percent between 2009 and 2010 (a 24.7 percent
Year-over-Year decline and 34.7 percent for the two-year period 2008 to 2010).

B. HIGH IMPACT SCENARIO

The previously mentioned case studies on the impact of nuisance bad smell from red tide events, cite a
range of revenue loss between 15 percent and 32 percent, over various time durations. Thus, as occupied
rooms are the primary revenue driver at a hotel, estimated 10 percent declines in occupied rooms and the
ADR under a low-impact scenario are reasonable and conservative assumptions.

In the low-impact scenario, BRG assumed a 10 percent loss in Occupancy, or Occupied Rooms, and a 10
percent reduction in ADR. This assumption is in line with the methodology discussed in the
aforementioned literature with respect to guest perception and effect on ADR, a one-point decrease in
review rating (due to negative reviews from the effects of proposed HDF) could reasonably equate to a 10
percent reduction in ADR at GHK, or the room rates that GHK would be able to charge guests and remain
somewhat competitive. Further, Occupancy is the well-recognized revenue driver which is most subject
to the impact of guest perception and booking decisions.

A. LOW IMPACT SCENARIO

on a five-point scale) may result in a hotel’s ability to raise room rates up to 11.2 percent. A TrustYou
heat mapping study found that given equal prices travelers are 3.9 times more likely to choose a hotel with
a higher review score. And, even when hotel prices are increased for hotels with better review scores,
travelers are more likely to book the hotel with the higher score despite the higher rate. In fact, 76 percent
of travelers said they were willing to pay more for a hotel with higher review scores.”36

37

See Appendix: Summary of Grand Hyatt Kauai Guest Survey, Market Trends Pacific, Inc.
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With respect to ADR, BRG uses the assumptions under the high-impact scenario adjusting rates to the
$332 range during the 2008 recession period. This is a conservative estimate, since the survey indicated
that when asked “Suppose at the Grand Hyatt Kauai during your stay you experienced strong odors, flies
or other issues such as ocean contamination related to the dairy farm, what would you do?”,38 percent of
respondents said they would ask for a discount on their room rate.

After analyzing the information provided by the survey, under the survey scenario, BRG estimated a 35.8
percent drop in hotel occupancy; (27 percent repeat guests x 46 percent won’t return) + (73 percent firsttime guests x 64 percent used some sort of online review or outside input to influence their booking
decision x 50 percent). Note that although 64 percent of first-time guests were influenced by one of the
aforementioned factors in making their booking decision, BRG decided to apply a 50 percent curtailment
on the application of this metric, as it is conservative to estimate that all of these respondents may not
avoid staying at the GHK due to the reviews.

The survey results provided additional insights that are useful in the formation of the third impact scenario,
or “survey scenario.” Responses indicated that 73 percent were first-time guests of GHK, and 27 percent
were repeat guests. Of the first-time guests, 64 percent reported using either a travel consultant or travel
agent, an online travel or review site, or a word-of-mouth recommendation, while planning and making
their booking decision, thus negative reviews would strongly impact future bookings.

In a third scenario, BRG focused on the results of the Market Trends Pacific, Inc. GHK Guest Survey,37
which was conducted between May and June 2015. The survey, which covered 362 guests, revealed that
the proposed HDF could have substantial effects on the Grand Hyatt Kauai. When provided with a
description of the proposed HDF, 46 percent of respondents would not or were not sure they would return
to the hotel. The primary reason for guests stating they would not return to the GHK was odors and flies
from cow manure.

C. SURVEY RESPONSE SCENARIO

$357.9. Therefore, in the high-impact scenario, BRG used ADR of the $332 range, the rate earned during
the 2008 recession period.
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Information from the state’s inter-county input-output model is used to simulate the output, employment,
and state tax consequences from the change in economic activity at the GHK under the three scenarios
described above. The state model provides multiplier values that can be used to estimate the indirect and
induced effects for all Hawaiian Islands when there is a change in economic activity on any one of the
islands. The inter-county input-output model provides multipliers for changes in visitor expenditures in
Kaua‘i. Exhibit 4 shows the multiplier values used in the BRG simulations. Output and state tax multipliers
for VE do not vary by year. BRG, however, conservatively uses the VE employment multiplier for 2020
as it reflects the mid-point for the 5-year operations period of the HDF following its development
activities.

To understand the broader implications of a loss of visitor expenditures at the GHK, BRG uses information
from the Department of Business, Economic Development, and Tourism (“DBEDT”) in Hawai‘i to
investigate the indirect output, employment, and state tax impacts. DBEDT maintains input-output models
for the state and counties that contain a comprehensive set of accounts of sales and purchases of goods
and services among the producing industries, final consumers (households, visitors, exports, and
government), and resource owners (labor, capital, and land). Input-output models can be used to
investigate the related and subsequent impacts on all industries in an economy following a change in
expenditures in a given industry or sector category such as visitor expenditures (“VE”). Impacts include
changes to business sales, employment, and state tax revenue. Impacts are direct, indirect through the
change in sales in related industries, and induced through the effects on household spending that results
from employment and earnings effects. The indirect and induced impacts are often referred to as “ripple”
effects of the direct change in economic activity. Multipliers are values that capture the combined
implications of the direct, indirect, and induced effects.

D. OUTPUT, EMPLOYMENT, AND STATE TAX EFFECTS

0.070
0.022

Taxes:
State-level
Direct and Indirect Revenue State
Induced Revenue

Employees per $1 million
(2013-2015 GHK average)

Results of the BRG Assessment

t h i n k b r g . c o m | 16

Under the low-impact scenario, the minimum impact estimated to the GHK in the first year is an impact
to hotel revenue of $23.0 million, which equates to a 19.0 percent decline from projected revenue in the
baseline year. The total economic impact on revenues, including indirect and induced revenue, could total
$42.3 million in the first year of impact. As a result, the employment impact at GHK is estimated to be

First Year of Impact:

A. RESULTS

VI.

Sources:
2016. "The 2012 Hawaii State Inter-County Input-Output Study," State of Hawaii, May: 33, 35;
and 2012-County-I-O-Detailed.xlsx available from
http://dbedt.hawaii.gov/economic/reports_studies/2012-inter-county-io/ ; and BRG analysis.

6.360
1.000
0.340
0.440

1.000
0.350
0.490

Direct Count of Job Loss
Direct
Indirect
Induced

Employment Factors:

Direct Revenue
Indirect Revenue
Induced Revenue

Revenue Factors:

Exhibit 4: Multipliers

State Taxes:
Direct & Indirect - Hotel Revenue
Induced
Total State Taxes

Employment Impact:
Direct
Indirect
Induced
Total Employment Impact

Indirect Revenue
Induced Revenue
Total Revenue Impact

Total GHK Revenue Impact

770
259
339
1,367

623
210
274
1,108

$ (1,611,768)
$ (494,337)
$ (2,106,104)

(146)
(49)
(64)
(260)

$ (8,047,342)
$ (11,266,279)
$ (42,306,028)

505
170
222
897

432
146
190
768

$
$
$

(3,716,185)
(1,139,771)
(4,855,956)

(337)
(113)
(148)
(599)

$ (18,554,418)
$ (25,976,186)
$ (97,543,227)
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$ (2,916,027)
$ (894,359)
$ (3,810,386)

(265)
(89)
(116)
(470)

$ (14,559,336)
$ (20,383,071)
$ (76,540,511)

Low Impact
High Impact
Survey Impact
Baseline
Scenario
Difference
Scenario
Difference
Scenario
Difference
$ 121,012,666 $ 98,020,259 $ (22,992,407) $ 79,414,562 $ (41,598,104) $ 68,000,042
(53,012,624)

First Year Impact

The following table illustrates the first-year impact calculated by BRG, in each of the low-impact, highimpact, and survey scenarios.

Finally, in the survey impact scenario, the direct impact on hotel revenue at GHK could exceed $53.0
million, a decline in projected property revenue of 43.8 percent. The total economic impact on revenues
could expand to $97.5 million, when considering the indirect and induced effect. Under the survey
scenario, the employment impact to GHK directly is estimated at 337 jobs due to the potential decline in
operational revenue, and a total employment impact to the economy could reach 599 jobs. The impact on
local and state tax revenues could be $4.9 million in the first year of impact.

In the high-impact scenario, the impact on revenues to GHK in the first year of impact could be as great
as $41.6 million, or a 34.4 percent decline, with the total economic impact of revenues reaching $76.5
million. The employment impact could be 265 jobs directly to GHK, and 470 jobs in total to the local and
state economy. The total impact on taxes to the state could be $3.8 million.

146 jobs, with the total employment impact potentially reaching 260 jobs in the first year of impact. The
total impact on state and local taxes is estimated to equal $2.1 million.

781
263
344
1,388

$ 611,751,616

State Taxes:
Direct & Indirect - Hotel Revenue
Induced
Total State Taxes

Employment Impact:
Direct
Indirect
Induced
Total Employment Impact

Indirect Revenue
Induced Revenue
Total Revenue Impact

Total GHK Revenue Impact

Baseline

633
213
279
1,124

$
(8,147,920)
$
(2,499,005)
$ (10,646,925)

(148)
(50)
(65)
(264)

$ (40,681,482)
$ (56,954,075)
$ (213,868,365)

513
173
226
911

$ (14,741,302)
$
(4,521,227)
$ (19,262,529)

(269)
(90)
(118)
(477)

$ (73,601,366)
$ (103,041,913)
$ (386,932,897)

439
148
193
780

$ (18,786,316)
$
(5,761,851)
$ (24,548,167)

(342)
(115)
(151)
(608)

$ (93,797,581)
$ (131,316,614)
$ (493,107,284)

Survey Impact
Scenario
Difference
343,758,527 $ (267,993,089)
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Low Impact
High Impact
Scenario
Difference
Scenario
Difference
$ 495,518,809 $ (116,232,807) $ 401,461,998 $ (210,289,618) $

Cumulative Five-Year Impact

In the survey impact scenario, based upon actual GHK guest feedback, the cumulative five-year impact to
GHK could result in an impact of $268.0 million to direct hotel revenues. The total economic impact on
revenues could rise to $493.1 million. The five-year cumulative direct employment impact on GHK is
estimated to be 342 jobs, while the total employment impact could be 608 jobs. The cumulative five-year
impact on local and state tax revenues could be in excess of $24.5 million. The below table shows a
summary of the cumulative five-year impact of the proposed HDF.

If the effects of the proposed HDF resulted in conditions under the high-impact scenario, the cumulative
five-year impact on direct hotel revenues to GHK could be $210.3 million, resulting in a total economic
impact of $386.9 million, including indirect and induced revenues. The direct employment impact could
be 269 jobs, with a total of 477 jobs impacted in the local and state economy. The total impact on tax
revenues to the state could exceed $19.3 million over five years.

In the low-impact scenario, the cumulative five-year impact on direct hotel revenues at GHK could reach
$116.2 million, with the total economic impact exceeding $213.9 million. 148 jobs could be directly
impacted at GHK, with a total employment impact to the local and state economy of 264 jobs. The total
impact on state and local taxes could surpass $10.6 million.

Five-Year Cumulative Impact:
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VII.

BRG uses the scenario descriptions to reflect uncertainly regarding the potential loss of visitor
expenditures to Kaua‘i and Hawai‘i due to odor and pest nuisances from the HDF. Implicit in the analysis
is the assumption that the lost expenditures at the GHK are not gained at other tourist destinations in
Kaua‘i or elsewhere in the state.

219,730 room nights annually. Occupancy reported to STR is believed to be assumed over a full 602 room
universe and not a lesser available room inventory at any point in time.

Any room closures during the significant renovations in 2010, nor any other year, should in theory have
no impact on the number of occupied rooms used in BRG calculations, and further, no impact on the
Room Revenues calculated, since the assumption is that the available room inventory remains constant at

An important caveat in our assessment was that GHK does not keep track of rooms out of inventory or
closed during renovations or for seasonality purposes, thus the available room universe is treated as the
number of physical rooms (602) multiplied by 365 days in the year. Occupied rooms calculated in BRG’s
assessment are therefore based on the Occupancy and ADR statistics that are reported by GHK to Smith
Travel Research. Because full and actual financial statements were not available to BRG, we developed a
reasonable expectation of Room Revenue based on the information provided through STAR Reports
(Occupancy, ADR, and RevPAR) and our understanding of the available room inventory methodology
employed at the property.

Caveats:

In developing the five-year baseline business projection for GHK, under normal and un-interrupted
business circumstances, BRG considered historical data provided in the STAR Reports (Smith Travel
Research) on GHK, the market tract of all hotel properties in Kaua‘i, and the direct competitors identified
by GHK as the “Comp Set.” Specifically, BRG took the average Occupancy growth during the stabilized
business period of 2013 through 2015 (1.0 percent) and applied this growth to our first baseline projection
year, 2017. In 2018 we slowed the growth rate to 0.5 percent, then to 0.25 percent in 2019, and leveling
off with no growth in 2020 and beyond. BRG used a conservative approach of only growing GHK’s ADR
in the first baseline projection year, 2017, by 1.0 percent, by 0.5 percent in 2018, 0.25 percent in 2019,
and stagnant with no growth in 2020 and beyond. A comparable ADR growth rate for luxury class hotels
tracked in the STAR Reports in the 2012 to 2015 period is approximately 5 percent.

Developing Five-Year Baseline Projection:

BRG was provided with the STAR Report through May 2016, which was the most recent available at the
time of engagement. In order to develop a reasonable projection of 2016 full-year results, BRG analyzed
the monthly Occupancy and ADR historical five-year trends. BRG analyzed the ratio between the May
YTD Occupancy and ADR, and the complete year Occupancy and ADR, in each year 2011 through 2015,
which accounts for seasonal fluctuations in Occupancy and ADR. Using the average of the annual ratios
for the five year period, BRG extrapolated the results through May to the end of 2016.

Developing 2016 Annual Projection:

B. ASSUMPTIONS OF THE MODEL

Appendices
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The following exhibits show the baseline five-year projections for the GHK, developed by BRG based on
the methodology described in Section 6.B, and the resulting potential impacts of the proposed HDF,
annually, in each of the three respective impact scenarios.

A. FIRST-YEAR AND FIVE-YEAR FORECASTS

VIII.
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Understanding Concentrated Animal Feeding Operations and Their Impact on Communities, by Carrie
Hribar, National Association of Local Boards of Health.

Technical Memorandum, Hawaii Dairy Farm Odor Impact Assessment, Exponent, Inc., July 2016.

Employment Impact:
Direct
Indirect
Induced
Total Employment Impact

(148)
(50)
(65)
(262)

2018
$ 99,002,912
$ 122,225,818
$ (23,222,905)
$ (8,128,017)
$ (11,379,224)
$ (42,730,146)

(148)
(50)
(65)
(264)

2019
$ 99,498,546
$ 122,837,711
$ (23,339,165)
$ (8,168,708)
$ (11,436,191)
$ (42,944,064)

781
263
344
1,388

(148)
(50)
(65)
(264)

2020
$ 99,498,546
$ 122,837,711
$ (23,339,165)
$ (8,168,708)
$ (11,436,191)
$ (42,944,064)

781
263
344
1,388

(148)
(50)
(65)
(264)

2021
$ 99,498,546
$ 122,837,711
$ (23,339,165)
$ (8,168,708)
$ (11,436,191)
$ (42,944,064)

781
263
344
1,388
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$ (1,611,768) $ (1,627,926) $ (1,636,075) $ (1,636,075) $ (1,636,075)
$
(494,337) $
(499,292) $
(501,792) $
(501,792) $
(501,792)
$ (2,106,104) $ (2,127,218) $ (2,137,868) $ (2,137,868) $ (2,137,868)

(146)
(49)
(64)
(260)

Total Hotel Revenue
Baseline Hotel Revenue
Impact on Hotel Revenue
Indirect Revenue
Induced Revenue
Total Revenue Impact

State Taxes:
Direct & Indirect - Hotel Revenue
Induced
Total State Taxes

777
262
342
1,381

Five-Year Forecast Table - Low Impact

770
259
339
1,367

2015
2016
2017
$ 116,902,969 $ 118,628,238 $ 98,020,259
$ 121,012,666
$ (22,992,407)
$ (8,047,342)
$ (11,266,279)
$ (42,306,028)

Five-Year Forecast – Low Impact:

Socially Responsible Agricultural Project. "Environmental Impact of Factory Farms," available at
http://www.sraproject.org/environmental-impact-of-factory-farms/ (last visited August 13, 2016).

Market Trends Pacific, Inc., “Summary of Grand Hyatt Kauai Guest Survey” (July 2016).

Singh, D., Torres, E., (2015, January). Hotel online reviews and their impact on booking transaction value.

Total Hotel Revenue

Five-Year Forecast Table - Baseline
2015
2016
2017
2018
2019
2020
2021
$ 108,342,399 $ 116,902,969 $ 121,012,666 $ 122,225,818 $ 122,837,711 $ 122,837,711 $ 122,837,711

Five-Year Forecast Baseline:

Employment Impact
Direct
Indirect
Induced
Total Employment Impact

Laney, L. 2009. “Assessing Tourism’s Contribution to the Hawaii Economy,” First Hawaiian Bank,
Economic Forecast Special Report.

Hribar, C. 2010. "Understanding Concentrated Animal Feeding Operations and Their Impact on
Communities," National Association of Local Boards of Health.

(269)
(90)
(118)
(477)

2019
$ 80,612,248
$ 122,837,711
$ (42,225,463)
$ (14,778,912)
$ (20,690,477)
$ (77,694,852)

(269)
(90)
(118)
(477)

2020
$ 80,612,248
$ 122,837,711
$ (42,225,463)
$ (14,778,912)
$ (20,690,477)
$ (77,694,852)

(269)
(90)
(118)
(477)

2021
$ 80,612,248
$ 122,837,711
$ (42,225,463)
$ (14,778,912)
$ (20,690,477)
$ (77,694,852)

(341)
(115)
(150)
(605)

2018
$ 68,681,743
$ 122,225,818
$ (53,544,075)
$ (18,740,426)
$ (26,236,597)
$ (98,521,098)

(342)
(115)
(151)
(608)

2019
$ 69,025,581
$ 122,837,711
$ (53,812,130)
$ (18,834,246)
$ (26,367,944)
$ (99,014,319)

(342)
(115)
(151)
(608)

2020
$ 69,025,581
$ 122,837,711
$ (53,812,130)
$ (18,834,246)
$ (26,367,944)
$ (99,014,319)

(342)
(115)
(151)
(608)

2021
$ 69,025,581
$ 122,837,711
$ (53,812,130)
$ (18,834,246)
$ (26,367,944)
$ (99,014,319)
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$ (3,716,185) $ (3,753,440) $ (3,772,230) $ (3,772,230) $ (3,772,230)
$ (1,139,771) $ (1,151,198) $ (1,156,961) $ (1,156,961) $ (1,156,961)
$ (4,855,956) $ (4,904,637) $ (4,929,191) $ (4,929,191) $ (4,929,191)

Employment Impact:
Direct
Indirect
Induced
Total Employment Impact

State Taxes:
Direct & Indirect - Hotel Revenue
Induced
Total State Taxes

(337)
(113)
(148)
(599)

Total Hotel Revenue
Baseline Hotel Revenue
Impact on Hotel Revenue
Indirect Revenue
Induced Revenue
Total Revenue Impact

Five-Year Forecast Table - Survey Impact

2015
2016
2017
$ 116,902,969 $ 118,628,238 $ 68,000,042
$ 121,012,666
$ (53,012,624)
$ (18,554,418)
$ (25,976,186)
$ (97,543,227)

Five-Year Forecast – Survey Impact:

(267)
(90)
(118)
(475)

2018
$ 80,210,693
$ 122,225,818
$ (42,015,125)
$ (14,705,294)
$ (20,587,411)
$ (77,307,830)

$ (2,916,027) $ (2,945,260) $ (2,960,005) $ (2,960,005) $ (2,960,005)
$
(894,359) $
(903,325) $
(907,847) $
(907,847) $
(907,847)
$ (3,810,386) $ (3,848,585) $ (3,867,852) $ (3,867,852) $ (3,867,852)

(265)
(89)
(116)
(470)

Employment Impact:
Direct
Indirect
Induced
Total Employment Impact

State Taxes:
Direct & Indirect - Hotel Revenue
Induced
Total State Taxes

2015
2016
2017
$ 116,902,969 $ 118,628,238 $ 79,414,562
$ 121,012,666
$ (41,598,104)
$ (14,559,336)
$ (20,383,071)
$ (76,540,511)

Five-Year Forecast Table - High Impact

Total Hotel Revenue
Baseline Hotel Revenue
Impact on Hotel Revenue
Indirect Revenue
Induced Revenue
Total Revenue Impact

Five-Year Forecast – High Impact:
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38
Market Trends Pacific, Inc. is market research provider. It designs and conduct consumer attitude
studies based upon a variety of data collection techniques, including survey interviews.

If strong odors, flies or ocean contamination issues were mentioned in news articles or online reviews,
65 percent of the guests would choose another hotel or were not sure where they would spend their
vacation. Further, when asked, “Suppose at the Grand Hyatt Kauai during your stay you experienced
strong odors, flies, or other issues such as ocean contamination related to the dairy farm, what would you
do?,” 38 percent of respondents said they would ask for a discount on their room rate. Since 64 percent
of first-time guests reported using either a travel consultant or travel agent, an online travel or review site,
or a word-of-mouth recommendation, while planning and making their booking decision, negative reviews
would strongly impact future bookings. In addition, the effects go beyond the Grand Hyatt Kauai as 28
percent would choose a different hotel outside of Poipu and 13 percent would stay on a different island.
The harm would therefore not be limited just to the Grand Hyatt Kauai, but would extend to all of Kauai.

In contrast, when provided with a description of Hawaiʻi Dairy Farms’ proposed dairy, 46% would
not or were not sure they would return to the hotel, and 48% would not or were not sure they would return
to the Poipu area. The primary reason for guests stating they would not return to the Grand Hyatt Kauai
or to Poipu was odors and flies from cow manure.

Guest satisfaction at the hotel is high, with 92 percent stating they are likely or somewhat likely to
select the Grand Hyatt Kauai for their next visit to Kauai, and 98 percent stating they are very likely or
somewhat likely to recommend the hotel.

Of those surveyed, over half identified the Grand Hyatt Kauai as a primary or very important reason
to be in the Poipu area. The majority of guests surveyed – 73 percent – were first-time visitors to the
Grand Hyatt Kauai, and 56 percent identified the hotel as a primary reason for choosing to stay in Poipu.
Indeed, if the Grand Hyatt Kauai was not available during desired travel dates, 28 percent of respondents
would not or were not sure they would stay in Poipu during their next visit to Kauai. Being outdoors is
also important to the guests. The majority – 81 percent – spend time at the Grand Hyatt Kauai’s outdoor
facilities at least once per day. Additionally, 83 percent stated that they would patronize the on-site
restaurants, 54 percent would use the spa and fitness center, and 60 percent would utilize other outdoor
activities, such as the hotel bars.

In May and June 2015, Market Trends Pacific, Inc.38 conducted a survey of guests at the Grand Hyatt
Kauai. The survey demonstrated two things. First, the hotel is a significant contributor to tourism, and
second, hotel guests would not return if the dairy farm were to be built. The survey covered 362 guests.

B. SUMMARY OF GRAND HYATT KAUAI GUEST SURVEY, MARKET
TRENDS PACIFIC, INC.
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The Hawai‘i Dairy Farm (HDF) submitted a Draft Environmental Impact Statement (DEIS) that,

Concentrated animal feeding operation

CAFO
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1

sources than what was evaluated in the DEIS.

(2) the odor impacts on the Kawailoa property using more appropriate odor emission

in a resort area, and

strengths as the DEIS, but evaluated with an appropriate odor threshold for a tourist population

(1) the odor impacts on the Kawailoa property using the same emission sources and

purpose of the odor modeling was to determine

reviewed. Based on this review, the odor modeling performed in the DEIS was updated. The

odor threshold used by the DEIS as well as the emission sources and their odor strengths were

Golf Course are located on property owned by Kawailoa. As part of this study, the basis for the

to predict the odor impacts of the proposed HDF. The Grand Hyatt Kauai and the Poipu Bay

behalf of Kawailoa Development LLP (“Kawailoa”) to conduct air quality dispersion modeling

Exponent, Inc. (“Exponent”) has been retained by Goodsill Anderson Quinn & Stifel LLP on

boundary.

dairy farm would not exceed what they identified as applicable thresholds outside of the facility

modeling described in Appendix I of the DEIS (Arcadis, 2016) concluded that the odor from the

among other issues, addressed the potential odor impacts at off-site locations. Air quality

1 Introduction

Acronyms and Abbreviations

2

property could exceed the 2 OU/m3 odor threshold. Values could possibly be as high as

suggest that during at least 450 hours each year HDF odor impacts at the Kawailoa

Our modeling results with our worst-case and lowest-case odor emissions estimates

be in excess of the 2 OU/m3 odor threshold.

property with a herd size of 699 cows would be as high as 30 OU/m3. These would still

emission periods the maximum 15-minute averaged concentrations at the Kawailoa

application of slurry or irrigation with effluent. We estimate that even during these low

The lowest odor emissions from HDF would occur on hours when there is no fresh

odor emissions.

150 OU/m3 were predicted on the Kawailoa property using our estimated worst-case

property. For a herd size of 699 cows, 15-minute averaged odor concentrations up to

from the dairy indicate much larger maximum odor concentrations on the Kawailoa

Air quality dispersion modeling that we conducted with more appropriate odor emissions

threshold of 2 OU/m3 averaged over 15-minutes.

the Kawailoa property. These predicted concentrations are much larger than the odor

699 cows, odor 15-minute averaged concentrations up to 25 OU/m3 were predicted on

indicated that objectionable odors would reach the Kawailoa property. For a herd size of

Air quality dispersion modeling which used the same odor emissions as in the DEIS

grossly underestimated the odor strengths from several sources.

had received effluent irrigation or slurry in the hours before the one being modeled and

underestimated. For example, HDF failed to include the odor emissions from fields that

The odor emissions for some sources that were used in the DEIS were significantly

locations, 2 OU/m3 averaged over 15 minutes, was adopted for our analyses.

A threshold odor concentration used by a number of government agencies for sensitive

authority or agency. Odors are perceived over much shorter time periods than one hour.

The DEIS odor threshold being used has not been adopted by any governmental

impacts is not appropriate for a sensitive population such as hotel guests at a resort area.

The odor threshold of 6.5 OU/m3 averaged over one hour used in the DEIS to evaluate

1501952.000 - 4868
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2 Summary of Findings
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conditions that visitors at the Kawailoa properties would likely find offensive.

150 OU/m3 during hours with worst-case emissions. These impacts could result in

sizing of the pond system. The emission factors used in the DEIS to represent the settling pond
and storage pond (8.1 OU/m2/s) were referenced to come from Feitz 2002 as documented in
Dairy Australia (2008). The Feitz 2002 reference listed in the Dairy Australia document is cited
as “per. corr., UNSW” which is understood to mean “personal correspondence”. This personal
correspondence reference does not allow for any evaluation of its applicability to the facility
being modeled.

Odors can be related to a number of different chemicals present in the air. Manure produces

dozens to hundreds of odor producing chemicals with some chemicals being more detectable in

combination than alone. As a result, no individual measurement of chemical concentrations can

universally be applied to calculate odor impacts. Typically, odors are quantified using

olfactometry, where a trained panel of testers is used to determine how many dilutions are

necessary before an odor becomes imperceptible. A value of 1 odor unit (OU) is assigned to the

others including the values used in the OFFSET model (Jacobson, 2005; Idaho 2004). Given
the currently available literature for effluent pond emission rates, the values used in the DEIS

would differ from many large dairy facilities, care must be taken to ensure the emissions factors

used are from activities as similar as possible to what is proposed for the HDF.

pasture land. Given the large land areas to be irrigated, effluent application represents a very
significant source of potential odor emissions. Concerns have been raised recently about the
practice of using dairy farm effluent in sprayed irrigation water. For example, Wisconsin
established a working group to provide guidance on the use of manure irrigation (Genskow
2016). Other reports have cited the potential for significant odor and pathogenic emissions from
this practice both during and after applications (Krantz 2007, Casey 2006).

facilities. Other odor emission rates for dairy barns available in the literature are generally

similar in magnitude to the cited value from the OFFSET model (Sheffield 2004, Wood 2001).

The milking barn proposed at HDF will not be used as the primary housing facility for the dairy

cattle. Although emission factors for free-stall barns assume that cows will spend more hours

per day within the barn than would be the case at the HDF facility, it is assumed that the milking

barn has been sized appropriately for the number of cows to be housed within it at any given

1501952.000 - 4868
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effluent applied to fields. Instead, the DEIS used the storage pond emissions rates reduced by a

The odor emission rates used in the DEIS modeling are not based on emission factors for

effluent from the storage pond and would spread the liquid effluent across a large portion of the

time. Therefore, the emission factors which are provided on an odor unit per square meter basis

At HDF, it is proposed that irrigation water sprayed from two center pivots would include

OFFSET model is a well-recognized reference for odor emissions from animal housing

3.1.3 Irrigation

appropriately sized and properly maintained.

Feedlots – Setback Estimation Tool (OFFSET) developed at the University of Minnesota. The

values for free stall dairy buildings (Jacobson et al, 2001) which are used in the Odor from

The emission factors used in the DEIS to represent the milking barn and calf sheds are based on

model appear reasonable and appropriate if the settling pond and storage pond have been

The value of 8.1 OU/m2/s used in the HDF DEIS modeling is within the range of values cited by

as well as the manure storage or application method being used. Since the operation of the HDF

3.1.1 Dairy Barn Facility

emissions from lagoons that are not properly sized or maintained can be higher (Iowa 2006).

to vary spatially across a pond by as much as a factor of ten (Dairy Australia 2008) and

Odor emissions from dairy manure can be affected by factors including animal diet and climate

commonly will include values of emissions for different dairy activities in terms of OU/m2/s.

There are large uncertainties in the emissions from storage lagoons. Odors have been reported

Emissions from effluent ponds are highly dependent on the proper design, maintenance and

The nature of odor emissions makes them a quantity that is subject to significant uncertainties.

dilution level when 50% of the trained panelists first detect the odor. Literature references

3.1.2 Settling and Storage Ponds

milking barn and calf sheds.

should be a reasonable and appropriate reference for estimating odor emissions from the HDF

3.1 HDF odor source emissions

3 Odor Sources from Dairy

that process could result in additional higher short-term odor emissions.

1501952.000 - 4868
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November, December and January (if no dry spells occur) to distribute only effluent water.” In

HDF Waste Management Plan (Group 70, 2014) also mentions that “the irrigators can run in

This would yield an emission rate factor of 1.64 OU/m2/s. However, it should be noted that the

justified if fresh water is mixed at a 12:1 ratio with the effluent water as proposed at the HDF.

dropped to about half that rate for times out to 48 hours. Dilution by a factor of 12 is possibly

cow slurry were approximately 19 OU/m2/s for the first three hours after application, and then

emissions were collected using a wind tunnel. Measured odor emissions for separated dairy

which retained the liquid fraction. The liquid was then applied to plots using a watering can and

separated slurries. Separated slurries were passed through a roller press mechanical separator

relatable to the practice proposed at HDF. Measurements were made both for whole and

measured odor emissions from dairy cow slurries applied to grasslands; a situation directly

Grassland and Animal Production in Berkshire UK (Pain 1988). These tests specifically

Tests of odors from land application of slurry have been performed by the Institute for

proposed spraying effluent for irrigation.

explicitly for quiescent storage pond surfaces for its calculation of odor emissions from

no explanation or plausible justification for adopting published odor emission factors developed

layer where odorous compounds would likely exist at higher concentrations. The DEIS offers

irrigation would not be drawn from the top surface of the pond, but rather from a subsurface

more odors than would emit from the surface of a still pond. Furthermore, the water used in

(Pape 2009). The turbulent aeration process caused by spraying also has the potential to release

the air and when they fall on vegetated grass surfaces which have large available surface areas

7

The Hawaii Department of Health (HDOH) sent a letter to Mr. Paul T. Matsuda at Group 70 International on 15
June 2016 (HDOH, 2016) stating that wastewater effluent from the proposed storage pond should not be
distributed via irrigation gun. Presumably, HDOH would also object to distributing manure slurry from the
settling pond via irrigation. Thus, it is not clear that the proposed slurry distribution methodology is feasible
from a regulatory perspective.

1501952.000 - 4868
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the DEIS to support the methodology used. Similarly, there is no justification given for the

relationship with emissions from sprayed slurry. Further, there is no documentation provided in

the slurry. As has been described before, the emissions from a still storage pond have no direct

average of storage pond emissions and manure emissions in order to determine emissions from

The methodology used in the DEIS to calculate emissions from slurry calculates a weighted

radius, will receive slurry during one application process.

approximately 40 to 50 hours. As a result, approximately 15 different areas, each 65 feet in

before the gun is moved to a new location. The total time spent applying slurry will be

DEIS, slurry will be applied to a 65 foot radius area for a period of between 2 and 3 hours

of the regions irrigated by the two center pivots.1 Based on the description provided in the

HDF, a manure waste sludge slurry will be applied with a gun system to specified areas outside

(e.g. via a slurry) (Center for Agricultural Science and Technology, 2011). For the proposed

The greatest odors from dairy farm operations are associated with land application of manure

3.1.4 Spraying of Sludge Slurry (Nutrient Application)

We assumed that drip irrigation would produce no significant odor emissions.

two irrigation pivots. The DEIS stipulates that drip irrigation would be used for these areas.

We did not model odor impacts associated with irrigation of the pasture beyond the range of the

quantify the emissions during the physical spraying process. The turbulence and aeration during

irrigation. One would not reasonably expect identical or even similar odor emission rates.

Spraying will expose a much larger liquid surface to evaporation, both while the droplets are in

having emission reduced by one-half. It is important to note that Pain’s measurements did not

releases from quiescent storage ponds are dramatically different than those involved in spray

modeling must include emissions from the full pivot area, with sectors older than three hours

limited to just the first hour after application and can extend for at least 48 hours. Therefore,

The irrigation process uses water from the storage ponds, but the physical processes of odor

emission rate.

emissions. No justification is given for this assumption in the representativeness of their odor

As discussed above, the tests performed by Pain (1988) demonstrate that emissions are not

higher.

0.675 OU/m2/s. This emission rate was applied only over the area covered by the pivot in a

single hour, suggesting in effect that sectors watered in prior hours would have zero odor

those cases when no fresh water is used to dilute the effluent, odor emissions would be much

factor of 12 to represent dilution with non-effluent water, resulting in an odor emission rate of

used to develop them to be unreliable.

density represented in the OFFSET model is stated to be 250 to 300 square feet per head, which
is denser than what is expected at the HDF facility. Therefore, Jacobson’s odor emission factor
should properly be reduced by a factor to account for the lower animal densities proposed for

within the paddocks. Thus, the paddocks represent a significant source of potential odor

emissions.

feedings;

8

Topper’s manure samples were taken at only one time of the day just before indoor

pastures;

environmentally controlled barn rather than living and grazing freely outdoors in

Topper’s heifers were housed 24 hours per day confined in stalls within an

1501952.000 - 4868

x

x

clearly not intended to reproduce manure production conditions in pastures; for example:

simultaneous odor and gas emissions from the manure. The Topper study methodology was

between high/low forage quality and high/low concentrate level nutrient-balanced diets and

emissions. The stated purpose of the Topper study was to evaluate statistical correlations

Conclusions about DEIS Odor Emissions Estimates
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published for dairy barn facilities. Their odor emissions total calculations also appear to be

The DEIS used odor emissions factors that are representative of the range of emissions factors

3.2.1 Dairy Barn Facility

odor emissions estimates.

section, we summarize our opinions and conclusions about the representativeness of the DEIS

context of published literature on the subject of odor emissions from dairy farms. In this

In the prior section, we summarized our review of the DEIS odor emissions calculations in the

3.2

HDF grazing operations.

related to the manure that would be deposited in the paddocks at the HDF facility. The herd

barns. As a result, a significant majority of the manure produced will be deposited outdoors

The DEIS relies on a single study conducted by Topper (2008) to quantify pasture manure

from manure deposited by animals living in an outdoor environment, and are more closely

HDF dairy cattle will spend a majority of their day in the pasture paddocks instead of housed in

4.3 OU/m2/s for open feedlots for dairy or beef. This value was intended to represent emissions

Minnesota, 2009) within his OFFSET model. The Jacobson OFFSET model includes a value of

3.1.5 Pastures

application and are a more reliable estimate of odor emissions.

and 11 OU/m2/s for hours after. These odor emissions are direct measurements of slurry

More appropriate pasture odor emissions factors were published by Jacobson (University of

dairy cow manure in outdoor paddocks. We judge these emission factors and the methodology

whole and separated slurry to grass surfaces. The application of whole dairy cow slurry to

grassland resulted in odor emissions of approximately 22 OU/m2/s during the first three hours

an outdoor environment. The DEIS emission factors are not applicable to odor emissions from

Production in Berkshire UK (Pain 1988). The tests performed included the application of both

distribution while no evaluation was made for how odor is released from manure droppings in

outside in the pasture. Arbitrary assumptions were made about manure thickness and

Yet, the DEIS attempted to extrapolate Topper’s results to large volumes of manure deposited

per square meter of pasture land.

Topper’s reported emission rate units were OU/s per square meter of manure, not OU/s

hood; and

Tests of slurry land applications were conducted by the Institute for Grassland and Animal

prior hours will continue to emit odors and should properly be included in any odor modeling.

foot radius area representing only the current period of slurry application. Slurry applied during

normal quiescent settling conditions. Additionally, the emissions were applied to a single 65

odor emissions much higher than what would emit from the surface of the settling pond under

ponds will be thoroughly mixed before application of the slurry. This results in a material with

x

His samples were separated, refrigerated, then later reconstituted and tested under a

x

Estimation of slurry emissions should use established emission factors developed for the

application of slurry in a field. Per the Waste Management Plan, the solids within the settling

Topper took small 200 gram samples directly from the test animals;

x

assumption that the solid portion of the slurry will have emissions similar to manure.

operation.

sprayed sludge slurry to continue to emit odors for many hours after the spraying

They failed to account for the documented tendency of pasture surfaces receiving the

and

They did not account for the turbulent aeration process which occurs during spraying;

both while the droplets are in the air and when they fall on vegetated grass surfaces;

They did not account for the much larger liquid surface areas exposed to evaporation,

mixed during slurry spraying operations;

They did not account for the fact that the sludge in the settling pond is to be completely

1501952.000 - 4868
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spraying operations are much larger than the DEIS estimates because:

than those occurring during their proposed spraying of waste sludge slurry. Odors from slurry

differences between the physical processes of odor releases from quiescent settling ponds rather

for a single hour of spraying. Their approach completely fails to account for the dramatic

The DEIS used settling pond odor emissions factors plus a small amount for mixed solid manure

3.2.4 Spraying of Sludge Slurry (Nutrient Application)

underestimated.

Thus, in our opinion, the odor emissions related to Irrigation presented in the DEIS are grossly

sprayed effluent to continue to emit odors for many hours after the spraying operation.

hood.

Topper’s samples were separated, refrigerated, then later reconstituted and tested under a

day; and

1501952.000 - 4868

DEIS are significantly underestimated.
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Thus, in our opinion, the odor emissions emanating from manure in pastures presented in the

Topper results for the DEIS.

Furthermore, unsupported assumptions about manure thickness were made in extrapolating the

x

Topper took small 200 gram samples directly from the test animals at the same time each

x

likely exist at the depths from which the effluent is drawn; and

They did not account for the documented tendency of pasture surfaces receiving the

They did not account for the expected higher concentrations of odorous compounds that

x

x

Topper’s heifers were confined indoors 24 hours per day;

x

They did not account for the turbulent aeration process which occurs during spraying;

because:

methodology was clearly not intended to reproduce manure production conditions in pastures

from a single paper by Topper (2008). However, as discussed in section 3.1, the Topper study

x

both while the droplets are in the air and when they fall on vegetated grass surfaces;

They did not account for the much larger liquid surface areas exposed to evaporation,

To quantify pasture odor emissions, the DEIS incorrectly extrapolated odor emissions factors

enhanced compared to the DEIS estimates because:

x

3.2.5 Pastures

DEIS are grossly underestimated.

Thus, in our opinion, the odor emissions related to Spraying of Sludge Slurry presented in the

x

x

x

x

from quiescent storage ponds and those from spray irrigation. Odors from effluent spraying are

fails to account for the dramatic differences between the physical processes of odor releases

12:1 dilution with fresh water) for only one hour of spray irrigation. Their approach completely

The DEIS used storage pond odor emissions factors divided by a factor of 12 (to account for a

3.2.3 Irrigation

presented in the DEIS appear to be reasonable estimates.

also appear to be correct. Thus, in our opinion the Settling and Storage pond odor emissions

published for dairy waste settling and storage ponds. Their odor emissions total calculations

The DEIS used odor emissions factors that are representative of the range of emissions factors

3.2.2 Settling and Storage Ponds

appear to be reasonable estimates.

correct. Thus, in our opinion the Dairy Barn Facility odor emissions presented in the DEIS

Recommended Odor Emissions Estimates

estimated using the settling pond odor emissions factors as a starting point as was assumed in
the DEIS. As discussed above, this is due to a number of physical processes associated with
slurry spraying that are not addressed using these pond factors. For example, as per the Waste

factors published in peer-reviewed and oft-cited literature sources. In particular, we found the

estimates published by Pain (1988) most relevant to this problem.

approximately 40 to 50 hours. As a result, approximately 15 different areas, each 65 feet in
radius, will receive slurry during one application process. As was the case for irrigation with

OU/m2/s as the odor emission factor for irrigation operations.

1501952.000 - 4868

having emission reduced by one-half.
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our modeling, we included emissions from the full pivot area with sectors older than three hours

limited to just the first hour after application and can extend for at least 48 hours. Therefore, for

1501952.000 - 4868

earlier 14 spray circles.
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during the first slurry spray circle (i.e., the most recent three hours), and 11 OU/m2/s for the

and should therefore be included in our odor modeling. We applied the factor of 22 OU/m2/s

effluent irrigation, slurry applied during prior hours will continue to emit odors for many hours,

3 hours before the gun is moved to a new location. The total time spent applying slurry will be

which yields an emission rate factor of 1.64 OU/m2/s. Thus, for our modeling, we used 1.64

As discussed above, the tests performed by Pain (1988) demonstrate that emissions are not

As per the DEIS, slurry would be applied to a 65 foot radius area for a period of between 2 and

justified (if fresh water is mixed at a 12:1 ratio with the effluent water as proposed at the HDF)

the first three hours and 11 OU/m2/s for hours after.

dairy cow slurry to grassland resulted in odor emissions of approximately 22 OU/m2/s during

(1988) most relevant to the slurry spraying odor issue. Pain reported the application of whole

reviewed and oft-cited literature sources. Again, we found the estimates published by Pain

application of the slurry. Instead, we chose to use odor emission factors published in peer-

dropped to about half that rate for times out to 48 hours. Dilution by a factor of 12 is possibly

effluent were approximately 19 OU/m2/s for the first three hours after application, and then

factors for separated liquid effluent. His measured odor emissions for separated liquid dairy cow

directly relatable to the practice proposed at HDF. Specifically, we used Pain’s published

specifically measured odor emissions from dairy cow slurries applied to grasslands; a situation

Institute for Grassland and Animal Production in Berkshire UK (Pain 1988). These tests

Management Plan, the solids within the settling ponds will be thoroughly mixed before

It is our opinion that the odor emissions from the slurry spraying process cannot be reliably

spraying that are not addressed using these pond factors. Instead, we chose to use odor emission

Tests of odors from land application of slurry and separated effluent were performed by the

3.3.2 Spraying of Sludge Slurry (Nutrient Application)

As discussed above, this is due to a number of physical processes associated with effluent

assumed that drip irrigation would produce no significant odor emissions.

two irrigation pivots. The DEIS stipulates that drip irrigation would be used for these areas. We

We did not model odor impacts associated with irrigation of the pasture beyond the range of the

effluent, odor emissions would be much higher.

occur) to distribute only effluent water.” In those cases when no fresh water is used to dilute the

mentions that “the irrigators can run in November, December and January (if no dry spells

additional higher short-term odor emissions. Also, the HDF Waste Management Plan also

physical spraying process. The turbulence and aeration during that process could result in

It is important to note that Pain’s measurements did not quantify the emissions during the

Management Plan cannot be reliably estimated using the storage pond odor emissions factors.

It is our opinion that the odor emissions from the irrigation process described in the Waste

3.3.1 Irrigation

we present our estimates of the worst-case HDF odor estimates for these three latter categories.

Spraying (Nutrient Application) and Pastures were significantly underestimated. In this section,

our opinion that the odor emissions estimates presented in the DEIS for Irrigation, Sludge Slurry

Storage ponds appear to us to be reasonable and acceptable. However, we explained that it is

in the DEIS. We noted that the odor emissions estimates for the Dairy Barn, Settling and

In section 3.2, we summarized our opinions and conclusions about the odor emissions presented

3.3

Settling Pond

outdoor environment, and are more closely related to the manure that would be deposited in the

2

Settling Pond

during the prior three days.

1501952.000 - 4868
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For comparison, we also show the DEIS odor emissions estimates in Table 2.

Pivot Irrigation with Effluent (prior hours 4-40)

would represent emissions during periods when there was neither irrigation nor slurry spraying

1501952.000 - 4868

TOTAL

Slurry Spraying (prior hours 4-45)

15

Slurry Spraying (current hour + prior hours 2&3))

Milking Parlor

Calf Shed 2

Calf Shed 1

Storage Pond

Pivot Irrigation with Effluent (current + prior hours 2&3)

Pasture/Paddock

Herd Size 2000

TOTAL

Slurry Spraying (prior hours 4-45)

Slurry Spraying (current hour + prior hours 2&3))

Milking Parlor

Calf Shed 2

Calf Shed 1

emissions were derived by subtracting the pivot irrigation and slurry spraying emission. These

We summarize our worst-case odor HDR emissions estimates in Table 1. Lowest-case

3.3.4 Total HDR Odor Emissions Estimates

2,000 herd size, the factor we used was 2.12 OU/m2/s.

For the 699 herd size, the Pasture odor emissions factor we used was 0.74 OU/m /s. For the

lower animal densities proposed for HDF grazing operations.

Therefore, we reduced Jacobson’s odor emission number of 4.3 OU/m2/s to account for the

be 250 to 300 square feet per head, which is denser than what is expected at the HDF facility.

Storage Pond

Pivot Irrigation with Effluent (prior hours 4-40)

This value was intended to represent emissions from manure deposited by animals living in an

paddocks at the HDF facility. The herd density represented in the OFFSET model is stated to

Pivot Irrigation with Effluent (current + prior hours 2&3)

Pasture/Paddock

Herd Size 699

1.100E+01

2.200E+01

1.840E+00

1.840E+00

1.840E+00

8.100E+00

8.100E+00

8.000E-01

1.600E+00

2.120E+00

1.100E+01

2.200E+01

1.840E+00

1.840E+00

1.840E+00

8.100E+00

8.100E+00

8.000E-01

1.600E+00

0.740E+00

Odor
Emissions
Factors
(OU/m2/s)

34,527

2,466

2,121

198

198

1,925

707

571,012

64,433

98,410

17,264

1,233

2,121

198

198

1,925

707

571,012

64,433

98,410

Surface
Areas
(m2)

379,795

54,256

3,903

364

364

15,593

5,727

456,710

101,491

208,629

874,001

189,898

27,128

3,903

364

364

15,593

5,727

456,710

101,491

72,823

Odor
Emissions
Rates
(OU/s)

1,226,832

Our Estimated Worst-Case Odor Emissions Parameters (as modeled)

Source Description

Table 1

Jacobson OFFSET model includes a value of 4.3 OU/m2/s for open feedlots for dairy or beef.

published by Jacobson (University of Minnesota, 2009) within his OFFSET model. The

reviewed and oft-cited literature sources. More appropriate pasture odor emissions factors were

production conditions. Instead, we chose to use odor emission factors published in peer-

discussed above, the Topper study methodology was clearly not intended to reproduce manure

DEIS incorrectly extrapolated odor emissions factors from a single paper by Topper (2008). As

3.3.3 Pastures

16

residential receptors, the ranges cited were between 0 and 8 OU/m3 and representative averaging

summarized odor standards/thresholds that have been adopted in the United States. For

ranged between 1 second and 1 hour. Sheffield and Thompson (2004) and Mahin (2003)

were adopted by states in Australia. These ranged from 0.5 to 2.5 OU/m3. Averaging times

Galvin et.al. (2007) listed odor threshold criteria (99.5th percentile) for sensitive receptors which

a single technical paper, not an odor standard adopted by any governmental agency or authority.

assessments. It is also important to recognize that the DEIS relied on a suggestion contained in

based on arbitrary assumptions and was not verified by community surveys or field panel

1501952.000 - 4868

TOTAL

Slurry Spraying

Milking Parlor

Calf Shed 2

Calf Shed 1

Storage Pond

Settling Pond

8.020E+00

1.840E+00

1.840E+00

1.840E+00

8.100E+00

8.100E+00

1.600E+00

2,460

2,105

196

196

1,906

703

20,701

101,408

19,778

3,873

360

360

15,442

5,697

13,973

The use of a 1-hour average concentration greatly understates impacts because odors are

x

1501952.000 - 4868
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assessment calculated as 15-minute averaged concentrations.

An appropriate odor threshold range is 0-2.0 OU/m3. We selected 2.0 OU/m3 for our

perceived on much shorter time periods.

The DEIS odor threshold of 6.5 OU/m3 is inappropriately high for the area; and

x

our consideration of the above, we conclude that:

would be especially true for visitors at its premium eco-tourism destinations. Thus, based on

Kaua‘i should be considered among the most odor sensitive locations in the United States. This

OU/m3.

states/jurisdictions have adopted odor thresholds for sensitive receptors of between 0 and 2

standards, the threshold value must be met at the property line. Ten of the twenty listed

with a scentometer, indicating that they are averaging times much shorter than 1 hour. For some

Pivot Irrigation with Effluent

41,925

64,325

9,889

3,873

360

360

15,442

5,697

13,973

times were between 1 and 15 minutes. These values are noted to be based on measurements
113,312

1,233

2,105

196

196

1,906

703

20,701

Pasture/Paddock

0.370E+00

8.02E+00

1.84E+00

1.84E+00

1.84E+00

8.10E+00

8.10E+00

0.675E+00

Herd Size 2000

TOTAL

Slurry Spraying

Milking Parlor

Calf Shed 2

Calf Shed 1

Storage Pond

Settling Pond

Pivot Irrigation with Effluent

14,731

odor threshold of 6.5 OU/m3 (1-hour averaging and 99.5th percentile) as an appropriate
Australian Dairy Industry (2008), it is suggested that Wang and Feitz’s 6.5 OU/m3 threshold was

113,312

Odor Threshold

The DEIS cites an Australian study by Wang and Feitz (2004) as justification for adopting an

4

threshold for assessment of the HDF odors. However, in a document published by the
0.13E+00

Odor
Emissions
Rates
(OU/s)

Pasture/Paddock

Surface
Areas
(m2)

Herd Size 699

Odor
Emissions
Factors
(OU/m2/s)

DEIS Odor Emissions Parameters (as modeled)

Source Description

Table 2

predicted in the DEIS, but with an appropriate odor threshold for a resort area. The DEIS
specified source parameters and emission rates are summarized in Table 2 and shown in Figure
1.

vicinity of the Kawailoa property. AERMOD is a steady-state plume model that incorporates

air dispersion based on boundary layer turbulence scaling. The most recent version of

AERMOD (v15181) was used with default options, as well as the most recent versions of

1501952.000 - 4868

odor threshold concentration.
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a “peak” concentration, Cs, corresponding to Ts, which can then be compared to an established

“Turner Power Law.” Multiplication of the modeled concentration, Cm, by the factor f results in

averaging time of the model estimate (usually 1 hour). This expression is often called the

where Ts is the averaging time for odor impacts (on the order of seconds or minutes), and T is

f = (T/Ts)

p

Scire et al. 2000) by multiplying the time averaged model estimate, Cm, by a factor, f:

regulatory air dispersion models are commonly used to estimate odor impacts (Engel et al. 1997;

1501952.000 - 4868
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sensitive areas, these mobile sources will likely have additional odor impacts.

leakage rates from the trailers, etc.). However, due to potentially very close proximity to

these sources (numbers and types of trailers, frequency of events, numbers of heifers involved,

model the odor impacts of these mobile activities due to the insufficiency of information about

Road) may be used as secondary access for these transport activities. However, we did not

operation (CAFO) threshold of 699 cows. The road adjacent to the hotel and golf course (Poipu

and from the HDF to maintain the number of animals below the concentrated animal feeding

expected to be mobile odor sources from the HDF. For example, animals will be transported to

averaging periods to properly quantify odor impacts.

In view of the difficulty with applying models that estimate short averaging time concentrations,

Our odor analysis treated only stationary sources associated with the HDF. There are also

period.

judged against the more appropriate odor threshold of 2 OU/m3 for a 15-minute averaged

lowest-case emission sources. The predicted odor concentrations for these simulations were also

specified hours. Figure 2 shows our worst-case emission sources and Figure 3 shows our

case emissions do not include the slurry application or the pivot irrigation which occur only at

more appropriate source parameters and emission rates are summarized in Table 1. Our lowest-

section 3 for both a worst-case emissions scenario and a lowest-case emission scenario. Our

suggests that it is necessary to estimate the frequency distribution of concentrations with short

with representative averaging times of a few seconds to several minutes (Mahin, 2003). This

standards are determined by various government agencies using olfactometric measurement data

hours when concentrations are relatively low or zero. Typically odor threshold concentration

short-term high odor concentrations are more critical in causing nuisance than the majority of

concentration for an odorous compound is exceeded at a particular location. Less frequent,

Human perception of odors is related to the frequency at which an established threshold

5.1.2 Averaging Time

A second analysis was conducted using the more appropriate odor emission sources described in

(strengths) that were specified in the DEIS. This allows a comparison to be made of the odors

U.S. Environmental Protection Agency (EPA) was used to predict the odor concentrations in the

AERMET (v15181) and AERMAP (v11103).

Our analysis includes an initial run using the same odor sources and odor emission fluxes

Consistent with the modeling performed in the DEIS, the AERMOD model developed by the

present 15-minute average odor concentrations values.

5.2 Odor emission sources and fluxes

Description of Our Modeling Approach

5.1

we applied the Turner Power Law with p=0.2 (Turner 1970) to our AERMOD results, and we

The DEIS reported one-hour average concentrations predicted by AERMOD. In our modeling,

5.1.1 Model Selection

Odor Modeling

5
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Figure 1

20

Odor emission sources used in the DEIS odor modeling
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Figure 2
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Our worst-case odor emission sources for the proposed dairy farm

22

Our lowest-case odor emission sources for the proposed dairy farm
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Figure 3

Meteorological data

Land use classification
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Figure 5.
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model. The 3-year wind rose of the meteorological data used in the odor modeling is shown in

parameters described above, was used to produce the hourly meteorological data for the AERMOD

The AERMET model, using the meteorological data from Poދipǌ and Lihue and the surface

Bowen ratio, albedo and surface roughness are shown in Figure 4 for the Poipu tower.

the AERSURFACE Users Guide (2013). The land use classifications used in the calculation of

ratio, albedo and surface roughness length, were calculated following EPA procedures outlined in

Survey (USGS) National Land Cover 2001 Database (NLCD 2001). The surface parameters, Bowen

Land use classification data were obtained from the 30-meter resolution United States Geological

5.4

obtained from the NOAA/Earth System Research Laboratory (ESRL) Radiosonde Database.

radiosonde soundings from LIH were used to supply the upper air data for the modeling. These were

Centers for Environmental Information (NCEI) Integrated Surface Database (ISD). Twice-daily

Lihue Airport (LIH) from the National Oceanic and Atmospheric Administration (NOAA) National

relatively few hours with missing surface observations, supplemental data were obtained from the

Poipu tower is the most representative source of wind data for these model simulations. For the

between the odor sources of the dairy farm and the Kawailoa property is relatively flat and open, the

Course. The data are available through the Iowa Environmental Mesonet. Because the topography

and operated by the National Weather Service Pacific Region, is located on the Poipu Bay Golf

collected at the Poipu meteorological tower (POIH1). The data collection platform, which is owned

Hourly wind speed, wind direction, temperature and pressure values were obtained from data

5.3

Topography and model receptors
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farm and resort is shown in Figure 6.

24

the odor modeling. A plot of the approximately 2,000 receptor locations in the vicinity of the dairy

elevations and hill heights associated with each receptor. A total of 5,824 receptors were used for

Kawailoa property and dairy farm. The AERMAP model was used to determine the terrain

AERMOD model, were based on a Cartesian grid with a spacing of 100 meters that covered the

(NED). Model receptors, which are the locations where the odor concentrations are predicted by the

Terrain elevation data were obtained from the 30-meter resolution USGS National Elevation Dataset

5.5

25

Plot of NLCD 2001 land use used in the calculation of Bowen ratio, albedo and
surface roughness.
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Figure 4

COMPANY NAME:

Exponent

TOTAL COUNT:

26265 hrs.
DATE:

7/5/2016

DATA PERIOD:

Start Date: 1/1/2013 - 00:00
End Date: 12/31/2015 - 23:00

CALM WINDS:

0.46%

AVG. WIND SPEED:

3.38 m/s

SOUTH

8%

24%

40%

Calms: 0.46%

0.5 - 2.1

2.1 - 3.6

3.6 - 5.7

5.7 - 8.8

8.8 - 11.1

>= 11.1

WIND SPEED
(m/s)

PROJECT NO.:

EAST
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Wind rose for Poipu meteorological tower for 2013–2015
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Figure 5

WRPLOT View - Lakes Environmental Software

COMMENTS:

WEST

16%

32%

Wind Speed
Direction (blowing from)

POIH1

NORTH

DISPLAY:

WIND ROSE PLOT:

27

Model receptors in the vicinity of the dairy farm and the Kawailoa property
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Figure 6

Predicted odor impacts
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12. Odor concentrations of up to 350 OU/m3 are predicted on the Kawailoa property.

and emissions for a herd size of 2,000 are shown in Figure 11 with a zoomed view shown in Figure

Plots showing contours of predicted 15-minute maximum odor impacts for our worst-case sources

Maximum odor concentrations of up to 150 OU/m3 are predicted on the resort property.

odor emissions for a herd size of 699 are shown in Figure 9 with a zoomed view shown in Figure 10.

Plots showing contours of the predicted 15-minute maximum odor impacts for the more appropriate

threshold for evaluating the predicted concentrations.

cows and 2,000 cows. The same 15-minute average odor concentration of 2 OU/m3 was used as a

modeling of odor concentrations was conducted using these emissions for the two herd sizes of 699

More appropriate odor emissions were described in section 3 and presented in Table 1. AERMOD

5.6.2 More appropriate odor sources and emissions

odor impacts are in excess of what would be considered an appropriate odor threshold.

the Kawailoa property. Even using the unrealistically low emissions listed in the DEIS, the modeled

Figure 8. Maximum 15-minute averaged odor concentrations of up to 25 OU/m3 are predicted on

source emissions for a herd size of 699 cows are shown in Figure 7 with a zoomed view shown in

Plots showing contours of predicted 15-minute maximum odor impacts for the DEIS specified

hour average to a 15-minute average using a Turner Power Law exponent of 0.2 (Turner, 1970).

values of odor concentrations. The concentrations produced by AERMOD were scaled from the 1-

the approximate DEIS specified emissions listed in Table 2. AERMOD produces hourly averaged

herd size of 699 cows. The AERMOD model was run for the 3-year period from 2013-2015 using

appropriate odor standard of 2 OU/m3 for a 15-minute averaged period. This analysis was done for a

1501952.000 - 4868

Figure A-1 and A-2 in Appendix A).
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the 2 OU/m3 threshold levels are predicted to occur frequently in these residential areas as well. (See

further from the proposed HDF, including residential areas in the vicinity of Poދipǌ. Odors above

Kauai and the Poipu Bay Golf Course. Our modeling of HDF odors included receptors in areas

Figure 7 through Figure 16 were focused on the areas in and around the boundary of the Grand Hyatt

odor threshold would be higher.

would be as large as 350 OU/m3 and the number of hours with odor impacts exceeding the 2 OU/m3

visitors would find offensive. For a herd size of 2,000 cows, the maximum odor concentrations

predictions indicate that odorous conditions would often exist at the Kawailoa properties at levels its

possibly be as high as 150 OU/m3 during these hours with worst-case emissions. These odor impact

impacts at the Kawailoa property could exceed the 2 OU/m3 odor threshold. Moreover values could

estimates for a herd size of 699 cows suggests that during at least 450 hours each year HDF odor

Combining the results of our modeling with our worst-case and lowest-case odor emissions

up to 450 hours per year.

minute average OU concentrations exceed 2 OU/m3. These would exceed the 2 OU/m3 threshold for

based on the unrealistically low emissions specified in the DEIS were then compared with an

would reach up to 30 OU/m3. Figure 15 and Figure 16 show the number of hours that predicted 15-

odor threshold listed in the DEIS, were consistent with the DEIS results. The modeled impacts

maximum 15-minute averaged concentrations at the Kawailoa property with a herd size of 699 cows

Figure 13 and Figure 14. These figures show that even during these low emission periods, the

of slurry or irrigation with effluent. Results of these lowest-case emission runs are depicted in

lowest-case odor emissions from HDF would occur during hours when there is no fresh application

initial odor modeling simulation. A spot check showed that our model results, if compared with the

The odor sources and odor emission fluxes (strengths) that were listed in the DEIS were used in an

5.6.1 DEIS odor sources and emissions

5.6

We also performed model runs with our lowest-case emissions estimates for the 699 herd size. The

Figure 8

Zoomed view of contours of predicted 15-minute maximum odor impacts using DEIS worst-case odor sources and
emissions rates for a herd size of 699
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Figure 7

Contours of predicted 15-minute maximum odor impacts using DEIS odor sources
and emissions rates for a herd size of 699
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Figure 10

Zoomed view of contours of predicted 15-minute maximum odor impacts using our worst-case odor sources and
emissions rates for a herd size of 699
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Figure 9

Contours of predicted 15-minute maximum odor impacts using our worst-case odor
sources and emissions rates for a herd size of 699
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Figure 12

Zoomed view of contours of predicted 15-minute maximum odor impacts for our worst-case odor sources and
emissions rates for a herd size of 2,000
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Figure 11

Contours of predicted 15-minute maximum odor impacts using our worst-case odor
sources and emissions rates for a herd size of 2,000
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Figure 14

Zoomed view of contours of predicted 15-minute maximum odor impacts for our lowest-case odor sources and
emissions rates for a herd size of 699
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Figure 13

Contours of predicted 15-minute maximum odor impacts using our lowest-case odor
sources and emissions rates for a herd size of 699
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Number of hours when 15-minute maximum odor impacts exceed 2 OU/m3 using our
lowest-case odor sources and emissions rates for a herd size of 699
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Figure 15

Figure 16
Zoomed view of contours of predicted 15-minute maximum odor impacts for our lowest-case odor sources and
emissions rates for a herd size of 699
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Casey, K. D., et al. 2006 “Air Quality and Emissions from Livestock and Poultry
Production/Waste Management Systems”. Animal Agriculture and the Environment:
National Center for Manure and Animal Waste Management White Papers. ASABE Pub.
Number 913C0306.

unless otherwise stated, assume that they are accurate. In addition, some of the data and
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available.
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and to expand or modify opinions based on review of additional material as it becomes

presents the findings resulting from that work. We reserve the right to supplement this report

information to the best of our ability. This report summarizes work performed to-date and

information generated or reported by the HDF is unclear, and we have interpreted that
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EXECUTIVE SUMMARY

Stomoxys calcitrans (Linnaeus) – Stable Fly
Haematobia irritans Linnaeus – Horn Fly
Musca sorbens Wiedemann – Dog Dung Fly
Musca domestica Linnaeus – House Fly
Hydrotaea chalcogaster (Wiedemann) – Small Blue Fly
Tricharea occidua (Fab.) – Flesh Fly
Ravinia anxia Walker – Flesh Fly
Ornidia obesa (Fabricius) – Green Hover Fly
Eristalis arvorum (Fabricius) – Hover Fly
Hermetia illucens (Linnaeus) – Black Soldier Fly

Fly Species from Dairies Identified in An Evaluation of Fly Breeding
and Fly Parasites at Animal Farms on Leeward and Central Oʻahu2

Pest Flies

The review is arranged in four chapter dealing with major arthropod-related topics, Pest
Flies, Pest Control, Dung Beetles, and Hawaiian Native, Threatened and Endangered
Species.

1

Pacific Analytics, LLC performed a review of the arthropod-related sections of the DEIS.
The purpose of this review is to identify shortcomings of the DEIS, point out information
that was not included in the DEIS, find sections where insufficient analysis was performed,
show potential problems, and identify missing information.

Hawaiʻi Dairy Farms (HDF) proposes to establish a dairy farm on 557 acres of agricultural
land in Māhāʻulepū Valley on the island of Kauaʻi. HDF would initially establish a herd of
699 mature dairy cows, and contemplates increasing the herd size to 2,000 dairy cows at a
later date. A draft environmental impact statement (DEIS) was prepared to analyze the
potential impacts and mitigation measures associated with dairy operations at HDF.

I. EXECUTIVE SUMMARY

A Review of the Arthropod-Related Sections of the
Hawaiʻi Dairy Farms Draft Environmental Impact Statement

A Review of the Arthropod-Related Sections of the
Hawaiʻi Dairy Farms Draft Environmental Impact Statement

A Review of the Arthropod-Related Sections of the
Hawaiʻi Dairy Farms Draft Environmental Impact
Statement
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ّ The DEIS does not mention mosquitoes, and includes no analysis of the
potential impacts by mosquitoes on HDF neighbors or native Hawaiian
endangered birds.

¾ Mosquitoes
Mosquitoes are not dung-dwelling flies, but the proposed dairy could potentially generate
large populations of these pests in standing water, ponds, ditches, and pasture divots.

ّ The DEIS fails to evaluate the potential impacts of nuisance flies on nearby
properties on Kauaʻi.

¾ Nuisance Flies
There are at least six species of nuisance flies on Kauaʻi.

ّ The DEIS fails to discuss the dispersal capability of biting flies to other
properties on Kauaʻi.

¾ Biting Flies
There are two species of biting flies associated with dairies, the stable fly and the horn
fly.

ّ The DEIS states that qualitative or quantitative analyses were conducted for
pest species, but fails to include those analyses for public comment.

Which chemicals will be used
What the thresholds are for chemical application decision-making
What quantities of chemicals will be applied
Where the chemicals will be applied
Against which pests the chemicals will be used

Pacific Analytics, L.L.C.

EXECUTIVE SUMMARY
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ّ The DEIS fails to provide any information about chemical control of
mosquitoes.

ّ The DEIS fails to consider impacts of chemical control on dung beetles and
other non-target arthropods.

ّ The DEIS neglects to address the effectiveness of chemical controls on target
species.

x
x
x
x
x

ّ The DEIS states that HDF will use chemical methods to prevent any spike in
pest populations, but fails to mention:

¾ Chemical Controls

ّ The DEIS also states HDF would use Best Management Practices to control
pests, but fails provide a Best Management Practices plan.

ّ While the DEIS mentions some measures HDF would take to control pests, it
does not describe how those measures would be integrated into an effective
program.

ّ The DEIS states in several places that HDF will use Integrated Pest
Management (IPM) measures and an IPM program to control pest flies at the
dairy, however, the DEIS does not provide an actual IPM plan or details of how
various control measures would be integrated.

¾ Integrated Pest Management (IPM)

Pest Control

A Review of the Arthropod-Related Sections of the
Hawaiʻi Dairy Farms Draft Environmental Impact Statement

A Review of the Arthropod-Related Sections of the
Hawaiʻi Dairy Farms Draft Environmental Impact Statement

ّ The DEIS states that there will be no impact due to 699 cows, but fails to
address the impacts of significant amounts of manure and the number of pest
flies that will breed in that manure.
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What fly parasite and predator species will be used at HDF
What is the source of parasites and predators
How many parasites and predators HDF will release
How HDF will prevent the accidental release of Invasive Species
What is the effectiveness of the parasites and predators
What pests will the parasites and predators target
What are the impacts on non-target species

Pacific Analytics, L.L.C.

EXECUTIVE SUMMARY

4

ّ The DEIS fails to provide an analysis of the amount of pest fly control HDF
expects to achieve with predators, and does not provide sufficient information
about the source of pest fly predators, when they will be released, and how HDF
will prevent the accidental release of Invasive Species.

ّ The DEIS fails to describe how fly parasites will be integrated into HDF pest
control.

x
x
x
x
x
x
x

ّ The DEIS states that HDF proposes to release insect parasites and predators to
control fly populations, but fails to provide information about:

¾ Parasites and Predators

ّ The DEIS neglects to discuss the effectiveness of mechanical devices HDF
would deploy.

ّ The DEIS provides no details about:
x The types of mechanical devices to be deployed
x The number of mechanical devices to be deployed
x Where mechanical devices will be deployed
x How long mechanical devices will be deployed
x The effectiveness of the mechanical devices
x What constitutes a “spike” in pest populations and how they would be
detected

Pacific Analytics, L.L.C.
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ّ The DEIS neglects to consider what impacts the paddock rotation schedule
could have on dung beetles.

ّ The DEIS does not analyze the effects of excessive soil moisture on dung beetle
dung-burying capacity.

Soil Types and Conditions
ّ The DEIS fails consider how HDF clay soils will impact dung beetle dungburying capacity.

ّ The DEIS states that a healthy population of dung beetles can bury a dung pat
in one to three days. The DEIS provides no references or evidence to support
this claim.

ّ The DEIS proposes that HDF will use dung beetles to hasten the breakdown of
manure, and to minimize pest fly populations, but provides no analysis of the
amount of manure a dung beetle consumes.

¾ Effectiveness

Aphodius lividus (Olivier)
Copris incertus Say
Oniticellus militaris (Castelnau)
Onthophagus gazella (Fabricius)
Sphaeridium scarabaeoides (Linnaeus)

Dung-Dwelling Beetles known from Kauaʻi

HDF is relying on dung beetles to reduce pest flies and accumulated manure.

Dung Beetles

ّ The DEIS fails to provide enough information about the HDF biological control
methods that would be part of an IPM plan, monitoring plan, or Best
Management Practices plan.

A Review of the Arthropod-Related Sections of the
Hawaiʻi Dairy Farms Draft Environmental Impact Statement

A Review of the Arthropod-Related Sections of the
Hawaiʻi Dairy Farms Draft Environmental Impact Statement

¾ Mechanical Control
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ّ The DEIS fails to consider the accidental release of pest species collected with
the dung beetles.

ّ Up to 8 million actively feeding adult dung beetles could be required on any
given day to effectively suppress fly development. The DEIS neglects to
provide sufficient information about how many dung beetles would be
translocated and how they intend to capture the large numbers of dung beetles
necessary to control pest flies and process manure pats.

ّ The DEIS states that deploying a night collection light and white sheet can
collect many adult dung beetles to quickly boost the population at HDF. The
DEIS fails quantify the number of dung beetles that would be collected with
these traps, and fails to describe the collection locations.

¾ Translocation of Dung Beetles

ّ It is unlikely that HDF will achieve significant pest fly control with dung
beetles. The DEIS does not provide an IPM plan that fully describes how pest
flies would be controlled.

Controlling Pest Flies
ّ The DEIS claims that dung beetles will reduce pest fly populations by 95%.
This claim is contradicted by their own manure-related arthropod survey. Both
dung beetles (Onthophagus gazella), and the biting stable fly were found to be
abundant during the survey.

Dung Beetle predators
ّ The DEIS did not consider the potential impacts predators may have on dung
beetle establishment and effectiveness at controlling pest flies or the massive
amount of manure that would be generated by HDF dairy cows.

The possibility of translocating invasive species
Who will collect the dung beetles to be translocated
How will insect species other than dung beetles be removed from the
collections before transport
What methods will HDF employ to ensure survival of the translocated
species during transport

Pacific Analytics, L.L.C.
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ّ The DEIS fails to discuss potential impacts to endangered Hawaiian forest birds
by mosquitoes.

¾ Kauaʻi Forest Birds
There is a potential for mosquito populations to increase at HDF.

ّ The DEIS did not fully consider potential impacts to Kauai’s endangered cave
arthropods.

ّ The DEIS states there are no native, protected, or endangered insect species
within the HDF site, however, HDF failed to perform a complete arthropod
survey and assessment, and did not provide complete information about
potential impacts on Kauai’s endangered cave arthropods.

¾ Endangered Arthropod Species

Hawaiian Native, Threatened, and Endangered Species

ّ The DEIS fails to consider that dung beetles may become a nuisance pest on
nearby properties.

x

x
x
x

ّ The DEIS does not address:

A Review of the Arthropod-Related Sections of the
Hawaiʻi Dairy Farms Draft Environmental Impact Statement

A Review of the Arthropod-Related Sections of the
Hawaiʻi Dairy Farms Draft Environmental Impact Statement

Competition for Food and Nesting Sites
ّ The DEIS does not take into account how competition for both food and nesting
space in adult and larval dung beetles may impact dung beetle manure burying
capacity.
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ّ The manure-related arthropod study was not sufficient to inform the public
about all potential arthropod species that occur at the HDF site.

ّ The DEIS did not conduct a standard arthropod survey and assessment.

Pacific Analytics, L.L.C.

INTRODUCTION

This evaluation consists of four major sections
x Pest Flies
x Pest Control
x Dung Beetles
x Hawaiian Native, Threatened and Endangered Species.
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A draft environmental impact statement (DEIS) was prepared by HDF to analyze the
potential environmental impacts and mitigation measures associated with dairy operations.
The DEIS was released on June 8, 2016 and is undergoing a 45-day agency and public
review. Pacific Analytics, LLC performed a review of the arthropod-related sections of the
DEIS. The information provided in the DEIS was evaluated for completeness and the
analyses were assessed for potential flaws.

Hawaiʻi Dairy Farms (HDF) proposes to establish a dairy farm on 557 acres of agricultural
land in Māhāʻulepū Valley on the island of Kauaʻi. HDF would initially establish a herd of
699 mature dairy cows, and 150 calves with additional cows located on other existing
Kauaʻi ranches. The average dairy cow produces up to 2.3 cu. ft. of manure per day (HDF
Waste Management Plan), thus the 699 dairy cows at HDF could produce up to 1,608 cu.
ft. of manure per day. That is equivalent to six large dump truck loads of manure per day,
not including the manure from the 150 calves. This large amount of manure would be
breeding habitat for pest flies which are capable of migrating from HDF to surrounding
properties on Kauaʻi.

II. INTRODUCTION

A Review of the Arthropod-Related Sections of the
Hawaiʻi Dairy Farms Draft Environmental Impact Statement

A Review of the Arthropod-Related Sections of the
Hawaiʻi Dairy Farms Draft Environmental Impact Statement

¾ Native Insects
Only sixteen arthropod species were identified in the manure-related arthropod survey. A
study of a similar landscape less than 15 miles from HDF identified 238 insect species,
about 10% of which were native Hawaiian species.
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¾ Biting Flies
There are two species of biting flies associated with dairies, the stable fly and the horn fly2.
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III. DISCUSSION

x
x
x
x
x
x
x
x
x
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Haematobia irritans Linnaeus – Horn Fly
Musca sorbens Wiedemann – Dog Dung Fly
Musca domestica Linnaeus – House Fly
Hydrotaea chalcogaster (Wiedemann) – Small Blue Fly
Tricharea occidua (Fab.) – Flesh Fly
Ravinia anxia Walker – Flesh Fly
Ornidia obesa (Fabricius) – Green Hover Fly
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Hermetia illucens (Linnaeus) – Black Soldier Fly

Fly Species from Dairies Identified in An Evaluation of Fly Breeding
and Fly Parasites at Animal Farms on Leeward and Central Oʻahu2
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The DEIS mentions six species of pest flies (DEIS page 4-39), but fails to mention four
other species of pest flies that occur on Kauaʻi1, 2. All of these species breed in manure2
and are very likely to breed at HDF. The DEIS states that there will be no impact due to
699 cows (DEIS page 4-101), but fails to address the impacts of significant amounts of
manure and the number of pest flies that will breed in that manure. The DEIS states that
qualitative or quantitative analyses were conducted for pest species (DEIS pages 4-79 and
4-97), but fails to include those analyses for public comment.

DISCUSSION
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Horn Fly - Haematobia irritans

The Horn Fly - Haematobia irritans Linnaeus
x A serious pest of cattle in Hawaiʻi2, 14
x Numerous natural enemies and competitors have been
imported to Hawaiʻi for its control2, 14
x The primary breeding medium is wet manure2
x Females lay up to 500 eggs
x Both sexes require blood meal up to 30 times a day
x Can disperse up to 11 km (~7 miles)4

The Stable Fly - Stomoxys calcitrans (Linnaeus)
x Stable flies are active year-round in warm latitudes
x Their highest fecundity is during warm, wet summers5, 6, 7
x Stable flies oviposit an average of 500 eggs over their two
week life span.
x Eggs hatch in 15–24 hours under favorable conditions, and
hatching rates are greatest between 25°C and 35°C
x Larvae develop in manure and moist, decaying vegetation
x Larvae also live in substrates with active microbial
Stable Fly - Stomoxys calcitrans
communities including wet grass and thatch8
x The larvae burrow into the dung as the surface layers dry out and larvae growth is
usually completed in 4–5 days
x Pupation takes place in or under the dung pats, and adults emerge in 3–5 days under
ideal conditions
x Both sexes require blood meal for mating9
x Can disperse regularly up to 6.5 km (4 miles)10, 11, 12, 13
x Known to disperse up to 225 km (140 miles) when wind blown3

A Review of the Arthropod-Related Sections of the
Hawaiʻi Dairy Farms Draft Environmental Impact Statement
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Pest Flies
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Horn flies emerging from manure would disperse 1.7 km (1 mile) from a paddock without
a change in density4. Researchers found while monitoring a herd of dairy cows, that horn
flies flew 11 km (7.3 miles) or more in less than 10 hours4. Figure 2 illustrates these
distances superimposed on a map of Poʻipū on Kauaʻi. The map does not account for
overland contours, but instead provides an illustration of the dispersal capabilities of the
horn fly.

₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪

 Biting Fly Dispersal
The DEIS fails to discuss the dispersal capability of biting flies to other properties on
Kauaʻi. Both species of biting flies known on Kauaʻi are strong fliers and can migrate long
distances driven by wind3, 4. In Florida, large swarms of stable flies are driven by winds to
coastal beaches from dairies up to 225 km (140 miles) away3. Stable flies have been shown
to disperse 6.5 km (4 miles) along a beach in 30 minutes, pushed by a 5- to 8-kph wind10.
Figure 1 illustrates these distances superimposed on a map of Poʻipū on Kauaʻi. The map
does not account for overland contours, but instead provides an illustration of the dispersal
capabilities of the stable fly.

Pacific Analytics, L.L.C.
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Figure 1. Map of Poʻipū, Kauaʻi showing dispersal capability of the stable fly. With no wind, 80% of
the biting stable flies would disperse at least 0.8 km from the milking parlor, and 50% would disperse
at least 1.6 km. With a 5 to 8-kph wind, biting stable flies can disperse up to 6.5 km10.

A Review of the Arthropod-Related Sections of the
Hawaiʻi Dairy Farms Draft Environmental Impact Statement

A Review of the Arthropod-Related Sections of the
Hawaiʻi Dairy Farms Draft Environmental Impact Statement
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Figure 2. Map of Poʻipū, Kauaʻi showing dispersal capability of the horn fly. With no wind, horn flies
will move up to 1.7 km with the same density as found in a paddock. With the prevailing wind, horn
flies can disperse up to 11 km in ten hours4.
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House Fly - Musca domestica

Dog Dung Fly - Musca sorbens
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Other flies can become a nuisance when they aggregate near human habitations. These
pests include the small blue fly, flesh flies, and hover flies. Annoying in small numbers,
nuisance flies become irritating or can spread diseases as their numbers increase. The DEIS
fails to assess nuisance flies and their impacts on nearby properties.

The House Fly – Musca domestica Linnaeus
x Closely associated with humans
x One of the fastest breeding insects in Hawaiʻi.
Adult house flies can lay up to 900 eggs in 4 to 12
days16
x Larvae feed on excrement and garbage, and mature
in as little as 6 days
x Will disperse up to 10 km (6.2 miles) in 24 hr17

The Dog Dung Fly - Musca sorbens Wiedemann
x Larvae feed on all sorts of dung
x Adults feed on food, garbage, and filth
x Adults are particularly aggressive and can be
extremely unpleasant when they occur in large
numbers16.
x Attracted to eyes, open sores, and wounds

15

Green Hover Fly - Ornidia obesa

Flesh Fly - Tricharea occidua

Pacific Analytics, L.L.C.
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Green Hover Fly - Ornidia obesa (Fabricius)
x Breeds in decomposing vegetation, semi-liquid manure
and urine polluted areas
x Carry bacteria of health importance
x Larvae reach their full development in 25 days

Flesh Fly - Ravinia anxia

Flesh Flies - Tricharea occidua (Fabricius) and
Ravinia anxia Walker
x Attracted to open wounds
x Larvae develop in manure and decaying vegetation
x Females are viviparous, they deposit live larvae instead
of eggs
x Nuisance pest around humans

Small Blue Fly –
Hydrotaea chalcogaster
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Small Blue Fly - Hydrotaea chalcogaster
(Wiedemann)
x Also known as garbage flies
x Larvae develop in manure, garbage, and decaying
vegetation
x Adults often hover in shafts of light
x Attracted to various substances including sugar,
sweat, and blood

A Review of the Arthropod-Related Sections of the
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¾ Nuisance Flies
There are at least six species of nuisance flies on Kauaʻi1, 2. The species originating from
dairies which cause the most complaints from properties near dairies are the dog dung fly
and house fly 2. The DEIS fails to evaluate the potential impacts of nuisance flies on nearby
properties on Kauaʻi.
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The Hawaiʻi Department of Health18 warns that two of the species on Kauaʻi, The Yellow
Fever mosquito (Aedes aegypti) and the Asian tiger mosquito (A. albopictus) can transmit
viruses that cause dengue fever and Zika virus disease. The Southern House mosquito,
(Culex quinquefasciatus) is a nuisance to humans, but is a vector for avian malaria and
avian pox. These mosquito-borne diseases have already devastated Hawaiian
honeycreepers, leading some species to extinction23, 24, 25. The DEIS does not mention
mosquitoes, and includes no analysis of the potential impacts by mosquitoes on HDF
neighbors or native Hawaiian endangered birds.

Yellow Fever mosquito - Aedes aegypti
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Clearly stated goals and objectives that would be achieved by implementing the
plan
A Monitoring Plan for pest populations and other relevant factors
A determination of the thresholds for various pest populations that trigger
treatments
A detailed description of each control method that would be used
A explanation of how treatments would be selected for deployment, which
would be used, and when they would be used, including details about timing
treatments for maximum effectiveness
How the effectiveness of treatments would be evaluated
An account of how biological controls would be conserved and enhanced

Pacific Analytics, L.L.C.
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The DEIS also states HDF would use Best Management Practices to control pests, but fails
to provide a Best Management Practices plan.

While the DEIS mentions some measures HDF would take to control pests, it does not
describe how those measures would be integrated into an effective program.

x
x

x
x

x
x

x

An Integrated Pest Management Plan has several components, including:

¾ Integrated Pest Management (IPM)
The DEIS states in several places that HDF will use Integrated Pest Management (IPM)
measures and an IPM program to control pest flies at the dairy (DEIS pages 1-14, 1-15, 441, 4-42, 4-44, 4-45, 4-80, 4-97, 4-101, 4-105, 6-20), however, the DEIS does not provide
an actual IPM plan or details of how various control measures would be integrated.

Pest Control

A Review of the Arthropod-Related Sections of the
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¾ Mosquitoes
Mosquitoes are not dung-dwelling flies,
but the proposed dairy could potentially
generate large populations of these
pests in standing water, ponds, ditches,
and pasture divots. Mosquitoes would
be blown by the prevailing winds from
HDF and descend on nearby properties.
There are four species of mosquitoes on
Kauaʻi capable of breeding at HDF1.
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The DEIS neglects to discuss the effectiveness of mechanical devices HDF will deploy.
Walk-through horn fly traps have been shown to be only 57% effective37 leaving a
significant quantity of flies free to multiply. Sticky-traps are only 5.6% to 14% effective38
and baited traps are only slightly better, capturing only 4.4% to 20% of released flies in
controlled experiments39. The effectiveness of traps depends on several factors, including
temperature, season and position40. The DEIS does not provide sufficient information
about deployment of traps to determine if their use will be effective. The DEIS provides
no information about mechanical control of mosquitoes.

¾ Chemical Controls
The DEIS states that HDF will use chemical methods to prevent any spike in pest
populations (DEIS page 4-41), but fails to mention:

Pacific Analytics, L.L.C.
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¾ Mechanical Control
The DEIS states that mechanical methods, such as sticky tapes or ribbons and traps, will
be used to prevent spikes in pest populations (DEIS page 4-41). The DEIS provides no
details about:
x The types of mechanical devices to be deployed
x The number of mechanical devices to be deployed
x Where mechanical devices will be deployed
x How long mechanical devices will be deployed
x The effectiveness of the mechanical devices
x What constitutes a “spike” in pest populations and how they would be detected

The DEIS fails to provide any information about chemical control of mosquitoes.

The DEIS fails to consider impacts of chemical control on dung beetles and other nontarget arthropods. Pest fly insecticides are toxic to exotic dung beetles and native arthropod
species28, 29. Veterinary pharmaceuticals have also been found to have adverse impacts to
dung beetles30, 31, 32, 33, 34, 35, 36. Chemicals applied for pest fly control destroy dung beetles
and parasite control measures, and can lead to outbreaks of pest flies. The DEIS fails to
describe how non-target impacts of chemical control will be avoided.

The DEIS neglects to address the effectiveness of chemical controls on target species.
Chemical control of some pest species, such as stable flies, has been unsuccessful5, and
other pest species, such as horn flies and house flies, have developed resistance to chemical
controls22, 23, 24, 25, 26, 27.

This information would be found in an IPM plan. The DEIS does not provide an IPM plan.

What fly parasite and predator species will be used at HDF
What is the source of parasites and predators
How many parasites and predators will HDF release
How HDF will prevent the accidental release of Invasive Species
What is the effectiveness of the parasites and predators
What pests will the parasites and predators target
What are the impacts on non-target species

Pacific Analytics, L.L.C.
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Twelve predators have been purposely released for biological control of the horn fly in
Hawaiʻi, only three of which established on Kauaʻi 1, 41. Researchers studying predators
associated with flies in animal dung on Oʻahu 2 discovered that fly predators have difficulty
locating their fly prey and are not effective horn fly biological control. Other studies have
also demonstrated the inefficiency of fly predators in finding their prey42, 43. The DEIS
fails to provide an analysis of the amount of pest fly control HDF expects to achieve with
predators, and does not provide sufficient information about the source of pest fly

There have been eight parasites of horn fly purposely released for biocontrol in Hawaiʻi41
and only one established on Kauaʻi1. Nine parasites have been purposely released in
Hawaiʻi to control house flies41 and only one established a population on Kauaʻi1. The
reference cited by DEIS regarding stable fly control effectiveness (DEIS page 4-39)
contains no evidence that parasites control flies. The DEIS fails to describe how fly
parasites will be integrated into HDF pest control.

x
x
x
x
x
x
x

¾ Parasites and Predators
The DEIS states that HDF proposes to release insect parasites and predators to control fly
populations (DEIS pages 4-39, 4-45, 4-80), but fails to provide information about:
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Which chemicals will be used
What the thresholds are for chemical application decision-making
What quantities chemicals will be applied
Where the chemicals will be applied
Which pests the chemicals will target

A Review of the Arthropod-Related Sections of the
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x
x
x
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Dung Beetles
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predators, when they will be released, and how HDF will prevent the accidental release of
Invasive Species.

DISCUSSION
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Aphodius lividus (Olivier)
x 3 to 6 mm (less than ¼ inch)
x Females produce up to 100 eggs in their adult lifetime of
1 to 2 months46
x Females lay eggs singly or in small clutches46
x Dung Dweller, Adults and larvae live in dung 46
x Larvae take up to six weeks to develop45
x Consume a small fraction of material in dung pat47
x Known to inhabit and destroy other dung beetle brood
chambers48
x Accidental introduction to Hawaiʻi1

Aphodius lividus (Olivier)
Copris incertus Say
Oniticellus militaris (Castelnau)
Onthophagus gazella (Fabricius)
Sphaeridium scarabaeoides (Linnaeus)

Dung-Dwelling Beetles known from Kauaʻi

Aphodius lividus
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HDF is relying on dung beetles to reduce pest flies and accumulated manure (DEIS pages
1-15, 3-23, 4-39, 4-41, 4-42, 4-45, 4-80, 4-97, 4-105, 6-20). During the manure-related
arthropod survey (DEIS Appendix B), there were two dung beetle species found near the
HDF site. Despite the purposeful release of twenty-nine dung beetles in Hawaiʻi39, 45, only
five are found on Kauaʻi1.
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Studies have demonstrated that when pesticides are applied to fly larvae at their breeding
sites, almost 100% of the natural enemies, both parasites and predators, are destroyed39, 44.
The DEIS fails to provide enough information about the HDF biological control methods
that would be part of an IPM plan, monitoring plan, or Best Management Practices plan.
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Onthophagus gazella (Fabricius)
x 10 to 13 mm (½ inch)
x Feed on microbes in moist manure
x Prefers firm to semi-liquid dung pats
x Prefers moist, loose soil52
x Burrows 20 to 25 cm (8-10 inches) deep52
x 6 to 8 weeks egg to adult
x A purposeful introduction to Hawaiʻi
(1957 and 1973)1, 39
Onthophagus gazella

Oniticellus militaris
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Sphaeridium scarabaeoides (Linnaeus) - Water Scavenger Beetle
x 5.0 to 7.0 mm (< ¼ inch)
x Adults and larvae feed in cow manure
x Larvae eat fly eggs and larvae, and beetle larvae in
manure53
x An accidental introduction to Hawaiʻi1

Copris incertus Say – Mexican Dung Beetle
x 15 to 17 mm (a little more than ½ inch)
x Feed on microbes in liquid manure
x 6 weeks to completely breakdown dung pat49
x Not efficient at controlling pest flies49
x Dung Burrower, adults live in manure and form brood
chambers in the soil where larvae develop50
x A purposeful introduction to Hawaiʻi (1922)1, 39

Oniticellus militaris (Castelnau)
x 7 to 11 mm (¼ to ½ inch)
x Feed on microbes in liquid manure
x Tunneler 0-15 cm (0-6 inches) deep51
x Active during warm, wet weather
x A purposeful introduction to Hawaiʻi (1957)1, 39
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Dung Beetle nesting biology
Soil types and conditions
Competition for food and nesting sites
Fluctuations in dung beetle populations
Dung Beetle predators
The large quantity of manure generated by 699 dairy cows
The even larger quantity of manure generated by 2,000 dairy cows

Removing Manure from the Soil Surface
There are several reasons why dung beetles may not fully bury manure pats, including:

23

The DEIS states that a healthy population of dung beetles can bury a dung pat in one to
three days (DEIS pages 3-24, 4-41, 4-42). The DEIS provides no references or evidence
to support this claim. In an extensive field study up to 80% of the dung remained unburied
after seven days58.

¾ Effectiveness
The DEIS proposes that HDF will use dung beetles to hasten the breakdown of manure,
and to minimize pest fly populations (DEIS pages 1-15, 3-24, 4-41, 4-42, 4-80, 4-97, 4105, 6-20, Appendix B pages 1, 2, 22, 29, 30, 31), but provides no analysis of the amount
of manure a dung beetle consumes.

Sphaeridium scarabaeoides
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Copris incertus

₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪

₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪

₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪₪

 Competition for Food and Nesting Sites
The DEIS does not take into account how competition for both food and nesting space in
adult and larval dung beetles may impact dung beetle manure burying capacity. For
tunnelers, like O. gazella, there is competition between adults for food in the dung pat and
for nesting space below the dung pat49. And at higher dung beetle densities there is usually
a lower degree of burial than would be expected, due to mutual interferences56, 58, 74, 76.
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 Dung Beetle Nesting Biology
Dung beetles do not feed their entire adult life. After an initial feeding period, adults (males
and females) remain inside the nesting galleries made under the soil surface59. Adult dung
beetles stay in the nest taking care of the brood balls throughout embryonic, larval and
pupal development, leaving shortly before or when progeny emerge60, 61. This reduces the
feeding efficiency of adult dung beetles, and increases the number of dung beetles required
to consume large quantities of manure.
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Cattle easily damage moist clay soil, creating divots and ruts. A herd of 100 dairy cows or
more grazing a three acre paddock could trample dung beetle brood nests. Dung beetle
larvae take several weeks to months to develop, and pupae often diapause underground
until conditions are right for their emergence, subjecting the immature dung beetles to
disturbance every 18 days by rotational-grazing cattle. The DEIS neglects to consider what
impacts the paddock rotation schedule could have on dung beetles.

The DEIS does not analyze the effects of excessive soil moisture on dung beetle dungburying capacity. Soil moisture contributes to dung beetle breeding success as well. Soils
that are too wet will support fewer dung beetles than drier soils67, 68. Excess moisture
results in higher mortality of dung beetle eggs and larvae in the top 10 cm of the soil
beneath dung pads69, 70, 71. HDF clay soils will likely be saturated or nearly saturated most
of the year, due to rainfall patterns and irrigation that spreads liquid manure from washdown in the HDF milking parlors72. This water could flood dung beetle nesting burrows,
drowning the larvae and adults guarding the nesting burrows. Poorly drained clay soil
promotes larvae-killing mold and fungi that could cause dung beetles to fail to establish at
HDF75.
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 Controlling Pest Flies
The DEIS claims that dung beetles will reduce pest fly populations by 95% (DEIS page 439, Appendix B page 30). This claim is contradicted by their own manure-related
arthropod survey. Dung beetles (Onthophagus gazella), and biting stable flies were both
found to be abundant during the survey. The claim of “95% control” is from a laboratory
experiment55 and does not represent what could occur under actual field conditions. A field
study investigating the control of horn flies by dung beetles found the carrying capacity of
each day’s excreta was about 20,000 horn flies per cow80. That amounts to almost 14
million horn fly larvae per day for the 699 initial herd size daily. The study found that the
presence of 50 pairs of the dung beetle O. gazella per kg of manure would result in a 50%
mortality to horn fly larvae, leaving about 10,000 viable larvae per cow per day, (6,990,000
viable horn fly larvae per day), and would have little effect on adult horn fly populations.
They concluded that the effect of dung beetles in removing pest fly larval habitat would be
relatively small80.

Cane toads at the proposed HDF site eat dung beetles. Studies have found as many as 80
dung beetles in a single cane toad preying next to cow manure78, 79. Predation on dung
beetles by cane toads around dung pats reduces the number of dung beetles enough to
substantially influence dung pat breakdown75. The DEIS did not consider the potential
impacts predators may have on dung beetle establishment and effectiveness at controlling
pest flies or the massive amount of manure that would be generated by dairy cows.

 Dung Beetle predators
The potential for dung beetles to bury significant quantities of manure may be limited by
dung beetle predators. The faunal report attached to the DEIS (Appendix A) lists several
species of birds, many of which are insectivores, including the cattle egrets (Bubulcus ibis),
Plovers (Pluvialis filva), the Myna (Acridotheres tristis), and barn owls (Tyto alba). These
birds or similar species have been observed eating dung beetles in pastures68, 75, 77 and may
be responsible for large amounts manure being left above ground56.
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 Soil Types and Conditions
The DEIS fails to consider how HDF clay soils will impact dung beetle dung-burying
capacity. The most abundant soil types occurring throughout the HDF site are Kalihi Clay
and Kaʻena Clay Brown Variant, accounting for more than 60% of the area (DEIS page 48). The rest of the soils at HDF are other types of clay (about 30% of the area) and clay
loam (about 10% of the area). Dung beetles are less efficient burying dung pats on clay
soils than on sandy soils62, 63, 64, 65, 66 and more dung beetle species prefer sandy soil habitats
to clay soil habitats62. Onthophagus gazella, the most abundant dung beetle at the proposed
HDF location, usually buries pats on sand or sandy soils rather than on heavier soil types55.
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fly development under laboratory conditions. Under field conditions on Kauaʻi, even more
dung beetles could be required to effectively suppress development of fly larvae. Even
when a large number of dung beetles are present, soil type and mutual interference can
lower the manure-burying capacity of dung beetles and thereby reduce the effectiveness of
fly control56. It is not reasonable to expect HDF to be able to capture and translocate 2.7
million dung beetles on Kauaʻi. If 2,000 cows are at HDF, then 8 million actively feeding
adult dung beetles could be required on any given day to effectively suppress fly
development under laboratory conditions56. The DEIS neglects to provide sufficient
information about how many dung beetles would be translocated and how they intend to
capture the large numbers of dung beetles necessary to control pest flies and process
manure pats.
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Of these numerous biocontrol species introduced to control horn flies in Hawaiʻi16, 39 only
eight are found on Kauaʻi 44. Even with the release of these beneficial insects, the horn fly
continues to be a serious pest in Hawaiʻi81.
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A dairy cow produces up to 2.3 cu. ft. (~28 l) of manure per day (HDF Waste Management
Plan), thus six hundred and ninety-nine dairy cows can produce about 1,608 cu. ft. (19,572
l) of manure per day. Under laboratory conditions it requires 840 pairs of dung beetles
(Onthophagus gazella) per cu. ft. to effectively suppress the development of horn flies for
the volume of manure from 699 dairy cows55. It is estimated that it would require about 2.7
million actively feeding adult dung beetles on any given day to effectively suppress horn

The DEIS states that deploying a night collection light and white sheet can collect many
adult dung beetles to quickly boost the population at HDF (DEIS page 4-40, Appendix B
page 29). The DEIS fails quantify the number of dung beetles that would be collected with
these traps. It is unlikely that translocation of dung beetles from other areas on Kauaʻi will
provide a sufficient number of dung beetles capable of immediately controlling manurerelated flies. Biological control experience with dung beetles found that beetle populations
did not increase rapidly and disperse until up to 10 years after mass release28, 54.

¾ Translocation of Dung Beetles
HDF intends to translocate dung beetles from elsewhere on Kauaʻi or, working with State
Department of Agriculture to translocate beetles from other Hawaiian islands (DEIS pages
1-15, 4-42, 4-81, Appendix B pages 2, 29, 30, 31). The DEIS neglects to analyze the
impacts of depleting dung beetle populations on or near the collection properties.

It is unlikely that HDF will achieve significant pest fly control with dung beetles. The DEIS
does not provide an IPM plan that fully describes how pest flies would be controlled.

The possibility of translocating invasive species
Who will collect the dung beetles to be translocated
How will insect species other than dung beetles be removed from the collections
before transport
What methods will HDF employ to ensure survival of the translocated species
during transport
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The DEIS fails to consider that dung beetles may become a nuisance pest on nearby
properties. Dung beetles are attracted to lights and even if a portion of the millions of dung
beetles HDF hopes to have at the dairy are attracted to lights at resorts and homes near the
dairy the beetles could be bothersome.

x

x
x
x

The DEIS fails to consider the accidental release of pest species collected with the dung
beetles. Many species of insects are attracted to lights at night, and will gather on the
collecting sheets. Dung beetles are less than 10 mm (½ inch) long and some pest species
in the same family (Scarabaeidae) look similar to dung beetles on the collecting sheets at
night. For example, the Chinese Rose beetle (Adoretus sinicus Burmeister), a serious pest
of over 500 native and landscape plants in Hawaiʻi, is about the same size as dung beetles
found on Kauaʻi. The accidental collection and relocation of pest beetle species to HDF
could result in migration to nearby golf courses and landscaping. Adult dung beetles are
potential carriers of rhabditic and helminthic worms and other organisms (including
phoretic mites), and scientists recommend that only dung beetle eggs can be translocated
in order to prevent worm contamination57. The DEIS does not address:
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There are two reasons why dung beetles have not effectively controlled horn flies on Kauaʻi
First, the dung beetle Oniticellus militaris does not dispose of manure swiftly enough to
have an appreciable impact on horn fly survival. Horn fly eggs hatch quickly, and larvae
pupate under the manure, avoiding disturbance by beetles82. Secondly, horn flies oviposit
whenever suitable manure is present, whereas most dung beetles fly at night to find a
suitable dung pat to exploit 82. This gives the flies a competitive advantage. Horn fly eggs
hatch within hours and larvae start developing, but control is effective when only eggs are
present81.
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 Cave Arthropods
The DEIS fails to analyze potential impacts to endangered arthropod species. There are
two species of endangered cave arthropods on Kauaʻi, the Kauaʻi Cave Wolf Spider
(Adelocosa anops Gertsch) and the Kauaʻi Cave Amphipod (Spelaeorchestia koloana).
These unusual animals are known only from caves, subterranean cracks, and microcaverns
(voids and inaccessible passages) in Koloa District on Kauaʻi83.

¾ Endangered Species
The DEIS states there are no native, protected, or endangered insect species within the
proposed HDF site (DEIS page 4-40, Appendix B page 12-13), however, HDF failed to
perform a complete arthropod survey and assessment, and did not consider impacts
information about Kauai’s endangered cave arthropods.
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It is likely the lava tube system below HDF is connected to the cave habitat of these two
endangered species89. Herbicides and pesticides and other ground-water contaminants that
will be applied at HDF may migrate to microcavernous habitat and impact the endangered
species there. These cave animals are particularly vulnerable to pesticides and
contaminants because of their affinity for moisture85 and because the exoskeleton of the
Hawaiian cave organisms is permeable to water90. Even when pesticides are not used
directly above a lava tube, pesticides can leach into the microcavernous habitat, exposing
the species to additional risk via absorption of contaminants through their exoskeleton91.

Hawaiian troglobitic arthropods live in suitable spaces in both the microcavernous habitats
and in the larger cave habitats84. While the principal habitat for most cave-dwelling species
is in spaces 0.5 to 10 cm, cave species can disperse through microcavernous
spaces85, 86, 87, 88.

Habitat for these cave arthropods is not exclusively large caves that can be detected by
wandering haphazard transects across proposed HDF pastures. Interstitial spaces and
cracks form in lava as it cools, resulting in an interconnected system of voids up to 20 km
long84. The small spaces are known as microcavernous habitat.

The DEIS states there is no evidence of lava tubes or caves at the HDF site and that no
such features have been reported nearby (DEIS page 4-42, Appendix B pages 2 and 20),
yet it acknowledged that there are caves within 0.75 miles of the proposed dairy (DEIS
page 4-40). One of these is within the Makauwahi Cave Reserve, where Kauai’s
endangered cave arthropods have been observed82.

The cave wolf spider is an opportunistic predator, feeding on whatever prey it can find.
The cave amphipod is a detritivore, feeding on roots and decaying vegetation. Its food
source can be disturbed by altering the vegetation above the habitat83.

Potential threats to Kauai’s Endangered Cave Arthropods82
o Pesticides
o Non-Native Invasive Species
o Habitat disturbance
o Altered humidity levels
o Insufficient food source
o Contaminants in ground water
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Hawaiian Native, Threatened, and Endangered Species
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¾ Native Insects
The DEIS did not conduct a standard arthropod survey and assessment. The manure-related
arthropod study was not sufficient to inform the public about all potential arthropod species
that occur at the HDF site. According to the report (DEIS Appendix B):

Even if not killed outright, sublethal effects of pesticides on the cave animals could reduce
fecundity and life span, slow development, and impair mobility and feeding efficiency92.
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Partial List of Hawaiian Native Forest Birds on Kauaʻi95
Common Name
Scientific Name
Puaiohi
Myadestes palmeri
'Akeke'e
Loxops caeruleirostris
'Akikiki
Oreomystis bairdi
'Anianiau
Hemignathus parvus
'Apapane
Himatione sanguinea
'Elepaio
Chasiempis sandwichensis sclateri
'I'iwi
Vestiaria coccinea
Kauaʻi 'Amakihi
Hemignathus Kauaiensis

Mosquitoes are not only a problem for humans, annoying us while they seek to extract a
blood meal, they are also a serious problem for Hawaii’s famous forest birds. Mosquitoes
carry avian malaria that has caused a number of extinctions, population declines, and range
contractions of native birds in Hawaiʻi95. Uncontrolled at HDF, mosquitoes can multiply
rapidly and migrate to bird nearby upland habitats where they can infect these threatened
and endangered species.

¾ Kauaʻi Forest Birds
The DEIS fails to discuss potential impacts to endangered Hawaiian forest birds by
mosquitoes. There is a potential for mosquito populations to increase at HDF. Moist
ground around troughs and in paddocks often become roughened by cattle hooves,
producing myriad small pockets of water where mosquitoes can multiply93. Dairy waste
water in ponds and slow moving waterways can be havens for mosquitoes94. The DEIS
neglects to address control measures for mosquitoes at HDF.
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Only sixteen arthropod species were identified in the manure-related arthropod survey. A
study of a similar landscape less than 15 miles from HDF identified 238 insect species,
about 10% of which were native Hawaiian species96. A complete and thorough arthropod
survey is required to fully assess the impacts of the project on the existing arthropod fauna.

x

x

The primary purpose of the survey was to determine the presence or absence of
species associated with the manure of cattle and of the parasites and predators that
control them.
The major focus of the survey was on the fresh and dry manure generated by beef
cattle at the adjacent pasture for Māhāʻulepū Cattle Co.
No attempt was made to document endemic and indigenous Hawaiian invertebrate
species, although they were reported when seen.
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The DEIS also failed to disclose the impacts to Kauai’s endangered cave arthropods from
pharmaceuticals typically used by dairies, including antibiotics, anthelmintics, and
parasiticides. HDF failed to reveal the half-life of these chemicals, and the persistent
impacts they may cause, especially to Kauai’s endangered cave arthropods. These
pharmaceuticals may leach into ground-water and find their way to underground cave
arthropod habitats.
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The DEIS failed to consider potential impacts to Kauai’s forest birds by avian malaria
carrying mosquitoes that would breed on HDF pastures, ponds, and waterways.

The DEIS overlooked potential impacts to Hawaiian native, threatened, and endangered
species on Kauaʻi. Changes to above-ground vegetation and the impacts that may have on
microcavernous habitats of Kauai’s endangered cave arthropods was not provided in the
DEIS endangered species analysis. The potential impacts to cave-dwelling arthropods
from veterinary pharmaceuticals, herbicides, and pesticides that would be used at HDF was
not analyzed or discussed in the DEIS.

The DEIS did not fully consider the difficulties associated with dung beetle biological
control of manure and manure-related arthropod pests. Dung beetle species are unevenly
distributed throughout their ranges. Their occurrence, activity, and abundance is influenced
by soil and vegetation type, and by seasonal variations in temperature and rainfall. The
current distribution of dung beetles on Kauaʻi is not known and there are no published data
on their population densities and little on the effect that any of these insects has on dung
decomposition or pest fly species in Hawaiʻi. The limitations of beetle nesting biology, soil
type, excessive moisture, competition for nesting, predators and the effectiveness of dung
beetle control of pest flies were not analyzed in the DEIS.

The DEIS neglected to provide sufficient information about the control of the biting and
nuisance flies, and failed to provide an Integrated Pest Management plan, depriving the
public of the opportunity to properly evaluate the impacts of the dairy’s operation.
Insufficient information was provided in the DEIS regarding chemicals that would be
applied at HDF, the kinds of mechanical devices that would be deployed for pest fly
control, and the species and source of parasites or predators that may be released. HDF
failed to consider the accidental release of landscape and turf pests when translocating dung
beetles, and other associated concerns with invasive species.

The Hawaiʻi Dairy Farms Draft Environmental Impact Statement did not fully analyze the
arthropod-related impacts of dairy operations on nearby properties. It failed to discuss all
the pest flies and the potential impacts of the increase in their populations that will result
from manure generated by dairy cows.
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HDF did not conduct a standard arthropod survey and assessment for native, threatened, or
endangered species. The manure-related arthropod study was not sufficient to analyze all
potential impacts to Hawaiian native species.
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V. CONCLUSIONS
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2.
Probable Impacts of FIB/Pathogens were not included in the DEIS despite being a
known impact of dairy farming.
2.1.
Dairy wastes are known sources of pathogens with the potential to negatively
impact surface and groundwater, especially under conditions found at the proposed
HDF. 18
2.2.
Pathogens are able to survive days to months within cow patties and in
effluent ponds which will allow time for transport offsite.
2.3.
Pathogens related to livestock manure have been implicated in multiple
outbreaks of human illness.
2.4.
Much of the soil at the HDF is described as “anaerobic” and poorly drained,
which may affect the potential for pathogens to survive and be transported offsite (as
well as the transport of nutrients and other chemicals).
2.5.
Unlike nutrients, which the DEIS asserts will remain constant with the
proposed change from a 699-head up to a 2,000-head farming operation (assuming
the appropriate adjustments in fertilizer applications), pathogens would be expected
to scale proportionally with the change in manure input. This is not addressed in the
DEIS. 24
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1.
Information provided in the DEIS was incomplete with regard to describing
pathogen/FIB baseline conditions and did not show an understanding of pathogen risks
in the Hawaii environment.
1.1.
FIB baseline studies did not account for seasonal (rainfall, temperature)
variability.
1.1.
FIB baseline studies did not provide any replication to understand the
variability associated with the measured values.
1.2.
The presence of FIB in the Waiopili Stream above acceptable levels prior to
dairy operation does not mean that FIB and pathogens from operations from the dairy
do not need to be considered during the EIS.
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4.
Given that there is the potential for pathogen transport to surface and ground water
as well as taro farm crops, the HDF should have a monitoring program to determine the
extent of any impact from the HDF, and response measures should be described if an
impact is observed.

Summary

28

26

3.
Mitigation Measures to control the risks of pathogen transport to surface and
ground waters were not included in the DEIS, as no impact of the dairy farm was
considered.

2.6.
The taro farm which is nearly enclosed by the HDF property has fields with
standing water and represents another potential source and/or receptor for pathogens
which was not considered by the HDF in the EIS.
2.7.
The use of burial pits for deceased cattle described in the Animal Mortality
Management Plan included in the HDF Waste Management Plan and referenced in
the DEIS presents an additional risk for pathogen transport to ground or surface
waters. 27
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by increasing concentrations of nutrients and also as a source of pathogens that may pose risks
to human health. The issue of microbial pathogen impact has previously been raised by several
community groups (e.g., comments provided by Surfrider and Friends of Māhāʻulepū on
HDF’s January 2015 Environmental Impact Statement Preparation Notice), and the 2016 DEIS
released by HDF cites a recent Hawaii Department of Health (HDOH) study showing that fecal

and more specifically cattle manure, contain a diverse range of microorganisms at high

concentrations, including human pathogens and fecal indicator bacteria (FIB) and are widely

recognized as a potential source of FIB and pathogens to local watersheds (Haack et al. 2015;

Collins et al. 2007). Due to conditions at the proposed HDF site, pathogens in manure may

impact surface and groundwater quality and pose risks to human and ecological health.

Campylobacter, Cryptosporidium, and viruses (U.S. Environmental Protection Agency [EPA]
2010). As it is impractical to test for all of these organisms in water samples, several fecal
indicator bacteria (FIB) are used to identify the presence of human sewage or animal waste in
recreational and drinking waters for regulatory purposes. The FIB species are chosen because
they are abundant in sewage and waste and are less likely than other species to grow and
replicate in the environment, although growth in Hawaii’s tropical climate does occur. The
presence of these organisms is used to indicate the likely presence of actual human pathogens.

and transport, an analysis of the potential impact of pathogens and FIB produced by the

proposed HDF facility was not included in the DEIS submitted by HDF. The DEIS does not

propose any method for the HDF operators or others to determine whether impacts are

occurring, as no monitoring program is proposed for pathogens. As the potential impacts of

pathogens and FIB were not specifically assessed in the DEIS, no mitigation measures were

proposed to address any impacts.
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microbial pathogens discharged from the HDF. The objectives of this report are to identify

FIB and has failed to adequately characterize the human health or ecological impacts of

The DEIS as written has failed to acknowledge the potential impact of microbial pathogens and

due to the presence of FIB above regulated levels.

FIB and has failed to adequately characterize the human health or ecological impacts of

microbial pathogens discharged from the proposed HDF.

States and elsewhere and have resulted in many fresh and salt water recreational water closures

The DEIS as written has failed to acknowledge the potential impact of microbial pathogens and

Dairy farms have been implicated in several outbreaks of disease due to pathogens in the United

Human pathogens in cow manure can include E. coli O:157, Listeria, Salmonella,

the environment of the proposed HDF location being specifically suited to pathogen survival

Measures associated with fecal pathogens from operations on the proposed dairy farm.

human health is cursory, and the document does not address Probable Impacts or Mitigation

middle of the HDF;. however, the DEIS’s treatment of pathogens and the associated risks to

Despite dairy cows being a known source of fecal pathogens to stream and ground waters, and

conditions and did not show an understanding of pathogen risks in the Hawaii environment.

provided in the DEIS was incomplete with regard to describing pathogen/FIB baseline

and around the proposed dairy site, as indicated by the presence of FIB; however, information

indicator bacteria are elevated in the Waiopili Stream, the surface water flowing through the

providing nutrients for grass growth, manure may impact surface and groundwater quality, both

Hawai‘i Dairy Farms (HDF) before being used as agricultural fertilizer; however, dairy wastes,

In the DEIS, HDF relied on two studies to characterize the baseline pathogen concentrations in

Dairy Farms 2016), manure from dairy cows will be stored and handled onsite at the Hawai‘i
Dairy Farms (HDF) before being used as agricultural fertilizer; however, in addition to

Dairy Farms 2016), manure from dairy cows will be stored and handled onsite at the proposed

Under the scenarios presented in the Draft Environmental Impact Statement (DEIS; Hawai‘i

Introduction

July 2016

Under the scenarios presented in the Draft Environmental Impact Statement (DEIS; Hawai‘i

Executive Summary

July 2016
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from the proposed facility and to request additional information from the preparers of the DEIS.

important information lacking in the DEIS related to the potential impact of FIB and pathogens

July 2016
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in and around the proposed dairy site, as indicated by the presence of FIB. The first is a report

In the DEIS, the HDF relied on two studies to characterize the baseline pathogen concentrations

C. perfringens may indicate fecal contamination.

Monitoring and Assessment Report lists 50 CFU/100mL as the guideline concentration at which

does not have an enforceable regulatory level. The 2006 State of Hawaii Water Quality

CFU per 100 mL. C. perfringens is another FIB that can be used as a secondary indicator, but

forming units (CFU) per 100 milliliters (mL) over 30 days with no single sample exceeding 130

criteria for enterococci in recreational waters is a geometric mean of less than 35 colony

waters and Clostridium perfringens as a secondary indicator. Hawaii’s bacteria water quality

pathogens in the water. Hawaii uses Enterococcus to determine impairment of recreational

fecal matter, FIB are used to estimate of the amount of feces and the likely presence of fecal

Because of the difficulty of directly measuring the many pathogens which might be present in

(HDF 2016, Appendix K and pp. 4–54).

some conditions, shallow groundwater may be expected to discharge to the surface streams

much of the site, occurring at only 24 inches below ground surface in some areas, and, under

purposes (DEIS Table 505 and Haw Admin. R. 11-54-3). Groundwater is shallow throughout

protected for recreational use and the support and propagation of aquatic life as well as other

Stream are considered “Class 2” waters under the Clean Water Act, and, as such, they must be

for approximately a mile before discharging directly to the ocean. Waters of the Waiopili

channelized during previous agricultural uses. The stream continues makai of the proposed dairy

and runs through the HDF property. Within the immediate area of the HDF, the stream has been

The Waiopili Stream is a seasonal freshwater stream which drains the surrounding subwatershed

1. Information provided in the DEIS was incomplete with regard
to describing pathogen/FIB baseline conditions and did not
show an understanding of pathogen risks in the Hawaii
environment.

Comments

July 2016

during the full range of anticipated conditions, existing sampling is not adequate to determine
spatial or temporal trends.

Each only focused on concentrations of FIB present in surface waters and did not consider

rainfall conditions. Baseline concentrations of pathogens or FIB were not measured in

1501952.000 - 0526
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to generate flow from the Waiopili Stream to the marine environment (Figure 1, further details

were collected during the winter, which is the wettest season in Kaua‘i and the one most likely

July 9, 2015 were analyzed for both Enterococcus and C. perfringens; however, no samples

March 4, 2015 were analyzed only for Enterococcus. Samples collected on May 8, 2015 and

the Waiopili Stream as well as at the beach and in nearshore marine water. Samples collected on

MRC collected samples to analyze for FIB on three days to characterize baseline conditions in

period that is longer than the 30 days used to calculate the geomean for regulatory purposes.

taken over approximately four months (November 6, 2014 through March 3, 2015) a time

The geometric mean concentrations (geomean) reported in the HDOH report include samples

although they were elevated above the 50 MPN/100mL guideline at most downstream locations.

in the downstream direction. C. perfringens concentrations did not follow the same trend,

than 2,005 most probable number (MPN)/100 mL and generally (but not consistently) increased

FIB Enterococcus and C. perfringens. Enterococcus concentrations ranged from 42 to greater

during a four month period (from November 2014 through March 2015) and analyzed for the

HDF operation). HDOH collected five sets of samples from 12 sites along the Waiopili Stream

conditions on the HDF property, but it provides information on existing conditions (i.e., prior to

in/near the Waiopili Stream. This study was not intended to characterize the baseline pathogen

The HDOH study was precipitated by citizen-group efforts to document the microbial condition

1.1.
FIB baseline studies did not account for seasonal (rainfall,
temperature) variability.

1501952.000 - 0526
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information on heterogeneity in this environment; however, the HDOH collected samples on

the FIB studies. Neither the HDOH nor MRC analyzed duplicate samples, which might provide

Another factor which may make baseline trends difficult to interpret is the lack of replication in

1.1.
FIB baseline studies did not provide any replication to
understand the variability associated with the measured values.

Figure 1. Average monthly rainfall at Lihue airport from 1981 to 2010.

0
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4
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6

pattern” (HDF 2016, pp. 4–63). Given the limited number of samples and the failure to sample

the presence of dairy cows on the proposed HDF facility and represents the pre-dairy condition.

groundwater for this DEIS.

on these studies, in the DEIS, HDF concluded “Counts of indicator bacteria (Enterococcus and
C. perfringens) in surface water samples and nearshore marine samples showed no repetitive

clear how they related to the location of the freshwater input from the Waiopili Stream. Based

elevated concentrations of FIB where the stream meets the beach. The second was a study of

which was included as Appendix F to the DEIS. Each of these studies was completed prior to

Additionally, the collection of “beach” and “ocean” samples was not described, and it was not

bacteria in the Waiopili Stream, prompted by studies performed by citizen groups which alleged

Surface Water Quality and Marine Assessment (Marine Research Consultants, Inc [MRC] 2016)

in Exponent 2016b). Specific rainfall conditions prior to and during sampling were not reported.

July 2016

generated by the Hawaii Department of Health (HDOH 2016) which characterized FIB indicator
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Figure 2. Concentrations of enterococcus (MPN/100 mL) in the Waiopili Stream on consecutive
days.
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efforts or changes from baseline will be difficult to interpret.

would be more consistent. Without an understanding of the variability, any future monitoring

secondary tracer, which is less likely to grow and reproduce in the Hawaiian environment,

perfringens was not measured on 3/4/16 by MRC, so it is not possible to compare whether the

sampling location, or differences in sampling or analysis protocols between the two studies. C.

whether this variability is due to temporal differences on the scale of a day, slight differences in

between the two sampling dates. There is not enough information available to understand

Comparing the Enterococcus concentrations (Figure 2) showed differences which varied largely

March 3, 2015, and MRC sampled the same locations on the following day (March 4, 2015).

Enterococcus (MPN/100 mL)

13

https://iaspub.epa.gov/waters10/attains_nation_cy.control?p_report_type=T#causes_303d
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survival in sub-optimal conditions for long periods of time, including in marine environments

refute it. Cryptosporidium and Clostridium form cysts and spores, respectively, enhancing

data presented in the MRC report do not substantiate this claim, and external studies appear to

the Waiopili Stream due in part to “toxicity from saline water” (HDF 2016, p. 155); however,

The DEIS states that concentrations of pathogens were significantly lower in the ocean than in

1.3.
Assertions that concentrations of pathogens will decay rapidly
in marine waters receiving input from the Waiopili Stream due to
“toxicity” are not supported by data.

FIB (HDOH 2016).

This is supported by the HDOH conclusion that sediments in this area may act as a reservoir for

increase the human health risk in the Waiopili Stream and in the ocean downstream of the HDF.

pathogens, suggesting that any increase in pathogen loadings from the dairy farm will only

adjacent to the HDF may provide habitat favorable to the survival and growth of FIB and

mercury.1 The presence of FIB prior to dairy operation suggests that the receiving waters

the second most frequent subject of a Total Maximum Daily Load (TMDL), behind only

Pathogens are the most commonly listed cause of impairment for 303(d) listed waters and are

expected to be enhanced during wet weather events. In the DEIS, these risks are not considered.

currently do not exceed water quality standards. In addition, transport of FIB and pathogens is

is expected to exacerbate the existing problem and/or to cause exceedances in areas which

liquid and solid manure to select paddocks at the HDF site. Once it begins to operate, the HDF

occur once large numbers of dairy cows are grazing this land, and with the application of both

DEIS does not discuss any potential changes in pathogen concentrations or loading which may

Waiopili Stream is already impaired on and downstream of the proposed HDF property. The

Based on the two cited studies (HDOH 2016 and MRC 2016), the DEIS stresses that the

1.2.
The presence of FIB in the Waiopili Stream above acceptable
levels prior to dairy operation does not mean that FIB and
pathogens from operations from the dairy do not need to be
considered during the EIS.

July 2016

locations makes evaluation of the data impossible. The report contains no discussion of the
source of the “beach” and “ocean” samples, such as criteria applied to select sample locations or
the water depth from which the samples were collected.

bacteria and protozoa. For example, Fayer and others studied the survival of Cryptosporidium

parvum oocysts in artificial seawater at various salinities and temperatures and reported a 4-

week survival time in water with a salinity of 30 ppt at 20 °C (Fayer et al. 1998). An evaluation

shows that location and depth are critical in capturing the plume of discharging water from the
stream. For example, Figure 7 from the MRC (2016) report shows that samples collected from
two of four transects were characterized by low salinity in the “shallow” samples, but the other
two transect locations were not impacted by discharging fresh water (Figure 3). The data in
Figure 3 indicate that a plume of stream-impacted water extends from the discharge point, but
that the effects are localized. Thus, knowing the locations of ocean and beach samples (i.e.,
inside or outside of the plume) collected for pathogen analysis are essential to understand the
implications of the results, and these locations are not shown or described in the report. The lack

the growth of E. coli as long as sufficient organic nutrients are supplied such that E. coli may

out-compete naturally-occurring marine bacterial strains (Rozen and Belkin 2001) Microcosm

experiments have demonstrated persistence and growth of Enterococcus casseliflavus and

Enterococcus faecalis at 30 °C for 28 days in the presence of plankton, which suggests that

enterococci may be able to multiply in marine environments (Mote et al. 2012). Clearly,

evidence in the scientific literature suggests that pathogens can and do survive in marine

environments. Thus, the DEIS’s assertion that toxicity from saline water will rapidly reduce

pathogen concentrations is unsupported and likely incorrect.

14

See Ecological impacts report for additional details (Exponent. 2016a).
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antecedent rainfall, which may have altered the transport and dilution of microbes in the

of which occurred during the rainy season (winter). The sampling events did not account for

scope, with only three sampling dates for samples collected from the “beach” and “ocean,” none

the DEIS are not sufficient to fully characterize potential impacts. Sampling was limited in

marine environment, the field measurements and samples collected by MRC and described in

Compounding the issues surrounding poorly-supported assertions of toxicity caused by the

possibly ecological consequences as well.2

the presence of FIB in marine environments has potential human-health consequences and

based on Enterococcus levels for recreational waters (HDOH 2014). Based on current standards,

of FIB. As of 2014, eleven marine locations on the island of Kaua‘i were listed as impaired

1501952.000 - 0526
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suggests that mixing was not instantaneous, a conclusion supported by the data shown in Figure

impacted by the stream. High variability in measurements taken on a single sampling date

The MRC (2016) report does not establish that the “ocean” samples were collected from areas

Figure 3. Four transects shown relative to stream discharge point and the associated salinity
data. Adapted from MRC (2016) Figures 1 and 7.

Stream Discharge Point

during sample collection and analysis.

contradicted by state and federal standards, including US EPA Recreational Water Quality

Criteria (EPA 2012), under which ocean beaches can be declared “impaired” due to the presence

evaluate the validity of samples without a comprehensive description of protocol followed

The claim that saline water is toxic to pathogens and will thus render them harmless is

of information about field sampling extends to collection protocols. The public cannot properly

The exact locations and depths of the samples are not presented, though the MRC report plainly

that light (radiation) is the most challenging factor and that salinity does not significantly impact

of biotic and abiotic factors that affect survival of enteric bacteria in marine environments found

Waiopili Stream. Furthermore, the lack of description of the “beach” and “ocean” sample

July 2016

(Grimes et al. 1986) and viruses may survive even longer in marine environments than typical

July 2016
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See also the analysis of Water Impacts in the DEIS, Exponent 2016b.
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Figure 4. Enterococcus concentration decreases generally with salinity, suggesting that mixing
is not instantaneous and that dilution alone may account for reductions in
pathogen concentration.
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be highest on the beach and in the water immediately adjacent, the presence of FIB exceeding

marine environment.

ocean

extends several meters from the shoreline,” but because recreational use in this area is likely to

support the conclusion that reductions in pathogen concentrations are caused by toxicity in the

beach

same day. The MRC report states that the area of elevated FIB in the “ocean” samples “only

reduction of salinity and Enterococcus concentrations, and MRC (2016) presents no evidence to

12

with the absence of Enterococcus in the freshwater sample collected from station 11 on the

those values are indicative of mixing. Dilution alone can account for both the observed

12

salinity about half that of ocean water and no detected Enterococcus, but which is consistent

by ocean water while freshwater samples have a salinity of less than 1 ppt. Salinities between

3/4/2015

unacceptable levels. The exception was the sample collected on March 4, 2015, which has

ocean water. Samples with a salinity of approximately 35 parts per thousand (ppt) are dominated

1501952.000 - 0526

discharges from the HDF.
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o Economic impacts of potential beach closures from FIB exceedances related to

fields via airborne contamination or runoff; and

o Human health impacts associated with transport of pathogens to the adjacent taro

in both freshwater and marine systems;

o Ecological health impacts due to pathogens in surface or groundwater, including

marine waters which receive water from the stream;

o Human health impacts from pathogens in the Waiopili Stream and the adjacent

These impacts may include:

pathogens resulting from the HDF.

discussed in the baseline studies, the DEIS includes no discussion of potential impacts due to

present on the site (including insects). While the presence of FIB as an indicator of pathogens is

to surface waters, groundwater infiltration, overland transport, and transport via organisms

The proposed HDF project has the potential to contribute to an increase in pathogens via runoff

2. Probable Impacts of FIB/Pathogens were not included in the
DEIS despite being a known impact of dairy farming.

from shore.

water quality guidelines in this area presents the greatest human health risk compared to farther

indicating that freshwater-impacted ocean water was also impacted by Enterococcus at

Salinity can be used as a conservative tracer to determine the magnitude of freshwater impact on

2500

Enterococcus levels above the regulatory guidelines of 130 MPN/100 mL for a single sample,

salinity and Enterococcus concentrations were measured within “ocean” samples (Figure 4).

July 2016

Two of the three “ocean” samples which contain measurable freshwater (salinity < 34 ppt) have

July 2016

3.3 Variability is most evident when comparing Enterococcus and salinity; a range of both

Enterococcus (MPN/100 mL)
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these pathogens, four additional pathogens commonly found in manure, and FIB in cattle

Campylobacter (EPA 2010; Haack et al. 2015). Table 1 below summarizes the concentrations of

ability to multiply in the environment, are Cryptosporidium, Giardia, E.coli, Salmonella and

livestock waste, based on their abundance in manure, occurrence in water, and persistence and

high concentrations, including human pathogens and FIB. The primary pathogens of concern in

Dairy wastes, and more specifically cattle manure, contain a diverse range of microorganisms at

pathogen

Mycobacterium
paratuberculosis

7

7

7

,

6

Up to 1 x 10 /g at peak shedding

6

1–17 cysts /g, 1.9 to 29.9 cysts /g at a
dairy farm in Canada a mean of 3,039
cysts /g from 212 dairy farms in New
York .

5

6.9 × 10 to 7.2 × 10 CFU/g (dry
weight)

1–25 oocysts per gram up to 447
oocysts /g per gram on a California
dairy farm; 1,778 oocysts /g per gram
with a highest observed density of
280,000 oocysts /g per gram, 21,090
oocysts /g per gram at a dairy farm in
New York.

CFU/g

15 – 1.8 x 10 CFU/g, median: 4.3 ×
2
10

3

1.6 × 10 to 3.2 × 10 CFU/g (dry
weight)

5.9 × 10 to 4.8 x 10 CFU/g

6

1.27 x 10 CFU/g

4

5-7.9 x 10 colony forming units per
2
gram (CFU/g), median: 4.5 x 10

4

(as wet weight unless specified)

Concentrations in cattle manure

John Kirk, U of Tulare

Moriarty et al. 2008;
Heitman et al. 2002; Wade
et al. 2000

Sinton et al. 2007

Moriarty et al. 2008; Atwill et
al. 2006; Sturdee et al.
2003; Wade et al. 2000

Moriarty et al. 2008

Sinton et al. 2007

Moriarty et al. 2008; Sinton
et al. 2007

Thurston-Enriquez et al.
2005

Moriarty et al. 2008;

Source
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microbial pathogens listed in Table 1 are typically between one and three orders of magnitude

produced at the HDF per day could be up to 18 billion Enterococcus. Concentrations of

Enterococcus CFU/g (median estimate based on Table 1), the total number of Enterococcus

accounts for lactating cows present, and Enterococcus concentrations in cattle feces of 450

pounds. of feces per day. Assuming a herd of 699 cattle, which is conservative as it only

and in comments by Meyer (2016) each head of cattle excretes approximately 90.8 to 128

watershed could be significant. On average, according to calculations in the DEIS (HDF 2016)

The loading of FIB and pathogens from cattle at the HDF to the pasture and potentially the

pathogen

pathogen

Giardia

fecal
streptococci

pathogen

pathogen

Campylobacter

Cryptosporidium

pathogen

pathogen/FIB

FIB

pathogen/FIB

Role

Salmonella

E. coli

a pathogen risk which is elevated compared to other runoff debris.

Enterococcus

Organism

Clostridium
perfringens

2.1.
Dairy wastes are known sources of pathogens with the
potential to negatively impact surface and groundwater, especially
under conditions found at the proposed HDF.

July 2016

Table 1. Zoonotic microbial pathogens associated with adverse human health outcomes and
FIB identified in cattle manure

those expected to be washed into the stream from elsewhere, and the manure particles represent

67). This is misleading at best since the composition of the manure particles is different from

agricultural ditches will be a small fraction of the total from the watershed” (HDF 2016, pp. 4–

stream: “The relative contribution of manure particles in the stormwater flows within the

Stream by describing them as insignificant because of the presence of other particles in the

In the DEIS, the HDF justifies the discharge of manure particles into the reaches of the Waiopili

July 2016

microorganisms (Byappanhalli et al. 2012). Furthermore, different microbial species can adopt
differing survival strategies in harsh environments. Microorganisms able to form spores (e.g., C.
perfringens), oocysts, and cysts (Cryptosporidium and Giardia) increase survival times over

enough numbers they can contaminate runoff and be carried into local watersheds (EPA 2010).

Transport mechanisms to local watersheds include (Haack et al. 2015; Collins et al. 2007):

have been shown to grow in Hawaii soils and waters (Hardina and Fujioka 1991; Byappanahalli
et al. 2012). Weather on the eastern shores of Kaua‘i is typically temperate to warm and damp,

3. Percolation to shallow ground water; and

4. Direct discharge from cattle into watersheds.
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recreational water quality in the Waiopili Stream and in the ocean downstream of the HDF.

Depending on transport factors and hydrology (Exponent 2016b), HDF is expected to degrade

the potential to significantly impact surface and groundwater in the vicinity of the HDF.

surface water and ground water from other livestock operations, dairy wastes at the HDF have

of FIB and pathogens associated with cattle manure, and the documented cases of impacts to

Given the absence of any pathogen reduction treatment on the cattle manure, the high numbers

and surface runoff from dairy and beef cattle operations (Miller et al. 2007).

Identified risk factors include the application of manure to agricultural fields (Siscko et al. 2000)

been shown to contribute significant pathogen loads to the environment (Atwill et al. 2006).

mechanism for livestock-derived pathogens to reach surface waters. Livestock operations have

of fresh or treated manure during and immediately after rainfall events is considered the primary

Impacted by Agricultural Animal Sources of Fecal Contamination (EPA 2010), runoff from land
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persistence of FIB and pathogens associated with cattle feces are indicated in Table 2 below.

appropriate conditions, and to regrow when wetted (Sinton et al. 2007). Environmental

initially grow by up to three-fold after deposition, to survive up to 60 days or longer under

and pathogens. Concentrations of Enterococcus in cattle manure have been demonstrated to

and as a result soil in the HDF pasture would be expected to favor the growth or survival of FIB

microorganisms in the environment (Sinton et al. 2007), and as a result Enterococcus and E. coli

2. Direct discharge through over-spraying, equipment failure, storage overflow;

According to the EPA Quantitative Microbial Risk Assessment to Estimate Illness in Freshwater

susceptible to environmental conditions. Warm and damp conditions promote the survival of

1. Direct runoff in storm water during rain events;

vegetative non-sporulating bacteria (e.g., E. coli and Enterococcus) that may be more

soils, humidity, solar radiation, salinity (if present in water), and the extent of grazing by other

watershed (Byappanahalli et al. 2012).When pathogens are present in fecal material at high-

and affected by a variety of environmental factors including temperature, moisture content of

Microbial survival outside of a host environment for FIB and pathogens can be highly variable

2.2.
Pathogens are able to survive days to months within cow
patties and in effluent ponds which will allow time for transport
offsite.

July 2016

Dairy farms are widely recognized as a potential source of FIB and pathogens to the local

resulting in FIB and pathogens spread widely across the HDF pasture.

concentrations of both FIB and pathogens, will be sprayed on to the pasture to act as fertilizer,

produced per day by the dairy herd. HDF indicates that untreated cattle manure, containing high

less than Enterococcus and could range from 28 million Giardia up to 17 billion Campylobacter

July 2016

47 days, > 150 days, 1–14 weeks, up to
13 months

> 150 days

up to 76 days

4 to 12 weeks and greater in saline
conditions of up to 30 ppt

> 150 days

E. coli

Salmonella

Campylobacter

Cryptosporidium

fecal streptococci

Sinton et al. 2007

Fayer et al. 1998

Sinton et al. 2007

Sinton et al. 2007

Kudav et al. 1998; Sinton
et al. 2007; Fukushima et
al. 1999; Muirhead et al.
2006

Mueller Spitz et al., 2010

Sinton et al. 2007

Source

promote the development of preferential flow paths, which will facilitate transport of surface
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transport of pathogens to groundwater. Generally, seasonal variation in wetness of soils will

within a cattle impacted waterbody to be equivalent to the risk levels specified in the

22

The DEIS did not consider the impact of preferential flow paths in soils on the potential

always be identified; however, EPA considers the risk of illness from recreational exposure

(Exponent 2016b).

result in saturated or near-saturated conditions across much of the site much of the time

proposed irrigation practices at the HDF, which will increase the moisture content of soils and

2016). The potential impact of pathogen transport to groundwater will be increased as a result of

Archaeology Inventory Survey Report describes some areas as “marshland” (Appendix G, HDF

effluent) which has come in contact with cow manure will reach the groundwater. The

1, Appendix K, HDF 2016), increasing the likelihood that water (i.e., from rain or irrigation

to their saturated conditions. The water table in this area may be as shallow as 24 inches (Table

2016). These poorly drained soils are likely to promote survival and transport of pathogens due

contains soils which are considered “poorly drained” (Table 1, Figure 5; Appendix K HDF

The majority of the area enclosed by the paddocks of the proposed HDF facility (> 70%)

2.4.
Much of the soil at the HDF is described as “anaerobic” and
poorly drained, which may affect the potential for pathogens to
survive and be transported offsite (as well as the transport of
nutrients and other chemicals).

of E. coli 0157:H7 were linked to cattle wastes contaminating spinach fields (Jay et al. 2007).

associated with agricultural runoff although the exact source was never identified; and 206 cases

400,000 individuals in Milwaukee were sickened with Cryptosporidiosis in 1993, potentially

contact with dairy farms and their environments was linked to numerous E. coli outbreaks; over

onto produce is a common cause of outbreaks. Lambertini et al. (2015) demonstrated direct

irrigation water contaminated with livestock manure or direct deposition of livestock manure

In contrast, food-borne disease outbreaks can often be readily traced back to a source, and

(EPA 2010).

exposure to bacteria originating from swine or other livestock animals is considered to be lower

recreational water quality criteria (Dufour 1986). By comparison, the risk of illness from

July 2016

strongly associated causes. As a consequence, illness caused by recreational exposure will not

specific symptoms (nausea, vomiting, stomachache, diarrhea, headache, and fever), and more

exposure, different types of recreation, time of day and other weather conditions, broad and non-

recreational waters is challenging due to a number of factors including the variable duration of

outbreaks. Establishing an epidemiological causation link with illness associated with

mechanisms: direct contact with contaminated recreational waters and food-borne disease

Disease outbreaks from pathogens present in livestock manure can occur through two main

2.3.
Pathogens related to livestock manure have been implicated in
multiple outbreaks of human illness.

events to facilitate transport off the HDF pasture in the next rainfall event.

would be expected to survive or possibly grow during the intervening periods between rainfall

in the vicinity of HDF occur frequently (Exponent 2016b), and, as such, FIB and pathogens

primary mechanism for livestock-derived pathogens to reach surface waters. Rainfall events in

As discussed in Section 2.1, runoff from land of manure after rainfall events is considered the

,

Up to years

Clostridium perfringens
,

> 56 days

Environmental persistence in soil
sediment or waters

Enterococcus

Organism

Table 2. Environmental Persistence of FIB and Pathogens in Hawaii
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in a nearly three-fold increase in manure input to the proposed HDF facility. In the discussion of
this change in herd size, the DEIS focuses on the change in nutrient balance and asserts that the
impacts from the increased herd size can be balanced by changes in fertilizer application;

the HDF site is so shallow across much of the site (Exponent 2016b), simple percolation of

water through the surface soil would also likely introduce pathogens and FIB into groundwater.

not be offset by changes in fertilizer application. As a result, the chances of impairment of
recreational waters or human health impacts are increased.

as they are not unlike the conditions found inside the digestive system of cattle and other

animals, where they originate (Bergeim 1924). The warm, wet conditions that exist in the soils

affect the risk from pathogens at the HDF. Paddocks would be more frequently grazed,

FIB in Hawaii soils (see Table 2 in Section 2.2).

would be compacted due to compression from the cattle. This can decrease infiltration and
increase runoff, which would also increase the likelihood that pathogens and FIB would enter
surface waters on or adjacent to the HDF site. Presumably, biosolids would be applied to land
more frequently with the 2,000 cow herd size, decreasing the amount of time available for die-

FIB. Pathogens present at low concentration may grow substantially in suitable conditions

and/or with the addition of nutrients (Gagliardi and Karns 2000). An increase in soil water

content correlates with a decrease in pathogen die-off rate (Pachepsky et al. 2006), further

increasing the pathogen survival risk in poorly drained soils.

from water bodies and wells. Much of the area under the gun irrigation system (Figure 2.5-4,
HDF 2016) is adjacent to the taro farm, which represents a specific risk for pathogen
contamination. These potential impacts should be explicitly considered as part of the EIS
process.

a discussion of Best Management Practices (BMPs) for dairy farms, Collins et al. (2007)

recommend against the use of poorly drained soils for grazing of dairy cows: “Poorly drained

soils with a low infiltration rate have been shown to be a relatively strong predictor of

streamwater faecal contamination.”
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A recent letter from the Hawaii Department of Health (HDOH) states that “wastewater effluent from the storage
pond should not be used to irrigate…if gun irrigation is proposed” (HDOH, 2016). It is not clear how irrigation
and slurry application processes will change in response to this letter, which was issued after the DEIS. HDF
should clarify the proposed methods for disposing of or reusing liquid and solid manure at the facility.

under the gun irrigation system.”4 The actual location is not specified, including the distance

growth of pathogens and FIB by approximating the enteric environment in which they thrive. In

4

which are outside of the liquid effluent application area from the center pivot, as well as areas

The addition of manure to poorly drained and/or saturated soils may enhance the survival and

2.5.
Unlike nutrients, which the DEIS asserts will remain constant
with the proposed change from a 699-head up to a 2,000-head
farming operation (assuming the appropriate adjustments in

3-30, the DEIS states “At 2,000 mature dairy cows, slurry can be applied to non-irrigated areas,

Pathogens and FIB from dairy operations can then pass through soils to impact groundwater.

off of pathogens prior to land application, and a larger area would receive the biosolids. On page

in times of heavy rainfall. Additional grazing on the land increases the likelihood that soils

The addition of nutrients may further increase the ability of the soil to harbor pathogens and

minimizing operational flexibility to avoid allowing cattle to graze in water-adjacent paddocks

In addition to the larger overall pathogen input, several other impacts of the larger herd size may

Karns 2000), especially when considering the long environmental persistence of pathogens and

and manure at the HDF will likely harbor and promote pathogen and FIB growth (Gagliardi and

2,000 cow herd do not have a beneficial use (will not be used by the grass at the site) and will

Warm, anaerobic soil conditions are conducive to the growth and survival of pathogens and FIB

however, unlike nitrogen and phosphorus, the pathogens deposited with the manure from a

The DEIS discusses the potential for a 2,000-cow “contemplated herd size” which would result

may be transported via preferential flow paths into groundwater. Because the ground water at

fertilizer applications), pathogens would be expected to scale
proportionally with the change in manure input. This is not
addressed in the DEIS.

July 2016

on the conditions of the soils and season, pathogens and FIB from cattle manure on the HDF

surface soils into deep subsurface soils and groundwater (Marin-Spiotta et al. 2011). Depending

soils have been documented to be important in moving dissolved and particulate nutrients from

material to deep soils and groundwater. The development of preferential flow paths in Hawaii

July 2016

Management Plan provided, these pits would only be lined if the soil had a permeability of more
than 2 inches/hr. As there are no soils on the HDF site with a permeability within this range
(Table 1, Appendix K, HDF 2016), it is assumed that the HDF plans for these pits to be unlined
(HDF 2014). Without a liner, any water from precipitation flowing through the preferential

approximately 30% for every 100 foot distance downwind. Microbes were measured up to 700

feet downwind of application. Thus, the airborne transit of pathogens to the crops, standing

water, and workers of the taro farm should be considered. Several management practices are

suggested to decrease the risk, including but not limited to only irrigating under low wind speed
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http://thegardenisland.com/news/w-t-haraguchi-farm-gets-federal-grant/article_3cbc5a05-b782-57cf-8bf742f63a3a9406.html

shown located within paddock 159 (Figure 8, HDF 2014). According to the Animal Mortality

gun and center pivot irrigation in Wisconsin and found that concentrations decreased

5

states that deceased cattle will be disposed of in burial pits dug in an Animal Cemetery, which is
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including the European Union (Gwyther et al. 2011). In the Risk Assessment Table for

transport them to downstream receptors. This practice has been banned in many places,

flowpaths created by the digging of pits can leach pathogens from the decaying cow carcass and

groundwater from pathogens and other contaminants. In the Waste Management plan, the HDF

fecal bacteria (both FIB and pathogens) downwind of application of dairy manure with a spray

The HDF’s plan to dispose of cattle in unlined burial pits (HDF 2014) is inadequate to protect

2.7.
The use of burial pits for deceased cattle described in the
Animal Mortality Management Plan included in the HDF Waste
Management Plan and referenced in the DEIS presents an additional
risk for pathogen transport to ground or surface waters.

These potential impacts should be considered as part of the EIS process.

source of Leptospira to local small animal vectors and the farm.

Leptospira are present in cattle urine, and the presence of the cattle could represent another

these documented outbreaks at taro farms have not been associated with adjacent dairy farming,

leptospirosis, which is caused by bacteria of the genus Leptospira (Katz et al. 2011). Although

exposure to workers on the taro farm. Taro farming has been associated with outbreaks of

growing crops, can act as a reservoir for both FIB and pathogens, in addition to being a route of

standing water of the taro farm. These shallow, warm waters which may be shaded by the

taro farm. Any runoff from over-irrigation or rainfall could result in direct contamination of the

area, presenting a second possible mechanism of transport of pathogens from the HDF to the

Wetland taro in this location is grown in standing water, which results in saturated soils in this

application. The HDF waste management plan does not incorporate either of these practices.

conditions and storing manure for at least three months to deactivate pathogens prior to
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The US Department of Agriculture (USDA) (Borchardt and Burch 2016) studied the presence of

water features (50 feet).

according to the DEIS (HDF 2016), which is less than the protective zones for other surface

2016c). The distance between the proposed irrigated area and the taro farm is only 20 feet,

the HDF, bio-aerosol could reach the taro farm under nearly all wind directions (Exponent

transported via aerosols to the adjacent taro farm. Because the taro farm is nearly enclosed by

The use of overhead pivots and gun irrigators present a mechanism by which pathogens may be

being grown for human consumption and presents a risk of food-borne disease outbreaks.

2016). The use of animal waste products in the vicinity of this farm is of concern, as taro is

used to spray both effluent and biosolids on the fields in these locations (Figure 3.5-4; HDF

growing of taro in flooded fields, similar to rice paddies. The DEIS shows gun irrigation being

as a “leader in the production of wetland taro on Kaua‘i for generations,”5 referring to the

a news article describing funding for the company’s operations, W.T. Haraguchi was described

(Grove Farm 2011), this land is part of a 20-year lease to W.T. Haraguchi that began in 2007. In

enclosed by the proposed dairy farm location. According to the Grove Farm IAL Petition

On the south end of the proposed HDF facility, there is a working taro farm which is nearly

2.6.
The taro farm which is nearly enclosed by the HDF property
has fields with standing water and represents another potential
source and/or receptor for pathogens which was not considered by
the HDF in the EIS.

July 2016

cattle from waterways and the use of vegetative buffer strips, the HDF proposes such measures
for nutrient management as part of the DEIS; however, the design of these BMPs is not
described, and no modeling or analysis is conducted to evaluate the residence time of water in

Service, dead animals disposed of on property without composting is considered a “high risk”

operation, due to the fact that “decomposing animals can be a concentrated source of pollutants

including nutrients and microorganisms.”

risk to surface waters, as cattle have been found to preferentially defecate directly into water
sources (Collins et al. 2007). The HDF plans to use computerized controls on the center pivot
irrigation to enforce the 50 foot buffer along surface water on the site (HDF 2014), but does not
describe the anticipated failure rate or performance monitoring of this system. The deposition of
effluent directly into the Waiopili Stream would represent a high pathogen risk, and specific

surface. Given that each carcass will be covered with a minimum of 24” of soil and pits may be

up to 8 feet deep (HDF 2014), all buried cows will likely come in direct contact with the

groundwater, which is known to discharge into surface water downstream of this location. The

practice of burying cows where the water table is elevated above the depth of the hole (“water in

hole”) is not recommended due to the risk to groundwater (Stanford and Sexton 2006).
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draft monitoring program that may be revised in their Voluntary EIS” (p. 84); however, no

28

In their study of pathogens in the Waiopili Stream, HDOH notes that “The proposed dairy has a

the impacts of pathogens from dairy farms are similar to those which are used to limit the

be in practice at the HDF, increasing the risk of pathogen input to streams.

2004). Additionally, other BMPs, such as avoidance of grazing on poorly drained soils will not

buffers and other mitigation measures are not 100% effective for this purpose (Collins et al.

measures are adequate for protection of waters from pathogens. Literature shows that riparian

from surface waters, riparian buffers, etc.), there is currently no way to determine whether such

to be implemented as part of the plan to limit runoff of nutrients (fencing of paddocks away

mitigation measures were proposed to address any impacts. Many of the BMPs which mitigate

As the potential impacts of pathogens and FIB were not specifically assessed in the DEIS, no

3. Mitigation Measures to control the risks of pathogen transport
to surface and ground waters were not included in the DEIS,
as no impact of the dairy farm was considered.

disposal of deceased cattle, the plan is not adequately protective of ground or surface waters.

determine whether impacts are occurring. While some BMPs for pathogen control are proposed

proposed HDF site, but it does not propose any method for the HDF operators or others to

Because the EIS did not account for the high water table when developing the plans for onsite

Not only does the DEIS fail to present any consideration of impacts from pathogens on the

would need to be altered.

4. Given that there is the potential for pathogen transport to
surface and ground water as well as taro farm crops, the HDF
should have a monitoring program to determine the extent of
any impact from the HDF, and response measures should be
described if an impact is observed.

grazing would be decreased and estimates of nutrient loading, etc., for the remainder of the land

from that paddock once deceased cattle are buried there, the overall area available for cattle

increase the overall levels of pathogens within the dairy property. If live cattle are excluded

burial of cattle in this area would increase the risk of pathogen transfer to living cattle and

pathogenic microorganisms would be higher. The use of paddock 159 by grazing cattle after

mortality was a microorganism which is also pathogenic to humans, as the initial loading of

measures to prevent this occurrence should be discussed.

through the middle of the paddocks (Figure 3.5-3; HDF 2016). This represents a high pathogen

Figure 6, HDF 2014) in which the depth to the water table is only 24 to 60” below the ground

The human health risks associated with onsite burial are increased if the cause of animal

from waterways via fencing of paddocks, paddocks 105–111 show a surface water ditch running

The location of the cemetery is in an area of Ka‘ena Clay, Brown Variant soil (Table 5 and

these BMPs or their effectiveness (Exponent 2016b). Despite a claim that cattle will be excluded

transport of nutrients to groundwater and surface waters. In some cases, such as the exclusion of
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Livestock Operations (Robotham et al. 2000) published by the Hawaii Cooperative Extension

July 2016
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needs to specify in detail the actions that will be taken, up to and including the removal of dairy

significant, and the relevant thresholds to be used for determining significance. Finally, HDF

available to regulatory agencies and the public, the process for determining if impacts are

of custody protocols. HDF should also indicate how and when sample results will be made

sampling design, including sample locations, sample handling and analysis methods, and chain

existing conditions (e.g., during wet weather). HDF should also specify the details of their

In addition, HDF should conduct additional baseline sampling to characterize the full range of

government to properly consider the impacts in the DEIS.

4.16-1, pp. 4–55, HDF 2016). Details of the monitoring plan are necessary for the public and the

water transport of pathogens and/or other contaminants even if FIB were measured (Figure

transport to groundwater, and it may be inadequate to characterize the offsite shallow ground

is downgradient of the poorly drained soils which represent the largest area of risk of pathogen

format would be unacceptable. Only one apparent proposed monitoring well (monitoring well 3)

and did not sample during times of heavy rainfall, so a monitoring plan based on this study

DEIS (HDF 2016) did not provide adequate sampling details, did not include any replication,

acceptability of this plan. The baseline stream and marine water studies done by MRC for the

presented in the DEIS, which means that the public is unable to properly evaluate the

No details of the nutrient and chemical monitoring program for the committed herd size are

concentrated animal feeding operation (CAFO), but details are not given.

as part of the National Pollutant Discharge Elimination System (NPDES) permit required for a

section for the contemplated herd size, it is noted that pathogens will be measured, presumably

monitoring of FIB or pathogens in any of these media for a herd of 699 dairy cows. In the

2016, pp. 4–60), surface water, and marine water (HDF 2016, pp. 4–68). There is no mention of

“monitoring and analysis of nutrient and chemical constituent levels” in groundwater (HDF

around the HDF property for application to fields. The only references to monitoring describe

monitor for leaks from underground pipes which transport manure effluent and manure slurry
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monitoring determines that impacts are occurring.

there is currently no mechanism for the HDF, the public, or the government to know if surface

water or groundwater is being impacted. Additionally, there is currently no mechanism to

cows or cessation of the land application of liquid and/or solid manure at the site, if subsequent

July 2016

monitoring program for pathogens was proposed in the DEIS for the committed herd size, so

July 2016

publicly available information. We have generally not verified these data independently and,

or ecological impacts of microbial pathogens discharged from the HDF.

occurring.

32

manure at the site, if subsequent monitoring determines that pathogen impacts are

the removal of dairy cows or cessation of the land application of liquid and/or solid

Finally, HDF needs to specify in detail the actions that will be taken, up to and including

and comment.

the 699-cow and 2,000-cow scenarios. This plan should be available for public review

size. Given the potential risk factors, pathogen monitoring should be required for both

No monitoring for pathogens is proposed during dairy operations at the committed herd

needs to be corrected.

to surface water is one of the greatest risks for pathogen contamination by cattle, this

figures show streams crossing through the middle of several paddocks. As direct access

DEIS stated that waterways would be fenced to exclude access by grazing cattle, but

Information on management practices was unclear and contradictory. For example, the

As no impact from pathogens was considered, no mitigation measures were proposed.

impacts to human and ecological health.

by HDF. Without these details, it is impossible for the DEIS to evaluate potential

and FIB produced by the proposed HDF facility was not included in the DEIS submitted

specifically suited to pathogen survival and transport, the potential impact of pathogens

waters, and despite the fact that the environment of the proposed HDF location is
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and to expand or modify opinions based on review of additional material as it becomes

government to properly review the implications of the work.
available.

presents the findings resulting from that work. We reserve the right to supplement this report

study parameters should have been provided in enough detail for the public and the

Despite dairy cows being a known source of fecal pathogens to streams and ground

information to the best of our ability. This report summarizes work performed to-date and

Samples should be collected over a variety of seasonal (flow) conditions, and results and

1501952.000 - 0526

x

x

x

x

information generated or reported by the HDF is unclear, and we have interpreted that

Baseline sampling was inadequate to characterize the current pathogen conditions.

unless otherwise stated, assume that they are accurate. In addition, some of the data and

The information upon which we rely in preparing this report is from the HDF DEIS and from

The DEIS as written has failed to adequately characterize the potential human health, economic,

x

Limitations
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Summary
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Figure 1. Foraging path of one male monk seal on Kauai’s east coast.
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information to the best of our ability.

v

data and information generated or reported by the HDF is unclear, and we have interpreted that

and analysis of the HDF DEIS and from publicly available information. In addition, some of

The comments that were developed in preparing this report were generated following review

shed.

the western boundary of the site, including a milking parlor, a calving shed, and an implement

grazing. The farm would include several new structures on a 9.7-acre “headquarters” parcel near

open paddock areas (469.9 acres). Kikuyu grass would be grown in the paddocks for cattle

“contemplated” project). The overall project area is 557 acres. The farm would mostly consist of

proposed project), with the possibility of expanding to support 2,000 cows in the future (the

island of Kaua‘i, near Po‘ipǌ. The dairy farm would support 699 mature dairy cows at first (the

HDF proposes a 557-acre dairy farm in the 0ƗKƗµXOHSǌ Valley on the southeast portion of the

of the evaluations presented in this report.

together with documents provided by Kawailoa or obtained from public sources, form the basis

Appendices presenting supporting information and impacts of the project. These documents,

farm project at 0ƗKƗµXOHSǌ. The DEIS included a main body as Volume 1 and a series of

In May 2016, HDF submitted a Draft Environmental Impact Statement (DEIS) for the dairy

water and water quality impacts, and pathogens.

also retained to prepare separate reports to evaluate impacts related to odor and air quality,

the Draft Environmental Impact Statement, which is the subject of this report. Exponent was

and fauna in the area and evaluate the adequacy of the ecological analysis performed as part of

Specifically, Exponent was asked to evaluate impacts of the proposed dairy farm on the flora

Farms (HDF) to construct and operate a dairy farm on the island of Kaua‘i, Hawaii.

Development LLP (Kawailoa) to review information related to a proposal by Hawai‘i Dairy
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Service (USFW).

vi

management plans for addressing many of the concerns expressed by the US Fish and Wildlife

proposed HDF to important ecological resources. In addition the DEIS does not propose

presented methodology and other information is often lacking to determine the impacts from the

In summary, many of the analyses performed and presented in the DEIS are insufficient and the

our analysis as to the suitability of the assessment or other concerns regarding potential impacts.

other information relevant to the ecological assessment of the proposed HDF project as well as

The comments in each subsection address specific questions on the reporting of the surveys and

x
x
x
x
x
x
x
x

The comments on the DEIS are organized in the following subsections including:

July 21, 2016

1.1

Proposed Project

Introduction

1

Group 70 International, 2016. Hawai‘i Dairy Farms, Volume 1 Draft Environmental Impact Statement. Submitted
by Hawai‘i Dairy Farms, MƗhƗµulepǌ Kaua‘i. May.

Exponent 2016c. Expert Report on Pathogens Hawai‘i Dairy Farms Draft Environmental Impact Statement, May
2016. July

Exponent 2016b. Water and Water Quality Impacts, Hawai‘i Dairy Farms DEIS, Mahaulepu, Kaua‘i. July

Exponent 2016a. Hawai‘i Dairy Farms Odor Impact Assessment. July
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4

3

2

1

proposed project), with the possibility of expanding to support 2,000 cows in the future (the

island of Kaua‘i, near Po‘ipǌ.4 The dairy farm would support 699 mature dairy cows at first (the

HDF proposes a 557-acre dairy farm in the 0ƗKƗµXOHSǌ Valley on the southeast portion of the

of the evaluations presented in this report.

together with documents provided by Kawailoa or obtained from public sources, form the basis

Appendices presenting supporting information and impacts of the project. These documents,

farm project at 0ƗKƗµXOHSǌ. 4 The DEIS included a main body as Volume 1 and a series of

In May 2016, HDF submitted a Draft Environmental Impact Statement (DEIS) for the dairy

water and water quality impacts; 2 and pathogens. 3

also retained to prepare separate reports to evaluate impacts related to odor and air quality: 1

the Draft Environmental Impact Statement, which is the subject of this report. Exponent was

and fauna in the area and evaluate the adequacy of the ecological analysis performed as part of

Specifically, Exponent was asked to evaluate impacts of the proposed dairy farm on the flora

Farms (HDF) to construct and operate a dairy farm on the island of Kaua‘i, Hawaii.

Development LLP (Kawailoa) to review information related to a proposal by Hawai‘i Dairy

Exponent was retained by Goodsill Anderson Quinn & Stifel LLP on behalf of Kawailoa

1.0

Comments on Ecological Assessment in Hawai‘i Dairy
Farms Draft Environmental Impact Statement, May 2016

July 21, 2016

1.2

Purpose and Overview of Report

The Draft Environmental Impact Statement, May 2016

2

Group 70 International, 2016. Hawai‘i Dairy Farms, Volume 1 Draft Environmental Impact Statement. Submitted
by Hawai‘i Dairy Farms, MƗhƗµulepǌKaua‘i. May.
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5

(Invertebrate Species and Pest Impacts) and Appendix A (Flora and Fauna Surveys) of the DEIS

Mitigation Measures), specifically Section 4.9 (Flora), Section 4.10 (Fauna), Section 4.11

Assessment in Hawai‘i Dairy Farms, Section 4.0 (Environmental Setting, Potential Impacts, and

ecological assessment as part of the DEIS and developing the comments on the Ecological

(Volume 1) and a series of Appendices5. For evaluating and assessing the completeness of the

The Draft Environmental Impact Statement (DEIS) is presented in a main body of the document

2.0

(USFW) recommendations and HDF’s response to the proposed recommendations.

of the proposed project. Section 3 of this report summarizes the US Fish and Wildlife Service

additional concerns such as harmful algae blooms and introduction of exotic species as a result

mammalian survey, other terrestrial fauna and aquatic resource surveys in the DEIS, including

Exponent’s evaluation of the specific surveys including the botanical survey, avian survey,

1. To summarize key aspects of the ecological surveys and subsequent analysis in the
DEIS, and to identify deficiencies in HDF’s analysis of ecological impacts.
2. To summarize Exponent’s analysis of the anticipated impacts of the project on flora and
fauna.
This report contains two main sections following the Introduction. Section 2 presents

The purpose of this report is twofold:

shed. 5

3

US Fish and Wildlife (USFW). 2015. Comment letter from Aaron Nadig, Island Team Manager to Jeffrey
Overton concerning USFW concerns of the Proposed Hawai‘i Dairy Farm project, dated 23 February 2015.

H. D. Harrington. 1957. How to Identify Plants. Swallow Press Books. Athens, Ohio

This was one of the points made by USFW in their letter to Jeffrey Overton. 7

proposed project does not increase the introductions or populations of invasive species.

invaded. It is critical to develop sound management strategies to ensure that the

species. The high number of invasive species highlights that Hawaii is already highly

Five of 115 species were native but not endemic; the rest were exotic naturalized

sufficient sampling coverage.

showing the recorded transects would be necessary and should be provided to verify

survey was recorded, according to the DEIS, but is not included in the DEIS. A map

It is unclear how much of the area was sampled. The GPS trajectory of the botanical

part of the survey during important seasons to fully assess the flora.

would using a quadrat method. Adequate assessment would be to use both methods as

assessor is walking around instead of kneeling and looking under other plants as they

The “wandering pedestrian transect method” is likely to miss very small plants as the

This method produces a qualitative plant list, not quantitative population measures.

The methodology presented in the DEIS used a “wandering pedestrian transect method.”

represented. Plants can be difficult or impossible to identify without flowers or seeds. 6

Plants flowering or seeding in the wet season were also likely missed or under-

missed or under-represented.

Sampling was only conducted in the dry season, so wet season annual plants were likely

1501952.000-9956

7

6

x

x

x

x

x

x

impacts to both exotic plants and threatened native plants.

The botanical survey assessing the proposed project area is insufficient to predict the potential

Botanical Survey

proposed project.

2.1

including but not limited to missing and/or inadequate evaluations of the impacts from the

grazing. The farm would include several new structures on a 9.7-acre “headquarters” parcel near

the western boundary of the site, including a milking parlor, a calving shed, and an implement

were reviewed. These comments include questions with regards to the DEIS assessment

open paddock areas (469.9 acres). Kikuyu grass would be grown in the paddocks for cattle

July 21, 2016

“contemplated” project). The overall project area is 557 acres. The farm would mostly consist of

July 21, 2016

Avian Survey

4

adequate coverage based on regulatory guidance.

These stations described in the DEIS are 300 meters apart, which may not provide

Agriculture (USDA) suggests that point count stations be at least 150 meters apart.

The DEIS should have included a map of point count stations. The U.S. Department of

is relatively high for a lowland site on Kaua‘i.”)

(e.g., “An average of 38 individuals birds was recorded per station count; a number that

The DEIS fails to provide references for statements regarding comparison of survey data

survey occurred on one day.

based on the arrangement of the information provided in the DEIS, it appears that the

one day or over many days, and the date(s) of the survey is/are not recorded; however,

More clarity is necessary in the methods. It is unclear if the avian survey took place on

avian species in the proposed area.

potential impacts from the proposed project on important, threatened or endangered

temorospatial variation does not support the statements made in the DEIS regarding the

proposed project being implemented. The lack of consideration of temporal and

this limited census would be insufficient in assessing the baseline of the area prior to

avian community due to the breeding season, migration patterns, or foraging behavior,

temporospatial variation in bird presence and distribution. If there were a change in the

An avian census that only takes samples once fails to address temporal and

(2.8 hours) of census time to support the DEIS.

stations distributed throughout the study area. This resulted in a total of only 168 minutes

Only one (1) six-minute point count observation was made at each of the 28 census

1501952.000-9956

x

x

x

x

x

2.2.1 Survey methods and sampling effort

predict whether exotic bird populations would increase.

insufficient to predict the potential impacts to threatened and endangered endemic birds and to

The avian surveys assessing the bird populations and long-term planned habitat changes were

2.2

July 21, 2016

what the projected health effects of such an exposure may be.

operations or from the use of the effluent settling or storage ponds. It is similarly unclear

endemic waterbirds will be exposed to them through the direct use as part of the dairy

It is not clear what cleaning products and medicines will be used at the dairy, and if

mitigation actions.

creating some confusion over what birds are actually being affected by their proposed

The reports seems to use “waterbirds” and “shorebirds” interchangeably at times, thus

fresh water, such as ducks.

on this issue. When speaking about “waterbirds,” scientists usually refer to birds that use

Seabirds are not waterbirds in most scientific uses of the word, so the DEIS is not clear

the next sentence that lights will be shielded to prevent attraction to overflying seabirds.

area. The table does not address this use by seabirds or shorebirds, however. It states in

Page 6-20 of the DEIS states that native endangered waterbirds may use the paddock

fledging.

water features on the property and may cause failed nests or mortality of young prior to

disturbance will likely reduce nesting habitat for endemic birds that nest or feed near the

Even with the proposed buffer areas between water features and grazing areas, cattle

water feature or ditch may pass through several of the paddocks (paddocks 105–111).

and enter streams and subsequently destroy streambanks. In addition, it appears that a

While the paddocks are proposed to be fenced, cattle can often breach fencing barriers

Coot (Fulica alai).

sandvicensis), Black-necked Stilt (Himantopus mexicanus knudseni), and the Hawaiian

wyvilliana), the Hawaiian sub-species of the Common Gallinule (Gallinula galeata

Four endemic waterbirds were found on the property: the Hawaiian Duck (Anas

5

7KH'(,6VWDWHVWKDWWKHHQGDQJHUHG1ƝQƝ³SUREDEO\´QHVWVRQWKHSURMHFWVLWH
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x

2.2.3 1ƝQƝ– Endemic and endangered

x

x

x

x

x

2.2.2 Endemic endangered waterbirds

July 21, 2016

those on Mau‘i or Molokai.11 The DEIS does not evaluate this potential impact or
concern.

season. This was also highly recommended by the USFW. 9 Pastures identified as hosting

nests should not be used by cattle, or a 10 x 10 m fence should be erected around

gondii is transmitted by domestic cats and has historically caused mortality in native

Infection of 1ƝQƝ by the protozoan parasite Toxoplasma gondii has been documented. T.

land use activities of the dairy operations.

than trapping. Cattle Egrets, as well as feral cats and rats will be highly attracted to the

documentation as to the management plan for controlling the potential predation other

even though the DEIS recommends trapping of cats and rats. The DEIS provides no

OLNHO\WKDWLQFUHDVHGSUHGDWLRQRQ1ƝQƝDGXOWVMXYHQLOHVFKLFNVDQGRUHJJs will result,

Since the dairy operations will likely lead to an increase in rats and feral cats, it is very

dung beetle).

livestock (including threatened and endangered arthropods and the proposed introduced

following animals such as cattle, eating arthropods that are disturbed by or attracted by

Cattle Egret is well known for associating with grazing animals and they had adapted to

eggs and chicks. Predation on birds by cattle egrets has been well-documented.10 The

Egrets (Bubulcus ibis), which have WKHSRWHQWLDOWRUHVXOWLQLQFUHDVHGSUHGDWLRQRQ1ƝQƝ

The dairy will provide ideal conditions for supporting additional numbers of Cattle

provide justification for disregarding a federal agency’s recommendation.

1ƝQƝ in particular. The DEIS has failed to consider this recommendation and does not

the proposed project due to concerns that it might impact native avian populations, the

Additionally the USFW highly recommended that electric fencing not be used as part of

within 48 h of nest identification to the USFW.

recommended a 100-ft. exclusion zone for identified nests and the required reporting

1501952.000-9956

6

https://www.fws.gov/policy/library/2013/2013-26071.html

US Fish and Wildlife (USFW). 2015. Comment letter from Aaron Nadig, Island Team Manager to Jeffrey
Overton concerning USFW concerns of the Proposed Hawai’i Dairy Farm project, dated 23 February 2015.

7

Pell and Tidemann. 1997. Biological Conservation 79:145–153

http://usfwspacific.tumblr.com/post/70400439380/under-attack-protecting-hawaiis-birds-from-an

Work TM, Verma SK, Su C, Medeiros J, Kaiakapu T, Kwok OC, Dubey JP. 2016. Toxoplasma gondii antibody
prevalence and two new genotypes of the parasite in endangered Hawaiian Geese (Nene: Branta sandvicensis).
Journal of Wildlife Diseases 52:253–257.

in the DEIS.

which are proposed to be introduced as part of HDF. This issue has not been addressed

may impact the threatened and endangered species in the area as well as the dung beetles

forage on the arthropods that are attracted to large concentrations of these livestock and

species for food and nesting areas. 13 They are known to be associated with cattle and

previously. The Common Myna is an invasive species, and they out-compete native

Myna on the island by providing ideal foraging conditions where they did not exist

It is also possible that the dairy operations could lead to an increase in the Common

seabirds by Barn Owls has also been well-documented. 12

increased predation on seabirds nesting in the nearby highlands. Predation on Hawaiian

The potential increase in Barn Owls as a result of the dairy operations could lead to

efforts by the USFW.

Owls (Tyto alba) on the island. This invasive species has been the target of eradication

Operations will likely provide conditions for supporting additional numbers of Barn

HUDGLFDWLRQHIIRUWVE\WKH86):DQGWKLVVSHFLHVSUH\VRQ1ƝQƝHJJVDQGQHVWOLQJV

Egrets (Bubulcus ibis) on the island. This invasive species has been the target of

The dairy will provide ideal conditions for supporting additional numbers of Cattle

for the cattle and new structures within the dairy operations.

due to habitat alterations that will favor invasive species, such as changes to pasture land

The percent of birds that are exotic will likely increase after the dairy is implemented

The DEIS survey found that exotic species comprised 52% of individual birds noted.

1501952.000-9956
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12

11

x

x

x

x
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2.2.4 Effect of increasing populations of invasive species

currently the infection rate appears to be lower on Kaui‘i than other populations such as

+')ZLOOQHHGWRLPSOHPHQWZHHNO\VXUYH\VE\FHUWLILHGELRORJLVWVGXULQJ1ƝQƝQHVWLQJ

individual nests to protect them from trampling. Actually, the USFW highly

Hawaiian birds. 11 T. gondii has been identified as a potential concern in Kaui‘i; however,

July 21, 2016

Cattle are known to lower nesting success of ground nesting birds 8 VXFKDVWKH1ƝQƝ.

Moore, P. 2005. Stock fencing and electric fence enclosures to prevent trampling of Chatham Island oystercatcher
Haematopus chathamensis eggs, Chatham Island, New Zealand. Conservation Evidence 2:76–77.

10

9

8

x

x

x

x

x
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Mammalian Survey

1ƝQƝDQGVHDELUGVQHVWLQJLQWKHQearby highlands.

Any increase in rats or cats population has the potential to lead to increased predation on

of the proposed project, but no survey information or document was presented.

The DEIS did report the presence of domesticated animals and mice within the footprint

area was provided in the DEIS.

No formal survey or assessment of impacts to or from mammals in the proposed project

Other Terrestrial Fauna

8

US Fish and Wildlife (USFW). 2015. Comment letter from Aaron Nadig, Island Team Manager to Jeffrey
Overton concerning USFW concerns of the Proposed Hawai‘i Dairy Farm project, dated 23 February 2015.

https://hawaii.conferencesservices.net/reports/template/onetextabstract.xml?xsl=template/onetextabstract.xsl&conferenceID=2069&abstra
ctID=410279
16

unwanted species.

plan for public review and comment should have been part of the DEIS.

1501952.000-9956

9

US Fish and Wildlife (USFW). 2015. Comment letter from Aaron Nadig, Island Team Manager to Jeffrey
Overton concerning USFW concerns of the Proposed Hawai‘i Dairy Farm project, dated 23 February 2015.

mitigation measures for impacts to these species was presented in the DEIS. The

recommendation letter for the proposed project; 16 however, no assessment of potential

(Spelaeorchestia koloana) were listed as concerns by the USFW in their

The Kaua‘i cave wolf spider (Adelocosa anops) and the Kaua‘i cave amphipod

without constant re-introductions and the corresponding risk of introducing new

reduce exterior lighting at night to reduce collision risk with structures. A mitigation
x

that it intends to bring to the site to ensure that they will be able to maintain populations

The DEIS does not include a mitigation plan to put warning devices on fences and to

The DEIS does not explore or assess the suitability of the habitat for the invertebrates

trapped species which could subsequently spread.
x

be impacted by the use of barbed wire fencing and specifically requested that it not be

used in proposed project. 15

This is a concern for bringing in other unwanted species, such as mites or accidentally

USFW recommendation letter. USFW were quite concerned that the Hoary bats would

The DEIS does not detail the means of collecting the invertebrate species that would be

which would have to be introduced, because no survey was conducted.

islands but does not explore which species are already present in the proposed area and

beetles and predatory wasps. It also discusses their presence on Kaua‘i and on other

The DEIS discusses many invertebrates that would control pest flies, such as dung

exotic species using integrated pest management (IPM).

implementing the “inter-dependent web in nature” as a means to “naturally control”

An invertebrate survey should have been conducted to explore the feasibility of

There was no survey of invertebrates.

needed for introduction or the source area where invertebrate species would be collected.

x

x

x

x

2.4.1 Invertebrates

predict the potential impacts to the fauna community from HDF activities.

assessed as part of the DEIS for the proposed project area, and thus the DEIS is insufficient to

Other important terrestrial fauna, such as invertebrate, amphibian, and reptiles were not

2.4
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fences14 as a risk for long-term losses. This was a great concern as presented in the

HDF does not include collision risk from structures, electric fences, or barbed wire

1501952.000-9956

15

14

x

x

2.3.2 Hawaiian Hoary bats – Endemic and endangered

x

x

2.3.1 Survey methods and sampling effort

predict the effects of increased pest mammal species.

changes was insufficient to predict the potential impacts to the endangered Hoary bat and to

The mammalian survey assessing the mammal populations and long-term planned habitat

2.3

x

July 21, 2016

Exotic populations of amphibians have the potential to increase with the addition and

x

predicted.

species of Hawaii is unknown, 18and thus the effect of an increased population cannot be

mouthing the toads accidentally. Additionally, the effect of the toads on the native

are poisonous and may affect cattle through the consumption of poisonous eggs or by

habitat and potentially increase the population size of these invasive species. The toads

There are no native terrestrial reptiles in Hawaii.

There are two invasive chameleon species that are not known to Kaua‘i that should be

x

x

10

U.S. Geological Survey. [2016]. Nonindigenous Aquatic Species Database. Gainesville, Florida. Accessed
[6/23/2016].

Group 70 International. 2016. Response letter from Jeffrey Overton to Aaron Nadig, USFW Island Team
Manager on USFW recommendations for the proposed Hawai‘i Dairy Farm Project.

checked for when equipment and feed is moved between islands.

There was no survey of reptiles.

x

No assessment of the marine system was performed in the DEIS.

https://www.fws.gov/wetlands/data/mapper.html

Haw Admin. R. § 11-54-3

11

connection of the proposed project to the marine system.

No evaluation was performed as to the potential impacts to corals from the direct

1501952.000-9956

20

19

x

2.5.2.1 Corals

x

2.5.2 Marine Organisms

during the wet season when filled with water.

the proposed HDF property. The water features should be surveyed for native organisms

at Gillins Beach. This connection may allow native aquatic organisms seasonal access to

“Riverine” Class R4SBCx, which means that it is intermittent20) which runs to the ocean

features listed on in HDF’s report connect to the Waiopili Stream (USFW lists it as

diadromous life cycles (they move between saltwater and freshwater). The aquatic

There are native and endemic species of fish and mollusks on Kaua‘i, most with

purposes. 19

from the proposed HDF activities should have been assessed to ensure protection for

link to the ocean. Thus, this water feature should have been surveyed, and the impacts

alignment of the native stream, it is defined as a Class 2 waterway and does have a direct

Stream. While this stream was highly managed by straightening of the original

made because it was the dry season. Water flows through the property in the Waiopili

No survey of the aquatic plants or biota in the freshwater features of the property was

recreational use and for the support and propagation of aquatic life, as well as other
x

x

2.5.1 Freshwater Organisms

HDF activities.

was insufficient to predict the potential impacts to the freshwater and marine communities from

storage ponds that will be maintained on the proposed property will increase available

1501952.000-9956

18

17

Aquatic Resource Surveys

The aquatic resources were not surveyed, and thus the assessment of the proposed project area

2.5
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The cane toad (Rhinella marina) is already established on Kaua‘i. The settling and

2.4.3 Reptiles

x

There are no native terrestrial amphibians in Hawaii.

x

maintenance of treatment ponds and in water features.

There was no survey of amphibians.

x

2.4.2 Amphibians

important species were not assessed.

pesticide use, were not evaluated as part of the DEIS and the overall impacts to these

the impacts of operations such as transportation, nutrient run-off, chemical releases, and

impacts from the HDF proposed project to habitat adjacent to the project area, including

documentation was provided in the DEIS to allow an independent evaluation. The

was assessed within the proposed project area for these species, but insufficient

response letter from Jeffrey Overton to USFW 17 did discuss that the potential habitat

July 21, 2016

23

x

x

baseline assessment of the fringing reefs should be conducted, and monitoring should be

from the Waiopili Stream.

environment as a result of HDF operations to production and disposal of domestic
wastewater and landscape fertilizer in the Kǀloa-Po‘ipǌ area. MRCI estimate that 15%
of nitrogen and 2% of phosphorus from wastewater enter the marine environment from
the Kǀloa-Po‘ipǌ area, and they estimate that 8% of nitrogen and 2% of phosphorus
applied as fertilizer in this area reach the marine environment. The percent of nutrients,
particularly nitrogen, that reach the marine environment as a result of these operations in
the Kǀloa-Po‘ipǌ area is substantially higher than the “first-order approximation” of 2%
of nitrogen and 1% of phosphorus used to simulate potential nutrient additions from the
HDF. If 8% of nitrogen from the HDF is assumed to reach the marine environment
instead of 2%, the total load of nitrogen to the receiving marine waters below the HDF is

(DOH) revealed high concentrations of Enterococcus and Clostridium perfringens in the

sediment of the Stream (referred to ditch in the survey), as well as degraded water

quality parameters for nutrients (see the water21 and pathogen 22 reports). The DEIS

states that the “Sanitary Survey found no significant impact to the Waiopili [Stream]

Ditch from any activity that can be attributed to the dairy”; however, since the dairy is

not currently in operation, this assessment has no bearing on whether the dairy will

impact the water quality of the Waiopili Stream and the receiving nearshore marine

waters when the dairy is operational. The DEIS did not assess this issue, and thus is

insufficient in determining the impacts from the HDF proposed project.

12

Exponent 2016c. Expert Report on Pathogens Hawai‘i Dairy Farms Draft Environmental Impact Statement, May
2016. July

Exponent 2016b. Water and Water Quality Impacts, Hawai‘i Dairy Farms DEIS, Mahaulepu, Kaua‘i. July

contrasts the hypothetical nitrogen and phosphorus load added to the nearshore marine

operations, a Sanitary Survey conducted by the Hawaii State Department of Health

1501952.000-9956

13

Group 70 International, 2016. Hawai‘i Dairy Farms, Volume 1 Draft Environmental Impact Statement.
Submitted by Hawai‘i Dairy Farms, MƗhƗµulepǌ Kaua‘i. May.

comparable to that in the Kǀloa-Po‘ipǌ area, based on combined input from municipal

facility. No explanation or scientific justification for these percentages is given. MRCI

environment from all operations impacting the Waiopili Stream. Prior to dairy

release of 2% and 1% of the nitrogen and phosphorus, respectively, from the HDF

The MRCI (2016) report provided in the DEIS 23 Appendices examines a hypothetical

The DEIS fails to consider the cumulative impact to surface waters and the nearshore

o Fecal bacteria can infect coral colonies and lead to disease and coral death.

calcification of coral skeletons.

contribute to acidification of the aquatic environment. Acidification decreases

undertaken to identify any changes in reef community structure over time and distance

water quality, including water clarity, are considered to be contributing causes.

o Ammonium (NH4+) in areas with “considerable” livestock farming can

shifts from coral dominance to algae dominance with increased nutrient input. A

are declining worldwide, and these trends are particularly severe. Changes in

affecting the composition of the fringing reef community, which can experience phase

nearshore water quality, these data will not directly inform if/how dairy operations are

o Nutrient enrichment has also been linked to coral decline and disease. Coral reefs

nearshore waters can be a useful approach to evaluate the impact of dairy operations on

degradation of dead phytoplankton consumes oxygen.

the discharge point of the Waiopili Stream. While water quality monitoring in the

dissolved oxygen concentrations in bottom sediments, where microbial

o Excessive phytoplankton abundance can affect corals, which leads to decreased

The DEIS fails to include a monitoring plan to assess the health of the fringing reefs near

marine waters.

corals, killing them or limiting their growth.

pathogens and nutrients in the stream (freshwater) and resulting connection with the

contributes to shading of corals, and increases in macroalgae can smother reef

to the stream do not include input from the dairy, which will increase concentrations of

macroalgae growth that can effect corals. Increased phytoplankton abundance

“substantially lower” concentrations of indicator bacteria in the marine waters compared

Similarly, surface water samples collected in the nearshore water that show

o Increased nutrients (from manure or fertilizer) stimulate phytoplankton and

x
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o Corals require clear waters for zooxanthellae photosynthesis.

Corals are sensitive to water quality changes.

1501952.000-9956
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21

x

x
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declining.

14

safe area for marine activities and is not used for recreation that a substantial,

MRCI erroneously assume that because the area offshore of the Waiopili Stream is not a

nutrients than the release of a concentrated nutrient load to a localized area in a pulse.

load over a larger area over a longer time period results in greater dilution of the

assumption of the percentage of nutrients released to the marine environment) nutrient

scientific rationale for this opinion. Release of a comparable (depending on the

marine water quality than a concentrated, sporadic release without providing any

Stream. They suggest that a chronic input spread over a large area has more impacts to

http://www.parrishkauai.com/blog/hawaiian-monk-seals/

https://kauaiseals.wordpress.com/)

15

National Marine Fisheries Service. May 2016. U.S. Pacific Marine Mammal Stock Assessments: 2015. NOAA-TM-NMFSSWFSC-561. 399 pp. (NMFS Stock Assessment 2015)

Lowry, L. & Aguilar, A. 2008. Monachus schauinslandi. In: IUCN 2011. IUCN Red List of Threatened Species. Version
2011.1.
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26

25

24

be hauling up on the beach.

farm. 27 Monk seals typically forage along a long area of Kaua‘i coast (Figure 1), thus monk
seals from Po‘ipǌ will be foraging near the outflow from the proposed HDF site and may even

out and pup on Po‘ipǌ Beach, less than 4 miles away from the outflow of the planned HDF

this assertion were conducted during dry weather conditions.

releases nutrients over a large area, to the point discharge of nutrients from the Waiopili

the monk seals to pathogen pollution from the outflow of HDF. Monk seals are known to haul

exercises to demonstrate this assumption, and the field measurements they use to support

MRCI contrast the area impacted from nutrient releases in the Po‘ipǌ area, which

and discharges from the Waiopili Stream during HDF operation will likely increase exposure of

nutrient inputs from the HDF to surface waters, but they failed to conduct any modelling

public website. 26 Foraging and haul-out areas used by the monk seals include Gillin’s Beach,

evaluated.

MRCI assume that physical mixing in the marine environment will rapidly dilute

During the pupping season on Kaua‘i, daily reports of monk seal activity are provided on a

discharge plume, and impacts from discharges of nutrients in groundwater have not been

nutrients in groundwater will reach the nearshore ocean in a long-term, chronic

Oceanic and Atmospheric Administration (NOAA) reports population estimates at 1,112 and

environmental impacts and should be evaluated. In addition, elevated concentrations of

Threatened species24. Hawaiian monk seals are protected under the Endangered Species Act
(ESA), Marine Mammal Protection Act (MMPA), and state law in Hawaii 25 and the National

endangered marine mammal in the United States and is currently on the IUCN Red List of

greater than considered by MRCI.

release of highly concentrated pathogens and nutrients can have substantial negative

which is native to Hawaii, including the island of Kaua‘i. The Hawaiian monk seal is the most

landscape fertilizer. Thus, the cumulative impact to marine waters could be substantially

MRCI assert that nutrient impacts from HDF would not be chronic; however, a pulsed

The DEIS did not address the endangered Hawaiian monk seal (Neomonachus schauinslandi)

waters also fails to consider additional area inputs of nutrients, such as wastewater and

impacts to monk seals or sea turtles. Thus, the DEIS failed to assess this important resource.

The DEIS did not evaluate HDF’s impact to the marine environment, and in particular the

The scenario used by MRCI to evaluate nutrient input from HDF to the nearshore marine

and surface water merge.

substantial effects to marine water quality beyond the immediate area where ocean water

quality from the HDF is insufficient to conclude that the project will not cause

1501952.000-9956

x

x

x

x

x

outlet.
2.5.2 Monk Seals

how such concentrated releases would impact the coral reefs near the Waiopili Stream

possible nutrient loads, and by failing to consider seasonal changes in the quantity of

nutrients that will be released from the HDF, the DEIS for impacts to marine water

concentrated influx of nutrients is inconsequential. In reality, MRCI failed to evaluate

the percentages of nutrient impact to the marine environment and to consider a range of

July 21, 2016

wastewater and landscape fertilization. By failing to provide scientific justification for
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16

National Marine Fisheries Service. 2007. Recovery Plan for the Hawaiian Monk Seal (Monachus schauinslandi). Second
Revision. National Marine Fisheries Service, Silver Spring, MD. 165 pp.
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Work TM, Verma SK, Su C, Medeiros J, Kaiakapu T, Kwok OC, Dubey JP. 2016. Toxoplasma gondii antibody
prevalence and two new genotypes of the parasite in endangered Hawaiian Geese (Nene: Branta sandvicensis).
Journal of Wildlife Diseases 52:253–257.

http://www.fpir.noaa.gov/Library/PRD/Hawaiian%20monk%20seal/Fact%20Sheets/HMS-top_threats.MAY2010.pdf

29

28

hauled out to rest, pup, and nurse onshore on beaches, rocky areas, and even nearby streams, all

animals, and can be transmitted though water.30 Exposure to monk seals occurs during their time

confirmed. Both of these pathogens are zoonotic, can originate in livestock, domestic, and feral

the Big Island showed evidence of Leptospira bacteria exposure but the cause of death was not

parasite that has been known to be lethal to Hawaiian birds.29 Two other mortality cases from

gondii), a protozoal parasite transmitted through feces of cats. This is the same protozoal

population.28 In the early 2000s, six monk seals died from exposure to toxoplasma (Toxoplasma

carrier wildlife could have a “catastrophic” effect to the immunologically naïve monk seal

17

https://koloalandingresort.com/when-and-where-is-the-place-to-view-sea-turtles-in-kauai/

NMFS Stock Assessment 2015

NMFS Stock Assessment 2015
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33

32

31

Kaua‘i. 33

reported to haul out and nest on a few Hawaiian islands including the southern shore of

turtle (Chelonia mydas) and hawksbill (Eretmochelys imbrica). Green sea turtles have been

Six species of sea turtles occur in the Pacific but two regularly occur in Hawaii, the green sea

2.5.3 Sea Turtles

The DEIS did not address any of these concerns listed above.

comprising 30% of the total monk seal population.32

the risk of exposure to pathogens introduced from livestock, feral animals, pets, and other

Recent 2013 estimates by NOAA reported 179 animals in the Nihoa, Necker, and MHI

also hauls out and pups on Kaua‘i and other Main Hawaiian Islands (MHI). NOAA highlights

Figure 2. Seal Count by Island, 2007–2016. 31

populations with an estimated growth of 6.5% per year.

islands of the NWHI (Nihoa and Necker islands) are experiencing a rise in monk seal

of which can be points of entry of polluted upland freshwater drainage. The MHI and lower

July 21, 2016

Northwest Hawaiian islands (NWHI), though a small but increasing portion of their population

Monk seals primarily forage in the offshore and nearshore waters and pup on the beaches of the

https://kauaiseals.wordpress.com/2016/06/page/3/

Figure 1. Foraging path of one male monk seal on Kauai’s east coast.
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arginine and fibropapillomatosis.

of the green sea turtles and thus increase the potential for exposure to tumor promoting

Outflow from the HDF could increase the likelihood of eutrophication in foraging areas

promote latent herpesviruses and cause fibropapillomas in green turtles.37

eutrophication and increased arginine content in macroalgae, which may metabolically

There appeared to be clusters of green sea turtles with fibropapillomas in areas with high

in the nearshore environment.

notably arginine. 36 Green sea turtles forage on algae and sea grasses on rocks and reefs

fibropapillomas sea turtles and macroalgae high in tumor promoting amino acids, most

Researchers in Hawaii have recently reported an association between the incidence of

ability to avoid predators is reduced.

35

and/or ingest food. Tumors around the eyes may also impair vision so that a turtle’s

if a tumor obstructs a turtle’s mouth or eyes, it may starve due to inability to locate

effects, their location could be detrimental to the survival of an individual. For example,

While the tumors do not appear to be accompanied by any other symptoms or negative

Fibropapillomas occur on exposed soft tissue including flippers, head, and neck areas.

http://www.fpir.noaa.gov/PRD/prd_green_sea_turtle.html

http://www.fpir.noaa.gov/PRD/prd_green_sea_turtle.html
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Van Houtan et al. (2014), Eutrophication and the dietary promotion of sea turtle tumors. PeerJ 2:e602;
DOI 10.7717/peerj.602

37

Van Houtan KS, Hargrove SK, Balazs GH (2010) Land Use, Macroalgae, and a Tumor-Forming Disease in Marine Turtles. PLoS ONE 5(9):
e12900. doi:10.1371/journal.pone.0012900

36

35

34

The DEIS did not address any of these concerns listed above.

x

x

x

x

Hawaii. These disease concerns include:

entanglement. 34 Disease is considered the primary threat and has been a cause of concern in

sea turtles in Hawaii include disease, incidental take in fisheries, ingestion of marine debris, and

operations will increase the risk of sea turtle exposure to pathogen pollution. Threats to Green

The range of haul-out beaches includes areas near the Waiopili Stream, and thus dairy
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Harmful Algae Blooms

Introduction of exotic species

occurrence of HABs.

themselves, and the DEIS did not propose a management strategy to minimize the

The DEIS did not discuss the impact from HAB to the aquatic resources nor to the cows

seals, turtles, and fishes).

as potentially impacting the adjacent marine system (including marine mollusks, monk

HAB occurring in the drainage ditches between pastures and the Waiopili Stream as well

The poorly drained soils and high nutrients from the dairy will increase the likelihood of

resources, and golden algae have been documented in many states include Hawaii.38

Pyrmnesium parvum. The golden algae has caused fish kills and harmed many aquatic

Additional to cyanobacteria, another HAB comes from the marine golden algae,

for human/animal health and water use.

of harmful algal blooms (HABs) is increasing for a variety of reasons, with implications

important in the protection of human and ecological health. The frequency and intensity

health threat. The accurate detection of harmful cyanotoxins has become increasingly

from cyanobacteria are harmful ecologically, cause economic impact, and are a public

worldwide concern in areas with eutrophic water conditions. Cyanotoxins generated

increasingly common over the last few decades. Cyanobacteria (blue green algae) are a

The occurrence and intensity of cyanobacterial harmful blooms have become

19

New Mexico State University. Toxic Golden Algae (Prymnesium parvum), Circular 647.
http://aces.nmsu.edu/pubs/_circulars/cr-647/welcome.html accessed 6/23/2016.

1501952.000-9956

38

project.

thus the analysis of the DEIS is insufficient in its assessment of the impacts from the proposed

beetles, and attraction of exotic species due to habitat changes (e.g., settling or storage ponds);

to Kaua‘i during transportation of equipment and feed, relocation of invertebrates such as dung

The DEIS does not address the controls necessary to stop further invasive species from arriving

2.7

x

x

x

x

property that could spread into the nearby marine system.

The DEIS did not address the potential for harmful algal blooms in water features on the

2.6
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x
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http://dlnr.hawaii.gov/hisc/info/invasive-species-profiles/coqui/

Vignolio O.R. and O.N. Fernández. 2010. Cattle dung as vector of spreading seeds of exotic species in the
Flooding Pampa grasslands (Buenos Aires, Argentina). Annales Botanici Fennici 47: 12–22.

Weller S, Florentine S, Sillitoe J, Grech C, McLaren D, Chauhan BS. Detecting the Seeds of Nassella neesiana
in Large Round Hay Bales, by Means of Non-Destructive Core Sampling. Li M, ed. PLoS ONE.
2015;10(9):e0137343. doi:10.1371/journal.pone.0137343.

Thomas, A. G., A.M. Gill, P. H.R. Moore, and F. Forcella. 1984. Drought feeding and the dispersal of weeds.
Journal of the Australian Institute of Agricultrual Science 50: 103–107.

are an invasive species listed as a rapid response species that can be transported on

42

The Coqui frogs (Eutherodactylus coqui) are only found in a few locations on Kaua‘i but

increase.

provides no information as the methods that will be employed to mitigate this population

which will have deleterious effects on native populations of arthropods. The DEIS

were found on site. They can infest buildings and greatly increase their population,

Big-headed ants (Pheidole megacephala) are an aggressive pest species in Hawaii and

management options to mitigate the risk.

control ant introductions? The DEIS did not perform any analysis or propose any

invertebrates such as dung beetles from the Big Island, what methods will be used to

being strictly controlled to reduce spread. When transporting equipment, feed or

Little fire ants (Wasmannia auropunctata) are an invasive pest on the Big Island that is

plan and strategy for mitigation should have been part of the DEIS.

checked for exotic species is necessary. In addition, the development of a management

statement explaining where the additional feed is coming from and how it is being

can then spread the exotic seeds by transporting them through endozoochory. A

41

Feed shipments frequently carry exotic seeds which are difficult to quantify. Cattle

3.0

Hawaiian Hoary bat (Lasiurus cinereus semotus)
Hawaiian petrel (Pterodroma sandwichensis)
Newell’s shearwater (Puffinus auricularis newelli)
Band-rumped storm petrel (Oceanodroma castro)
Kaua‘i cave wolf spider (Adelocosa anops)

x
x
x
x
x
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US Fish and Wildlife (USFW). 2015. Comment letter from Aaron Nadig, Island Team Manager to Jeffrey
Overton concerning USFW concerns of the Proposed Hawai‘i Dairy Farm project, dated 23 February 2015.
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Hawaiian goose (Branta sandvicensis)

x

Ohai (Sesbania tomentosa)

Hawaiian duck (Anas wyvilliana)

x

Kaua‘i cave amphipod (Spelaeorchestia koloana)

Hawaiian coot (Fulica alai)

x

x

Hawaiian moor hen (Gallinula chloropus sandvicensis)

x

x

Hawaiian black-necked stilt (Himantopus mexicanus knudseni)

x

were for the potential impacts of many important, threatened or endangered species including:

USFW listed concerns and recommendations for the proposed HDF project. Their concerns

In a six-page letter from Aaron Nadig, USFW Island Team Manager, to Jeffrey Overton, 43 the

US Fish and Wildlife Service Recommendation letter and
Response to Recommendations

HDF construction or operations.

from various islands to the proposed HDF facility, this species may be introduced by

40

the cattle. They do not clarify where they will obtain the feed for the remaining 30%.
39

found on other islands. Depending on how materials, equipment, feed, etc. are moved

On page 1-4, the DEIS states that the pasture system will grow 70% of the feed needs of

Jackson’s chameleon (Chamaeleo jacksonii) has not yet been introduced to Kaua‘i but is

species) and react if they are introduced.

staff on how to recognize harmful species if they are introduced.

species to Kaua‘i, nor does it contain information on the education that will be given to

population of Coqui. The DEIS does not contain a management plan or proposed
mitigation strategy for the staff to be trained to recognize this species (or other invasive

and insect populations that will be supported on the HDF land will support a large

becoming naturalized.

The DEIS does not include any specific control measures for the introduction of exotic

vehicles or when moving plants. The Waiopili Stream and other water features proposed

islands, which state and national agencies are trying to stop from spreading and

July 21, 2016

Hawaii is a highly invaded system with many invasions restricted to only one or a few
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41

40

39

x

x

x

x

x

x
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US Fish and Wildlife (USFW). 2015. Comment letter from Aaron Nadig, Island Team Manager to Jeffrey
Overton concerning USFW concerns of the Proposed Hawai‘i Dairy Farm project, dated 23 February 2015.

from the toxic release of chemicals, nutrients, and pesticides from the HDF construction

USFW had concerns about the impacts to important, threatened and endangered animals

should be carefully sited.

guy-wires, and communication towers should not be used, or when necessary they

equipment or shielding of the light when sensors cannot be in installed. Utility lines,

recommended that artificial lighting be used with the installation of motion sensing

increase collision risks in utility lines, guy-wires, and communication towers. They

USFW had concerns about the attraction of seabirds by artificial lights, which would

adjacent to the proposed project area.

Hoary bat that could impact the foraging of insects in the pastures by populations

Elimination of the use of barbed wire to reduce or eliminate the impacts to the Hawaiian

management plan be developed to address these concerns.

of waterbirds and geese (in particular the Hawaiian goose). They recommended that a

USFW had concerns about impacts during construction and operation to nesting habitat

Limitations

23

Group 70 International. 2016. Response letter from Jeffrey Overton to Aaron Nadig, USFW Island Team
Manager on USFW recommendations for the proposed Hawai‘i Dairy Farm Project.
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available.

and to expand or modify opinions based on review of additional material as it becomes

presents the findings resulting from that work. We reserve the right to supplement this report

information to the best of our ability. This report summarizes work performed to-date and

information generated or reported by the HDF is unclear, and we have interpreted that

unless otherwise stated, assume that they are accurate. In addition, some of the data and

publicly available information. We have generally not verified these data independently and,

The information upon which we rely in preparing this report is from the HDF DEIS and from

4.0

mitigation strategies to reducing potential impacts that may occur from the proposed project.

impacts from the proposed project as well as inadequate in providing management options and

recommendations. The DEIS is insufficient in providing necessary analysis to the potential

DEIS, the main body of the DEIS failed to provide an assessment of the USFW concerns and

to address these concerns.
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x

x

x

x

While the recommendation letter and response letter are presented in the appendices of the

and geese by avian botulism. They recommended that a management plan be developed

commonly occurring in nutrient-rich substrates, and the potential impact to waterbirds

insufficient as to USFW’s concerns or recommendations.

geese (specifically the Hawaiian goose). Other responses provided minimal details and were

USFW had concerns about the increased impacts from Clostridium botulinum, a bacteria

waterbirds from becoming entangled or colliding with the fencing.

x

paddocks, which is in conflict with the USFW concern for the protection of waterbirds and

recommendations. For example, the response letter proposed the use of electric fencing for the

Elimination of electric fencing in the paddocks to reduce or prevent adult and juvenile

his letter as mitigation strategies were in direct conflict with the USFW concerns or

reproductive success.

x

ignored in the response letter and several of the items that were proposed by Jeffrey Overton in

to reduce or eliminate damage from collision, increased predation, and reduced

Control of non-native predators such as feral cats and rats.

by USFW; however, most of the items that were raised or recommended by USFW were

Covering the settling and storage ponds to reduce the attraction of waterbirds and geese

x

x

A response letter from Jeffrey Overton to Aaron Nadig 45 addressed some of the concerns raised

these concerns.

impacts44. Several of these management recommendations included:

and operation. They recommended that a management plan be developed to address

the letter offered management recommendations and mitigation strategies to reduce or eliminate

July 21, 2016

In additional to their concerns over potential impacts from the proposed project to these species,
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I.

EXECUTIVE SUMMARY

BY PROPOSING THIS PROJECT IN HAWAI॒I, HDF AVOIDS MORE STRINGENT REQUIREMENTS
APPLIED BY OTHER JURISDICTIONS.

dŚĞŵŽƐƚƌĞĐĞŶƚůǇĂĚŽƉƚĞĚ'ĞŶĞƌĂůKƌĚĞƌ by the San Francisco Bay Regional Water Quality Control
Board, 2016 that will include milk cow, sheep and goat dairy operations in a grazing environment with
ůŽǁƚŚƌĞĂƚƚŽǁĂƚĞƌƋƵĂůŝƚǇ includes protection of manure storage areas from inundation during a 100
ǇĞĂƌĨůŽŽĚ͕ĚĞǀĞůŽƉŵĞŶƚĂŶĚŝŵƉůĞŵĞŶƚĂƚŝŽŶŽĨĂƐƵƌĨĂĐĞǁĂƚĞƌŵŽŶŝƚŽƌŝŶŐƉƌŽŐƌĂŵ;ĚĂƚĂƐƵďŵŝƚƚĞĚ
ĂŶŶƵĂůůǇĨŽƌƌĞǀŝĞǁͿ͕ĐŽŶĚƵĐƚŝŶŐǀŝƐƵĂůŝŶƐƉĞĐƚions, grazing operation monitoring and reporting, and
groundwater well testing ;ĚĂƚĂƐƵďŵŝƚƚĞĚŝŶAnnual RĞƉŽƌƚͿ. Compliance with dŝƚůĞϮϳ regulations is
ƌĞƋƵŝƌĞĚ͘dŚŝƐKƌĚĞƌŝŶĐůƵĚĞƐĐŽŵŵĞƌĐŝĂůŚŽƌƐĞŽƉĞƌĂƚŝŽŶƐĂŶĚŽƚŚĞƌůŝǀĞƐƚŽĐŬĂŶĚƉŽƵůƚƌǇŽƉĞƌĂƚŝŽŶƐ.
ƐƉĞƌĞǆŝƐƚŝŶŐƌĞŐƵůĂƚŽƌǇƌĞƋƵŝƌĞŵĞŶƚƐ͕ĞǆŝƐƚŝŶŐĚĂŝƌŝĞƐǁŝƚŚůŽǁƚŚƌĞĂƚƚŽǁĂƚĞƌƋƵĂůŝƚǇŵƵƐƚĐŽŵƉůĞƚĞ
Ă'ƌĂǌŝŶŐDĂŶĂŐĞŵĞŶƚWůĂŶĂŶĚtĂƐƚĞDĂŶĂŐĞŵĞŶƚWůĂŶĚƵƌŝŶŐϮϬϭϳĂŶĚĂEƵƚƌŝĞŶƚDĂŶĂŐĞŵĞŶƚ
Plan by 2019. Large facilities ;хϲϵϵŵŝůŬŝŶŐĂŶĚĚƌǇĐŽǁƐͿŵƵƐƚƐƵďŵŝƚEƵƚƌŝĞŶƚDĂŶĂŐĞŵĞŶƚWůĂŶƐ
prior to being enrolled. For existing facilities, any facility that is greater than a low threat to water
ƋƵĂůŝƚǇŵƵƐƚĐŽŵƉůĞƚĞĂĚĞƚĂŝůĞĚƐĐŚĞĚƵůĞĨŽƌŝŵƉƌŽǀĞŵĞŶƚƐĂŶĚƵƉĚĂƚĞƐǁŝƚŚŝŶĞĂĐŚŶŶƵĂůZĞƉŽƌƚ͘
EĞǁĨĂĐŝůŝties need to submit all necessary Plans for review prior to construction and comply with CEQA
4

3

Most grazing dairies in California are coastal dairies. Although there is an acknowledgement that the
&ĞĚĞƌĂůůĞĂŶtĂƚĞƌĐƚŚĂƐƐƉĞĐŝĨŝĐƌĞƋƵŝƌĞŵĞŶƚƐĨŽƌĚĂŝƌǇŽƉĞƌĂƚŝŽŶƐƚŚĂƚŵĞĞƚƚŚĞƉĞƌŵŝƚƚŝŶŐ
threshold of 699 milking and dry cows, the State Water Resources Control Board and each of the
Regional Water QualŝƚǇŽŶƚƌŽůŽĂƌĚƐƌĞƋƵŝƌĞthat all dairy operations including pasture operations
ƐĞĞŬĐŽǀĞƌĂŐĞƚŚƌŽƵŐŚtĂƐƚĞŝƐĐŚĂƌŐĞZĞƋƵŝƌĞŵĞŶƚƐŽƌŽŶĚŝƚŝŽŶĂůtĂŝǀĞƌŽĨtĂƐƚĞŝƐĐŚĂƌŐĞ
ƌĞƋƵŝƌĞŵĞŶƚƐ͘dŚĞŵŝŶŝŵƵŵƐƚĂŶĚĂƌĚƐĨŽƌĐŽŵƉůŝĂŶĐĞĂƌĞĐŽŵƉůŝĂŶĐĞǁŝƚŚĞǆŝƐƚŝŶŐState regulations
found in California Code of Regulations dŝƚůĞϮϳ͘

In each section of the EIR, an area is devoted to project consistency with existing plans or policies, a
clear definition of criteria to determine significance, as well as impacts and mitigation measures.

dŚĞ/^ƉƌĞƉĂƌĞĚĨŽƌ,&ĚŽĞƐŶŽƚƉƌŽǀŝĚĞƐƵĨĨŝĐŝĞŶƚĚĞƚĂŝůƚŽĂĚĞƋƵĂƚĞůǇĞǀĂůƵĂƚĞƉŽƚĞŶƚŝĂůĚŝƌĞĐƚĂŶĚ
cumulative impacts from the proposed project. If this ŶĞǁĚĂŝƌǇ;Žƌ ĂŶĞǆƉĂŶƐŝŽŶŽĨĂŶĞǆŝƐƚŝŶŐĚĂŝƌǇͿ
was proposed in California, an Environmental Impact Report ;/ZͿƚo comply with the California
Environmental Quality Act is a mandatory process regardless of the number of cows associated with the
project, since a discretionary land use permit is associated with changing land use from one agricultural
activity to a dairy operation. For a California project, the EIR would include all technical appendices
necessary to evaluate the potential impacts ;ĚŝƌĞĐƚĂŶĚĐƵŵƵůĂƚŝǀĞͿŽĨƚŚĞƉƌŽũĞĐƚ and permit
application documents with detailed calculations and assumptions would be available for review.
dŚƌŽƵŐŚƚŚĞĐƵŵƵůĂƚŝǀĞĂŶĂůǇƐŝƐ͕ŝŵƉĂĐƚƐŽĨĂůůĂŶŝŵĂůƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞƉƌŽũĞĐƚ;ŝŶĐůƵĚŝŶŐĂŶŝŵĂůƐ
ƌĞĂƌĞĚŽĨĨƐŝƚĞͿ would be included in the analysis. Applicant information addressing hydrological setting
for the project site includes ĨůŽŽĚĐŽŶƚƌŽů͕ƌƵŶŽĨĨ͕ĚƌĂŝŶĂŐĞ͕ĂŶĚǁĂƚĞƌƋƵĂůŝƚǇand ĂƌĞƌĞƋƵŝƌĞĚ͘dŚŝƐ
section includes a detailed analysis of salt loading ;ĐĂƚŝŽŶƐĂŶĚĂŶŝŽŶƐͿ as a result of the project
;ŝŵƉŽƌƚĞĚĨĞĞĚĂŶĚĨĞƌƚŝůŝǌĞƌƐĂƐǁĞůůĂƐƐĂůƚƐĨƌŽŵŐƌŽƵŶĚǁĂƚĞƌ, ŝĨƉƌĞƐĞŶƚͿ͘ŶĂůǇƐĞƐŽĨƉŽƚĞŶƚŝĂů
impacts due to construction and daily operation are necessary. Detailed information related to manure
source genĞƌĂƚŝŽŶĂŶĚŶƵƚƌŝĞŶƚŵĂŶĂŐĞŵĞŶƚ;ƚŚƌŽƵŐŚƚŚĞƉƌŽĚƵĐƚŝŽŶĨĂĐŝůŝƚǇĂŶĚůĂŶĚĂƉƉůŝĐĂƚŝŽŶĂƌĞĂƐͿ
is available from the permitting agency if not included in the document. dǇƉŝĐĂůůǇ͕ĂůůĐĂůĐƵůĂƚŝŽŶƐ
necessary to determine impacts to ĂŝƌƋƵĂůŝƚǇĂƌĞƉƌŽǀŝĚĞĚ or details are accessible through sources
referenced. Stationary and mobile sources from building, agricultural and dairy operations are detailed
ĨŽƌWĂƌƚŝĐƵůĂƚĞDĂƚƚĞƌŽĨϭϬŵŝĐƌŽŶƐŝŶĂĞƌŽĚǇŶĂŵŝĐĚŝĂŵĞƚĞƌ;WDϭϬͿĨƌŽŵĨƵŐŝƚŝǀĞĚƵƐƚ͕ĞǆŚĂƵƐƚ
emissions ĨƌŽŵĚĂŝƌǇĂŶĚĂŐƌŝĐƵůƚƵƌĂůĞƋƵŝƉŵĞŶƚ͕ĞŵŝƐƐŝŽŶƐĨƌŽŵŵĂŶƵƌĞĚĞĐŽŵƉŽƐŝƚŝŽŶ͕ĞŵŝƐƐŝŽŶƐ
from cattle, and localized and regional emissions from motor vehicle use associated with the project.
ĚĚŝƚŝŽŶĂůĐŽŵƉŽŶĞŶƚƐĂƌĞƌĞƋƵŝƌĞĚ͘

California regulations are not applicable to HDF, which has chosen to propose this dairy in Mahaulepu.
Hawai॔i regulators, however, should consider that ǁĂƚĞƌƋƵĂůŝƚǇĂŶĚĂŝƌĚŝƐƚƌŝĐƚƌĞŐƵůĂƚŽƌǇĂŐĞŶĐŝĞƐŝŶ
California have enacted extensive regulations to ƌĞƐƚƌŝĐƚ͕ŵĂŶĂŐĞ͕ĂŶĚƌĞƋƵŝƌĞŵŝƚŝŐĂƚŝŽŶƐŽĨ dairy
impacts on natural resources. In evaluating approvals for HDF, Hawai॔i governmental authorities should
be mindful that because Hawai॔i has not been subject to impacts from small or large scale dairy
operations such as those in California, Hawai॔i does not have the regulatory systems in place to ensure
its communities are protected. With this knowledge in mind, additional careful scrutiny of the impacts
ĨƌŽŵ,&͛ƐƉƌŽƉŽƐĞĚĚĂŝƌǇĨĂƌŵĂƌĞƌĞƋƵŝƌĞĚ͘ For the benefit of Hawai॔i regulators, and to provide an
ŽǀĞƌǀŝĞǁŽĨƌĞŐƵůĂƚŽƌǇƌĞƋƵŝƌĞŵĞŶƚƐĨŽƌĚĂŝƌŝĞƐŝŶŽƚŚĞƌũƵƌŝƐĚŝĐƚŝŽŶƐ͕some of the California regulatory
ƌĞƋƵŝƌĞŵĞŶƚƐĨŽƌŶĞǁĚĂŝƌŝĞƐĂƌĞƐƵŵŵĂƌŝǌĞĚďĞůŽǁ͘

dŚĞ/^ƉƌŽǀŝĚĞĚďǇ,&ĨĂŝůƐƚŽŝŶĐůƵĚĞĚĞƚĂŝůĞĚƚĞĐŚŶŝĐĂůŝŶĨŽƌŵĂƚŝŽŶƌĞƋƵŝƌĞĚďǇƌĞŐƵůĂƚŽƌƐŝŶ
California to assess nutrients and water cycling, animal and manure management and potential impact
ƚŽĞǆŝƐƚŝŶŐǁĂƚĞƌƌĞƐŽƵƌĐĞƐ;ƋƵĂŶƚŝƚǇĂŶĚƋƵĂůŝƚǇͿĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞĚŝƌĞĐƚĂŶĚĐƵŵƵůĂƚŝǀĞŝŵƉĂĐƚƐŽĨ
the operation. Additionally, absent a regulatory permit foundation, there are no checks and balances
established to mitigate predicted or unpredicted impacts from the facility once built.

II.

DŝůŬƉƌŽĚƵĐƚŝŽŶĚƌŝǀĞƐĚƌǇŵĂƚƚĞƌŝŶƚĂŬĞ;ƚŚĞĂŵŽƵŶƚŽĨĨĞĞĚĞĂƚĞŶĂĨƚĞƌƐƵďƚƌĂĐƚŝŶŐǁĂƚĞƌͿ͘,ŝŐŚĞƌ
producing cows eat more. As milk production increases, nutrient density of the diet increases. Kikuyu
nutrient composition is unbalanced for dairy cattle as a sole feedstuff. Mineral concentrations of
calcium and sodium are lower in this forage while nitrogen, potassium, phosphorus, chloride, and iron
concentrations are typically fed in excess. HDF will be forced to rectify deficiencies in nutrient
composition of forages through concentrate feeding and additional salt feeding. HDF has failed to
provide information regarding, and evaluate impacts from supplementation with grain concentrates.
dŚĞƐĞŽĨĨ-island feed sources will import nitrogen and salts. HDF failed to estimate nutrient imports.
Pasture management ƉƌĂĐƚŝĐĞƐ;ĨĞƌƚŝůŝǌĂƚŝŽŶĂŶĚƚŽƉƉŝŶŐͿas well as rotation and grazing objectives are
not provided in sufficient detail to determine pasture yields throughout the year to allow assessment of
nutrient uptake abilities of kikuyu.

dŚĞ/^ ĚŽĞƐŶŽƚƉƌŽǀŝĚĞƐƵĨĨŝĐŝĞŶƚĚĞƚĂŝůƚŽĂĚĞƋƵĂƚĞůǇĞǀĂůƵĂƚĞƉŽƚĞŶƚŝĂůĚŝƌĞĐƚĂŶĚĐƵŵƵůĂƚŝǀĞ
impacts from the proposed project. Insufficient or incorrect information was provided on animal
numbers, animal productivity, estimates of feed intake, estimates of nutrient composition of feed
intake, and pasture management to determine project impacts. dŚŝƐƌĞƉŽƌƚƚŚĞƌĞĨŽƌĞĞƐƚŝŵĂƚĞƐŵĂŶƵƌĞ
and nutrient excretion ƋƵĂŶƚŝƚŝĞƐ using ASABE Standard Values. dŚŝƐŝŶĨŽƌŵĂƚŝŽŶŝƐĐƌŝƚŝĐĂůƚŽĂƐsess
increases in nutrients at the proposed dairy location, throughout Kaua॔i where animals are reared
offsite, and the potential for nutrient runoff or infiltration.

dŚŝƐƌĞƉŽƌƚĂĚĚƌĞƐƐes the completeness and correctness of animal and manure management
information presented in the ĐƵƌƌĞŶƚƌĂĨƚŶǀŝƌŽŶŵĞŶƚĂů/ŵƉĂĐƚ^ƚĂƚĞŵĞŶƚ;/^ͿƉƌĞƉĂƌĞĚĨŽƌ,ĂǁĂŝ॔i
ĂŝƌǇ&ĂƌŵƐ;,&Ϳ and their associated Waste Management Plan as referenced in the DEIS.

I.

HDF HAS FAILED TO PROPERLY QUANTIFY MANURE PRODUCTION AND NUTRIENT EXCRETION

dĂďůĞ1 Manure and nutrient excretion estimates from dairy animals.
Pounds excreted per animal day
Manure
E
P
K
>ĂĐƚĂƚŝŶŐĐŽǁ;ϰϮůďƐŵŝůŬͬĚĂǇͿ
1221 0.801 0.131 0.141
Dry cow
75.561 0.661 0.081 0.252
Replacement heiferƐͬƐƚĞĞƌƐ ;ϰϬϬƚŽϭϬϬϬůďƐͿ3
51.801 0.391 0.082 0.192
Replacement heiferƐͬƐƚĞĞƌƐ ;ϭϱϬƚŽϰϬϬůďƐͿ3
18.701 0.141 0.042 0.092
Calf3
ŶͬĂ 0.041 0.012 0.012
Pounds excreted per 699 milking
cow herd per day
699 milking cows
EƵŵďĞƌ
Manure
E
P
K
>ĂĐƚĂƚŝŶŐĐŽǁƐ;ϰϮ ůďƐŵŝůŬͬĚĂǇͿ
6994
85,278
559
91
98
Dry cow
133
10,049
87
11
33
Replacement heiferƐͬƐƚĞĞƌƐ ;ϰϬϬƚŽϭϬϬϬůďƐͿ3
1,248
64,643
485
99
238
Replacement heiferƐͬƐƚĞĞƌƐ ;ϭϱϬƚŽϰϬϬůďƐͿ3
208
3,890
29
9
19
208
8
1
1
Calf3
Pounds excreted per 2000
milking cow herd per day
2000 milking cows
EƵŵďĞƌ
Manure
E
P
K
>ĂĐƚĂƚŝŶŐĐŽǁƐ;ϰϮůďƐŵŝůŬͬĚĂǇͿ
2,000
244,000 1,600
260
280
Dry cow
381
28,784
250
32
95
Replacement heiferƐͬƐƚĞĞƌƐ ;ϰϬϬƚŽϭϬϬϬůďƐͿ
3,571
184,991 1,388
282
680
Replacement heiferͬƐƚĞĞƌƐ ;ϭϱϬƚŽϰϬϬůďƐͿ
595
11,131
83
26
55
Calf
595
ŶͬĂ
22
4
4
5

In the absence of an estimate from HDF, this report estimates nutrient excretions based on ASABE
^ƚĂŶĚĂƌĚĞƋƵĂƚŝŽŶƐ;dĂďůĞϭͿ͘'ŝǀĞŶƚŚĞƌĞƉŽƌƚĞĚĐŽŶĐĞŶƚƌĂƚŝŽŶƐŽĨE͕WĂŶĚ<ŽĨŬŝŬƵǇƵŝŶƚŚĞ/^ŝƚŝƐ
ůŝŬĞůǇƚŚĂƚEĂŶĚ<ĞǆĐƌĞƚŝŽŶƐǁŝůůďĞŵƵĐŚůĂƌŐĞƌƚŚĂŶƚŚŽƐĞĞƐƚŝŵĂƚĞĚŝŶdĂďůĞϭĂŶĚĚĞƉĞŶĚŝng on
total dietary P, it will be greater as well. dŚŝƐŝƐůŝŬĞůǇĚƵĞƚŽĐŽŶĐĞŶƚƌĂƚŝŽŶƐŽĨƚŚĞƐĞŶƵƚƌŝĞŶƚƐďĞŝŶŐ
overfed beyond recommended amounts.

HDF failed to estimate excretion of animals utilizing Standard D384.2 Manure Production and
ŚĂƌĂĐƚĞƌŝƐƚŝĐƐ;^͕ϮϬϬϱͿ͘^^ƚĂŶĚĂƌĚǀĂůƵĞƐĂŶĚĞƋƵĂƚŝŽŶƐĂƌĞƵƚŝůŝǌĞĚďǇĐŽŶƐƵůƚŝŶŐ
ĞŶŐŝŶĞĞƌƐĂŶĚƚŚĞh^EĂƚƵƌĂůZĞƐŽƵƌĐĞƐŽŶƐĞƌǀĂƚŝŽŶ^ĞƌǀŝĐĞƐƚĂĨĨǁhen estimating excretion unless
actual dietary and milk production information are provided for a herd. dŚŝƐ^ƚĂŶĚĂƌĚƉƌŽǀŝĚĞƐ
ĞƋƵĂƚŝŽŶƐĨŽƌE͕WĂŶĚ<ĞǆĐƌĞƚŝŽŶĨƌŽŵŵŽƐƚƉƌŽĚƵĐƚŝŽŶƐƚĂŐĞƐŽĨĚĂŝƌǇĂŶŝŵĂůƐ͘dŚĞ^ƚĂŶĚĂƌĚĂƐƐƵŵĞƐ
animals are fed within 11ϯйŽĨĐƌƵĚĞƉƌŽƚĞŝŶƌĞƋƵŝƌĞŵĞŶƚƐ ;ƵƐĞĚƚŽĞƐƚŝŵĂƚĞEŝƚƌŽŐĞŶͿ. Milk
production amounts for lactating cattle and body weight values for non-ůĂĐƚĂƚŝŶŐĐĂƚƚůĞ;ĚƌǇĐŽǁƐĂŶĚ
ƌĞƉůĂĐĞŵĞŶƚŚĞŝĨĞƌƐͿĂƌĞƌĞƋƵŝƌĞĚŝŶƉƵƚƐ͘

III.

ĂŶĂůǇƐŝƐ͘dŚĞĞŶƚŝƌĞƌĞĐŽƌĚis available for public review and comment. If a proposed new facility does
ŶŽƚŵĞĞƚƚŚĞƌĞƋƵŝƌĞŵĞŶƚƐŽĨƚŚĞ'ĞŶĞƌĂůKƌĚĞƌ͕ƚŚĞŶŝƚmay seek coverage under an Individual Order
ƚǇƉŝĐĂůůǇƌĞƋƵŝƌŝŶŐĂŵŽƌĞŝŶƚĞŶƐŝǀĞŵŽŶŝƚŽƌŝŶŐĂŶĚƌĞƉŽƌƚŝŶŐƉƌŽŐƌĂŵ as it is by definition a greater
ƚŚƌĞĂƚƚŽǁĂƚĞƌƋƵĂůŝƚǇ.

A.

HDF does not quantify the total number of dairy animals associated with the project.

DEIS DEFICIENCIES

6

How many days before calving will animals be transported to the dairy? If more animals are transported
to the dairy than removed, then fewer lactating animals will be present if the 699 number is followed.
dŽŵĂŝŶƚĂŝŶĂŵŝůŬŝŶŐŚĞƌĚƐŝǌĞof 699, more than 832 cows will need to calve per year as some animals
will die or produce insufficient amounts of milk and be sold.

HDF fails to provide the following information:

Dairy operations have milŬŝŶŐĂŶĚĚƌǇĐŽǁƐ͘dŚĞƐƚĂŶĚĂƌĚĂƐƐƵŵƉƚŝŽŶŝƐƚŚĂƚĞĂĐŚĐŽǁŝƐŵŝůŬĞĚĨŽƌϯϬϱ
ĚĂǇƐŽĨĞĂĐŚǇĞĂƌ͕ĂŶĚŝƐĚƌǇ;ŶŽƚŵŝůŬĞĚͿϲϬĚĂǇƐĂǇĞĂƌ͘ϲϵϵĐŽǁƐǁŝůůďĞŵŝůŬĞĚĚĂŝůǇ͘ϯϬϱͬϯϲϱĚĂǇƐŝƐ
84% with the 60 days comprising 16% of the year. If 699 = 0.84 of total animals then, total animals =
832. Dry cows = 832 total cows - 699 milking cows сϭϯϯ͘dŚĞϭϯϯĂŶŝŵĂůƐǁŝůůďĞĚƌŝĞĚĂŶĚƌĞŵŽǀĞĚ
ĨƌŽŵͬƌĞƚƵƌŶĞĚƚŽƚŚĞĨĂĐŝůŝƚǇĂƉƉƌŽǆŝŵĂƚĞůǇĞǀĞƌǇϲϬĚĂǇƐ;ĂǀĞƌĂŐĞϭϱĐŽǁƐƉĞƌǁĞĞŬͿ͘

IV.

EƵƚƌŝĞŶƚŝŶƚĂŬĞďĂƐĞĚŽŶĂŝƌǇEZϭϵϴϴestimates for inputs. EƵƚƌŝĞŶƚ
composition based on the average bulk tank composition from 32 herds
;ZŽďŝŶƐŽŶ͕ĞƚĂů͕͘ϮϬϭϭͿ.

dĂďůĞ2͘ƐƚŝŵĂƚĞƐŽĨŶƵƚƌŝĞŶƚĞǆĐƌĞƚŝŽŶ;ƉŽƵŶĚƐƉĞƌŚĞĂĚƉĞƌĚĂǇͿĨƌŽŵ
lactating dairy cows based on milk production.
Milk Production @4% Fat Corrected Milk
20
30
40
50
Constituent
ƐƚŝŵĂƚĞĚĞǆĐƌĞƚŝŽŶůďͬŚĚͬĚ
Sodium
0.04
0.04
0.05
0.05
Chloride
0.04
0.05
0.06
0.06

dĂďůĞ2 illustrates the impact of different daily milk production amounts on estimated nutrient excretion
for sodium and chloride. dŚĞƐĞǀĂůƵĞƐǁĞƌĞĐĂůĐƵůĂƚĞĚďǇƚŚĞĚŝĨĨĞƌĞŶĐĞŽĨĞƐƚŝŵĂƚŝŶŐŝŶƚĂŬe of sodium
and chloride ǁŝƚŚĂƐƐƵŵĞĚƋƵĂŶƚŝƚǇĂŶĚĐŽŶĐĞŶƚƌĂƚŝŽŶŽĨĐŽŶƐƵŵĞĚĨĞĞĚ͕and estimating secretion of
ŶƵƚƌŝĞŶƚƐŝŶŵŝůŬďǇĂƐƐƵŵĞĚƋƵĂŶƚŝƚǇŽĨŵŝůŬĂŶĚĞƐƚŝŵĂƚĞƐŽĨŝƚƐŶƵƚƌŝĞŶƚĐŽŵƉŽƐŝƚŝŽŶ͘ EŽƚĞƚŚĂƚĨŽƌ
ƚŚĞůŽǁĞƌƉƌŽĚƵĐƚŝŽŶǀĂůƵĞƐ;ϮϬŽƌϯϬůďƐ ŽĨŵŝůŬĂĚĂǇͿĞǆĐƌĞƚŝŽŶƐĂƌĞůŝŬĞůǇƵŶĚĞƌĞƐƚŝŵĂƚĞĚ͘

EƵƚƌŝĞŶƚZĞƋƵŝƌĞŵĞŶƚƐŽĨĂŝƌǇĂƚƚůĞ;EZ͕ϭϵϴ8ͿŝĚĞŶƚŝĨŝĞƐƌĞĐŽŵŵĞŶĚĂƚŝŽŶƐĨŽƌdiet formulations
and intake amounts for all classes of dairy cattle. tŚĞŶ^ĞƋƵĂƚŝŽŶƐĂƌĞŝŶƐƵĨĨŝĐŝĞŶƚĨŽƌƉƌĞĚŝĐƚŝŶŐ
ĞǆĐƌĞƚŝŽŶ;ĞŝƚŚĞƌĞƋƵĂƚŝŽŶƐdon’t exist or dietary concentrations are excessive as will likely occur with
kikuyu feedingͿŵĂƐƐďĂůĂŶĐĞĐĂůĐƵůĂƚŝŽŶƐŽĨĨĞĞĚŶƵƚƌŝĞŶƚŝŶƉƵƚƐŵŝŶƵƐŵŝůŬĂŶĚďŽĚǇǁĞŝŐŚƚŶƵƚrient
outputs are used to estimate nutrient excretion.

ŶͬĂŝŶĚŝĐĂƚĞƐŶŽĚĂƚĂĂǀĂŝůĂďůĞŝŶ^^ƚĂŶĚĂƌĚ͘
Sources: 1ASABE Standard D384.2;
DĂƐƐďĂůĂŶĐĞĐĂůĐƵůĂƚŝŽŶƐďĂƐĞĚŽŶĂŝƌǇEZϭϵϴ8 estimates for input;
3
Category identification as replacement heifers. Bull calves included in this
category as HDF has provided no information to understand feeding out of
bulls or steers.
4
Animal numbers in each category are based on live births.
2

What is the assumed milking cow to dry cow population?
tŚĂƚŝƐƚŚĞĂƐƐƵŵĞĚŵŽƌƚĂůŝƚǇƌĂƚĞŽĨŵŝůŬŝŶŐĂŶŝŵĂůƐ;ŵŝůŬŝŶŐĐŽǁƐƚŚĂƚĚŝĞ--ŝŶǀŽůƵŶƚĂƌǇĐƵůůͿ͍
tŚĂƚŝƐƚŚĞǀŽůƵŶƚĂƌǇĐƵůůƌĂƚĞŽĨůĂĐƚĂƚŝŶŐĂŶŝŵĂůƐ;ŚŽǁŵĂŶǇůŝǀĞůĂĐƚĂƚŝŶŐĐŽǁƐǁŝůůďĞƐŽůĚ
ĂŶŶƵĂůůǇͿ͍ dŽŵĂŝŶƚĂŝŶϲϵϵŵŝůŬŝŶŐĐŽǁƐ͕ĂĚĚŝƚŝŽŶĂůƌĞƉůĂĐĞŵĞŶƚĂŶŝŵĂůƐ;ŵƵƐƚďĞƌĞĂƌĞĚŽƌ
purchased to fill-in for those animals removed from the milking herd in the first two years
;ĞŝƚŚĞƌĚƵĞƚŽĚĞĂƚŚŽƌƌĞĚƵĐĞĚŵŝůŬƉƌŽĚƵĐƚŝŽŶͿ͘
How many additional animals will be reared?
What is the mortality rate of young stock in pre-weaning, post-weaning, and post-conception
categories?
What is the age at first calving?

HDF’s Waste Management Plan Underestimates the number of calves.

HDF does not provide sufficient information to precisely quantify manure production.

If milk production is 1,000,000 gallons per year and the total number of cows producing that milk is 832
;ĂƐĚĞƐĐƌŝďĞĚŝŶĚĞĨŝĐŝĞŶĐǇͿ͕ƚŚĞŶƚŚĞĂǀĞƌĂŐĞƉƌŽĚƵĐƚŝŽŶŝƐϭ͕ϮϬϭŐĂůůŽŶƐ;ϭϬ͕ϯϮϵůďƐͬĐŽǁͬϯϬϱĚĂǇ
laĐƚĂƚŝŽŶͿŽƌĂďŽƵƚϮϴůďƐŽĨŵŝůŬĂĚĂǇ;ĂƐƐƵŵŝŶŐϭŐĂůůŽŶŽĨŵŝůŬŝƐϴ͘ϲůďƐͿ͘
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dŚĞ/^ŝƐinternally inconsistent by a magnitude of 50% in defining milk production. “More than
ϭ͕ϬϬϬ͕ϬϬϬŐĂůůŽŶƐŽĨĨƌĞƐŚŵŝůŬ͟;/^ϭ-ϭϯͿĂŶĚ^ĞĐƚŝŽŶϰ͘ϮϬ͘ϮƉĂŐĞϰ-85 DEIS “When the dairy matures
to full capacity with a committed herd size of 699 milking cows, it will produce approximately 1.5 million
gallons of fresh, local ŵŝůŬĞĂĐŚǇĞĂƌĨŽƌƚŚĞƌĞƐŝĚĞŶƚƐŽĨ,ĂǁĂŝ॒ŝ͘͟

Beyond the nutrient excretions that can be calculated using the ASABE Standard, it is possible to
ƉƌĞĐŝƐĞůǇƋƵĂŶƚŝĨǇŵĂŶƵƌĞƉƌŽĚƵĐƚŝŽŶ͘,&ŚĂƐĨĂŝůĞĚŶŽƚŽŶůǇƚŽƉƌŽǀŝĚĞƚŚŝƐƋƵĂŶƚŝĨŝĐĂƚŝŽŶ͕ŝƚŚĂƐĂůƐŽ
ĨĂŝůĞĚƚŽƉƌŽǀŝĚĞƚŚĞĨŽůůŽǁŝŶŐŝŶĨŽƌŵĂƚŝŽŶŶĞĐĞƐƐĂƌǇƚŽƋƵĂŶƚŝĨǇŵĂŶƵƌĞƉƌŽĚƵĐƚŝŽŶ͗How much milk is
produced? What is the average milk production of cattle? dŚŝƐŝŶĨŽƌŵĂƚŝŽŶŝƐŶĞĐĞƐƐĂƌǇďĞĐĂƵƐĞƚŚĞ
amount of milk production drives feed intake and feed consumption is the precursor to manure
production.

C.

dŚĞĐŽŶƐĞƋƵĞŶĐe of underestimating the number of calves is that one cannot determine total nutrients
excreted from these animals and include these nutrients in analyses of facility balances and potential
ƚŚƌĞĂƚƐƚŽǁĂƚĞƌƋƵĂůŝƚǇŝŵƉĂŝƌŵĞŶƚ.

Given that more than 832 animals will need to calve each year to maintain a daily milking herd of 699
ĐŽǁƐ;ƐŽŵĞĐŽǁƐǁŝůůĚŝĞĂƚĐĂůǀŝŶŐŽƌĚƵƌŝŶŐƚŚĞŝƌůĂĐƚĂƚŝŽŶ or be sent to marketͿ͕ĂŶĚƚŚĂƚĐŽǁƐǁŝůů
need to calve year round to maintain milk production, the number of animals 90 days of age or younger
ŝƐϵϬͬϯϲϱǆϴϯϮсϮϬϱĐĂůǀĞƐ͘,Žǁever, ƚŚĞŵŽĚŝĨŝĐĂƚŝŽŶƚŽƚŚĞtDW;ĚĂƚĞĚDĂǇϮϱ͕ϮϬϭϲͿŝŶĚŝĐĂƚĞs
only 150 calves will be on site if under 90 days of age or 150 lbs. If animals will only be maintained until
ƚŚĞǇĂƌĞϭϱϬůďƐ͕ƚŚĞŶŵŽǀŝŶŐƚŚĞŵŽĨĨƐŝƚĞĂƚƚŚĂƚďŽĚǇǁĞŝŐŚƚǁŝůůƌĞƋƵŝƌĞƚŚĞŐƌŽǁĞƌŽĨƚŚĞĐĂůǀĞƐƚŽ
ƐƵƉƉůĞŵĞŶƚǁŝƚŚŐƌĂŝŶĨĞĞĚ;ŶŽƚũƵƐƚŐƌĂǌŝŶŐͿ͘

B.

dŚĞƐĞŶƵŵďĞƌƐĂƌĞŶĞĐĞƐƐĂƌǇƚŽaccount for each animal through its growth and productive cycle as well
as to identify the impact of mortality on resource management.

x

x
x

x
x
x

HDF calculates manure production incorrectly

dĂďůĞ3͘ŽŵƉĂƌŝƐŽŶŽĨĞƐƚŝŵĂƚĞƐŽĨŵĂŶƵƌĞĂŶĚŶƵƚƌŝĞŶƚĞǆĐƌĞƚŝŽŶƐďǇƵƐŝŶŐƚŚĞ^ĞƋƵĂƚŝŽŶƐ
and to information presented in the HDF DEIS.
ASABE equations for milking cows assuming 22.9 Table 18A or 19A page 57 Nutrient Balance
kg milk production per day (value for 15.5 kg
Analysis
/hd/d )
Manure production
dĂďůĞϭϵƉĂŐĞϱϳEƵƚƌŝĞŶƚĂůĂŶĐĞŶĂůǇƐŝƐ
<ŐͬŚĚͬĚс;ŵŝůŬǆ͘ϲϰϳͿн43.212
ϵϬ͘ϴůďƐͬŚĚͬĚĂǇ
ϭϮϴůďƐͬŚĚͬĚĂǇ;ϭϭϳůďƐͬŚĚͬĚĂǇͿ
1
Nitrogen (N) excretion
Table 18A page 57 Nutrient Balance Analysis
ŐͬŚĚͬĚĂǇс;DŝůŬǆϰ͘ϮϬϰͿнϮϴϯ͘ϯ
Ϭ͘ϴϯůďEͬŚĚͬĚĂǇ ;͘ϳϳ ůďƐEͬŚĚͬĚĂǇ) 0.546 lbs-EͬĐŽǁͬĚĂǇ
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dŚe value provided for manure production in the DEIS ;ƉƉĞŶĚŝǆ CͿis below manure excretion estimates
ĨƌŽŵƚŚĞĂŶŝŵĂůƐŝŶƚŚĞĚĂƚĂƐĞƚƵƐĞĚƚŽĚĞǀĞůŽƉƚŚĞ^ĞƋƵĂƚŝŽŶƐ͘dŚĞ/^ĨĂŝůƐƚŽŝĚĞŶƚŝĨǇ
assumptions used to calculate such low manure production numbers. dŚĞ/^ĂůƐŽĨĂŝůƐƚŽƉƌŽǀŝĚĞŝƚƐ
calculations. dĂďůĞϯƉƌŽǀŝĚĞƐĂĐŽŵƉĂƌŝƐŽŶŽĨĞƐƚŝŵĂƚĞƐŽĨŵĂŶƵƌĞĂŶĚŶƵƚƌŝĞŶƚĞǆĐƌĞƚŝŽŶĨƌŽŵŵŝlking
ĐŽǁƐĂƐĐĂůĐƵůĂƚĞĚĨƌŽŵ^ĞƋƵĂƚŝŽŶƐĨŽƌƚŚĞůŽǁĂŶĚŚŝŐŚƌĂŶŐĞŽĨĞƐƚŝŵĂƚĞĚŵŝůŬƉƌŽĚƵĐƚŝŽŶ
assuming the 823 cows lactating during the year and the 1,000,000 or 1,500,000 gallons of milk
production. Given the elevated concentrations of potassium in kikuyu, it is assumed the excretion
ĞƐƚŝŵĂƚĞĨŽƌƉŽƚĂƐƐŝƵŵƵƐŝŶŐƚŚĞ^ĞƋƵĂƚŝŽŶƐŝƐĂŶƵŶĚĞƌĞƐƚŝŵĂƚĞ͘dŚŝƐŵĂǇŚŽůĚƚƌƵĞĨŽƌŶŝƚƌŽŐĞŶ
;EͿand phosphorus ;WͿ ĂƐǁĞůůĚĞƉĞŶĚŝŶŐŽŶƚŚĞĚĂŝůǇƋƵĂŶƚŝƚǇĂŶĚtheir concentrations in
supplemental feeds.

,&ŚĂƐƵŶĚĞƌĞƐƚŝŵĂƚĞĚŵĂŶƵƌĞƉƌŽĚƵĐƚŝŽŶ͘;/^ƉƉĞŶĚŝǆCͿ͘Weight of daily manure production is
the weight of thĞĨĞĐĞƐƉůƵƐƚŚĞǁĞŝŐŚƚŽĨƚŚĞƵƌŝŶĞ͘^^ƚĂŶĚĂƌĚϯϴϰ͘ϮŚĂƐĞƋƵĂƚŝŽŶƐƚŽĞƐƚŝŵĂƚĞ
manure production and nutrients excreted͘dŚĞ/^ĞƌƌŽŶĞŽƵƐůǇĚŝƐĐŽƵŶƚƐŵĂŶƵƌĞƉƌŽĚƵĐƚŝŽŶĨƌŽŵ
ĐŽǁƐĚƵƌŝŶŐŚŽƵƌƐŽĨƌĞƐƚŝŶŐ͘dŚĞhƉĚĂƚĞĚtĂƐƚĞDĂŶĂŐĞŵĞŶƚWůĂŶ;May 25, 2016Ϳ indicated average
ĐŽǁǁĞŝŐŚƚŽĨϭ͕ϮϬϬůďƐĂŶĚŵĂŶƵƌĞƉƌŽĚƵĐƚŝŽŶŽĨϵϬ͘ϴůďƐƉĞƌĚĂǇ͘dŚŝƐǀĂůƵĞŝƐůŽĐĂƚĞĚŝŶdĂďůĞϭ9A of
DEIS Appendix C͘dŚĞďĂƐĞĂƐƐƵŵƉƚŝŽŶƵƐĞĚŝŶƚŚŝƐĐĂůĐƵůĂƚŝŽŶŝƐ0.68 gallons of manure produced per
ŚŽƵƌĂŶĚŽŶůǇϭϲŚŽƵƌƐƉĞƌĚĂǇǁŚĞŶŵĂŶƵƌĞŝƐƉƌŽĚƵĐĞĚ;ϮĚƵƌŝŶŐŵŝůŬŝŶŐĂŶĚϭϰŽŶƉĂƐƚƵƌĞǁŚĞŶŶŽƚ
ƌĞƐƚŝŶŐͿ͘ When 2.2 pounds ;ϭŬŐͿŽĨŵŝůŬĂƌĞŝŶƐĞƌƚĞĚŝŶƚŽƚŚĞ^ĞƋƵĂƚŝŽŶ, the daily estimate of
manure production iƐϵϲůďƐͬŚĚ͘ dŚŝƐǀĂůƵĞŝƐŐƌĞĂƚĞƌƚŚĂŶƚŚĞ/^ƋƵĂŶƚŝƚǇ͘ƐƐƵŵŝŶŐĂϮϰŚƌƉĞƌŝŽĚ
and using the .68 gal of manure per hour, the estimate of manure excretion would be 16.32 gallons
;ĂƐƐƵŵŝŶŐϴůďƐͬŐĂůůŽŶƚŚĞŶ ϭϯϬ͘ϱůďƐͬŚĚͬĚͿ͘ dŚĞĚĂƚĂƵƐĞĚƚŽĚĞǀĞůŽƉƚŚĞ^ĞƋƵĂƚŝŽŶƐǁĞƌĞ
collected from animals where feces and urine were collected over multiple 24 hr periods. dŚŝƐŝƐ
important because ĞƋƵĂƚŝŽŶƐĞƐƚŝŵĂƚĞĞǆĐƌĞƚŝŽŶĂŵŽƵŶƚƐƉĞƌĚĂǇ;ϮϰŚƌƉĞƌŝŽĚͿŶŽƚƉĞƌŶŽŶ-resting hr.

D.

Since HDF has failed to provide the milk production information necessary to compute manure
production, dĂďůĞϭĂƐƐƵŵĞƐĂŶĂǀĞƌĂŐĞŽĨϰϮƉŽƵŶĚƐŽĨŵŝůŬƉĞƌůĂĐƚĂƚŝŶŐĐŽǁƉĞƌĚĂǇ͕which is a bit
higher than the midpoint between 28 and 50.8 pounds of milk per head per day.

If milk production is 1,500,000 gallons per year and the total number of cows producing that milk is 832,
ƚŚĞŶƚŚĞĂǀĞƌĂŐĞƉƌŽĚƵĐƚŝŽŶŝƐϭ͕ϴϬϮŐĂůůŽŶƐ;ϭϱ͕ϱϬϰůďƐͬĐŽǁͬϯϬϱĚĂǇůĂĐƚĂƚŝŽŶͿŽƌϱϬ͘ϴůďƐŽĨŵŝůŬĂĚĂǇ
;ĂƐƐƵŵŝŶŐϭŐĂůůŽŶŽĨŵŝůŬŝƐϴ͘ϲůďƐͿ͘

No data provided.

.11 lbs-WͬĐŽǁͬĚĂǇ

Table 18A page 57 Nutrient Balance Analysis

HDF underestimates nutrient output from the proposed dairy project.

HDF has not provided sufficient information to assess nutrient mass balance at
paddock scale.
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dŚĞ/^ƉƉĞŶĚŝǆ page 40 identifies that each mob will rotate through a group of 18 paddocks on a
one paddock per day rotation with 105 to 115 animals per paddock. If 6 mobs are utilized, then 108
paddocks will be used for forage consumption by the lactating cows. Which of the 119 paddocks will be
used for lactating cows? What yields are expected from the non-irrigated paddocks? How will manure
management and nutrient incorporation occur on the non-irrigated paddocks? Paddocks 209-211 are

One great challenge of pasture systems is the non-uniform application of manure. Feces and urine are
ĚĞƉŽƐŝƚĞĚĂƐĞǆĐƌĞƚĞĚ͘dŚĞƐĞůŽĐĂƚŝŽŶƐŚĂǀĞŚŝŐŚĞƌĂŵŽƵŶƚƐŽĨŶƵƚƌŝĞŶƚƐƚŚĂŶĂƌĞĂƐǁŚĞƌĞŶŽĨĞĐĞƐŽƌ
ƵƌŝŶĞĂƌĞĚĞƉŽƐŝƚĞĚ͘EŽŶ-uniform nutrient applications combined with periods of excess water
ĂƉƉůŝĐĂƚŝŽŶƐ;ƌĂŝŶĞǀĞŶƚƐͿĐĂŶĞǆĂĐĞƌďĂƚĞŶƵƚƌŝĞŶƚůĞĂĐŚŝŶŐďĞŶĞĂƚŚƉůĂŶƚƌŽŽƚǌŽŶĞƚŽƵŶĚĞƌůǇŝŶŐ
groundwater.

Land management---

HDF has failed to provide sufficient information to assess nutrient mass balance at the paddock scale. In
order to calculate the mass balance of nutrients applied to and removed from paddocks, the following
information is necessary: EƵŵďĞƌŽĨŝƌƌŝŐĂƚĞĚĂĐƌĞƐďǇŝƌƌŝŐĂƚŝŽŶƚǇƉĞ͕ŶƵƚƌŝĞŶƚĂƉƉůŝĐĂƚŝŽŶƐ;ƌĂƚĞ͕
ƚŝŵŝŶŐ͕ĂŶĚŶƵƚƌŝĞŶƚĐŽŵƉŽƐŝƚŝŽŶͿĨŽƌĂůůƐŽƵƌĐĞƐĂƉƉůŝĞĚƚŽŽƌĚĞƉŽƐŝƚĞĚŽŶ;ŵĂŶƵƌĞ͕ĨĞƌƚŝůŝǌĞƌ͕ǁĂƚĞƌͿ͕
must be known to estimate nutrients applied. Additionally, productivity of each paddock type and
nutrient composition of forage harvested by cattle must be known to estimate nutrients consumed.

F.

HDF has underestimated nutrient output from the proposed dairy project by ignoring excretions from
replacement animals, dry cows and heifers. ƐŝŶĚŝĐĂƚĞĚŝŶdĂďůĞϭ͕ƚŚĞŶƵƚƌŝĞŶƚƐĞǆĐƌĞƚĞĚĨƌŽŵĚƌǇ
cows and heifers associated with this project are a significant contribution to the overall nutrient load
ĨƌŽŵƚŚŝƐƉƌŽũĞĐƚ͘dŚĞƌĞƉůĂĐĞŵĞŶƚĂŶŝŵĂůƐĂŶĚĚƌǇĐŽǁƐǁŽƵůĚŶŽƚĞǆŝƐƚŽŶŽƚŚĞƌĨĂƌŵƐĂďƐĞŶƚƚŚĞ
dairy. Why were these excretions ignored? Comparison of estimates of EĂŶĚWĞǆĐƌĞƚĞĚĨƌŽŵůĂĐƚĂƚŝŶŐ
cows ;dĂďůĞϯͿĨƌŽŵĞƐƚŝŵĂƚĞĚǀĂůƵĞƐĨƌŽŵ^ƚĂďůĞƐŽƌĨƌŽŵƚŚĞ/^ŝŶĚŝĐĂƚĞƐƚŚĞ/^
ƵŶĚĞƌĞƐƚŝŵĂƚĞĚEĂŶĚWĞǆĐƌĞƚŝŽŶƐĨŽƌƚŚĞƐĞĂŶŝŵĂůƐ͘dhe nutrient composition identified for kikuyu
ŐƌĂƐƐƐƵŐŐĞƐƚƐƚŚĂƚƚŚĞ^ǀĂůƵĞƐǁŽƵůĚůŝŬĞůǇƵŶĚĞƌĞƐƚŝŵĂƚĞE͕Wand K excretion further.

Mass balance of nutrients available for use:

E.

ĂƐĞĚŽŶƚŚĞEĂŶĚ<ĐŽŶĐĞŶƚƌĂƚŝŽŶƐŽĨŬŝŬƵǇƵŐƌĂƐƐ;DEIS Appendix C <ŝŬƵǇƵŝƐϯ͘ϮйE͕͘ϱϳйW͕ĂŶĚ
4.5%KͿ, these will likely be excreted in higher amounts as they will likely be consumed in higher
amounts.

1

Potassium (K) excretion 1
ŐͬŚĚͬĚĂǇс;ŵŝůŬǆϭ͘ϴͿнϯϭ͘ϭϱϰ
0.16 lbs KͬŚĚͬĚĂǇ;͘ϭϯ ůďƐ<ͬŚĚͬĚĂǇ)

Phosphorus (P) excretion 1
ŐͬŚĚͬĚĂǇс;ŵŝůŬǆ͘ϳϳϯͿнϰϲ͘Ϭϭϱ
0.14 lbs PͬŚĚͬĚĂǇ;͘ϭϮϱ ůďƐWͬŚĚͬĚĂǇͿ

Animal Cemetery
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Detailed representation of animal mortality and estimates of nutrient load in the designated animal
cemetery are needed to define the amount of nutrients that will likely contaminate groundwater as
these mortality are being inserted into the ground and no growing crop is consuming the nutrients.
What is the anticipated animal mortality at the location? Why is no information provided on the animal
cemetery’s ƉŽƚĞŶƚŝĂůĐŽŶƚƌŝďƵƚŝŽŶƐƚŽǁĂƚĞƌƋƵĂůŝƚǇĚĞŐƌĂĚĂƚŝŽŶŐŝǀĞŶƚŚĞŚŝŐŚƉƌĞĐŝƉŝƚĂƚŝŽŶĂŵŽƵŶƚƐ͍

G.

If the 108 paddocks are sufficient to support milk production for 105 to 115 cows per mob, then how
will the same forage production support milk production for 300 to 330 cows per mob? How much
additional feed will need to be imported from off Island? If there is sufficient forage for 300 to 330 cows
ƉĞƌƉĂĚĚŽĐŬ͕ŚŽǁǁŝůůƚŚĞƵŶĐŽŶƐƵŵĞĚĨŽƌĂŐĞďĞŵĂŶĂŐĞĚƚŽŵĂŝŶƚĂŝŶĨŽƌĂŐĞƋƵĂůŝƚǇĂŶĚƉƌŽĚƵĐƚŝǀŝƚǇ
when only 105 to 115 cows per mob are used? EŽinformation is provided to identify how unconsumed
forage will be handled. Will it be mowed? If so, how will these nutrients be incorporated into the
nutrient management plan? If not, how will grass productivity be maintained over time? How will
pasture productivity be maintained to minimize offsite discharge of manure nutrients during rain
events? Which paddocks will be used by calves and what is the nutrient cycle estimate from manure and
other nutrient sources on these paddocks? dŚŝƐŝŶĨŽƌŵĂƚŝŽŶis necessary to enable assessment of
ŶƵƚƌŝĞŶƚĐǇĐůŝŶŐŽŶƉĂĚĚŽĐŬƐĂŶĚƉŽƚĞŶƚŝĂůƋƵĂŶƚŝƚǇŽĨŶƵƚƌŝĞŶƚƐůĞĂĐŚĞĚƚŽŐƌŽƵŶĚǁĂƚĞƌŽƌĐŽŶƚĂŝŶĞĚŝŶ
storm water runoff.

tŚĂƚŝƐƚŚĞĚŝĨĨĞƌĞŶĐĞŝŶǇŝĞůĚĂŶĚŶƵƚƌŝĞŶƚͬŶƵƚƌŝƚŝŽŶĂůǀĂůƵĞŽĨƚŚĞĨŽƌĂŐĞŐƌŽǁŶŝŶĂŶϭϴĚĂǇƉĞƌŝŽĚ
ƚŚƌŽƵŐŚŽƵƚƚŚĞǇĞĂƌ͍EƵƚƌŝĞŶƚĂŶĚĐŚĞŵŝĐĂůĐŽŵƉŽƐŝƚŝŽŶŽĨƚhe forage will vary during different parts of
the growing season ;'ĂƌĐŝĂĞƚĂů͕͘ϮϬϭϰͿ. What are these variations? How will they impact forage
intake, the need for supplemental nutrients ĂŶĚŵĂŶƵƌĞƉƌŽĚƵĐƚŝŽŶͬŶƵƚƌŝĞŶƚĐǇĐůŝŶŐ? It is important to
know this forage information because overly mature forages will not be consumed as readily by cattle.
dŚĞǇŵĂǇďĞƚƌĂŵƉůĞĚŽƌŵŽǁĞĚǁŝƚŚĂƐƐŽĐŝĂƚĞĚŶƵƚƌŝĞŶƚƐĐǇĐůŝŶŐďĂĐŬŝŶƚŽƐŽŝůŽƌůĞĂǀŝŶŐƚŚƌŽƵŐŚ
runoff. Additionally, plots analyzed through mechanical harveƐƚ;ĐůŝƉƉŝŶŐŽƌŵŽǁŝŶŐͿƚƌĂĚŝƚŝŽŶĂůůǇŚĂǀĞ
higher yields that those harvested by animals. Also, changes in forage composition during the growing
ƐĞĂƐŽŶǁŝůůůŝŬĞůǇĂůƚĞƌƚŚĞĂďŝůŝƚǇŽĨĂŶŝŵĂůƐƚŽĐŽŶƐƵŵĞƚŚĞĨŽƌĂŐĞƚŚĞƌĞďǇƌĞƋƵŝƌŝŶŐĂĚĚŝƚŝŽŶĂů
supplementation and the need to manage residual material not consumed.

A recent review of kikuyu-ďĂƐĞĚĚĂŝƌǇƐǇƐƚĞŵƐ;'ĂƌĐŝĂĞƚĂů͕͘ϮϬϭϰͿĐůĞĂƌůǇŝŶĚŝĐĂƚĞĚƚŚĂƚƉĂƐƚƵƌĞŐƌŽǁƚŚ
rate changes during the course of a year. Kikuyu growth rate should drive grazing management and not
ƚŚĞĐŽǁƐ͛ƌĞƋƵŝƌĞŵĞŶƚŽƌƚŚĞĨĂƌŵĞƌƐ͛ƉƌĞĨĞƌĞŶĐĞ͘tŚĞŶƉĂƐƚƵƌĞŝƐŶŽƚŵĂŶĂŐĞĚǁĞůůƚŚĞŶŵŽƌĞŐƌĂŝŶ
ǁŝůůďĞďƌŽƵŐŚƚŝŶ;ŝŶĐƌĞĂƐĞŶƵƚƌŝĞŶƚƐŝŵƉŽƌƚĞĚƚŽƚŚĞ/ƐůĂŶĚ͕ĚĞĐƌĞĂƐĞƌĞƐŝůŝĞŶĐǇŽĨƉĂƐƚƵƌe after storm
ĞǀĞŶƚƐ͕ĞƚĐ͘ͿƉŽƚĞŶƚŝĂůůǇĐŽŶƚƌŝďƵƚŝŶŐƚŽĂĚǀĞƌƐĞŝŵƉĂĐƚƐtŽǁĂƚĞƌƋƵĂůŝƚǇ͘

not irrigated; Parts of 231, 214, 133, 134, 238, 237, 149, 118, 122, 161, 160 and most or all of 135, 136,
137, 138, 239, 145, 146, 147, 148, 162, 120, 121, 119 are not irrigated. What yield differences are
anticipated between pivot, gun and non-irrigated paddocks? How will nutrient applications be modified
to account for more manure application if ƐŽŵĞƉĂĚĚŽĐŬƐĂƌĞƵƐĞĚŵŽƌĞĨƌĞƋƵĞŶƚůǇƚŚan others? dŚŝƐ
information is necessary to ĂĚĞƋƵĂƚĞůǇĞǀĂůƵĂƚĞŵĂƐƐďĂůĂŶĐĞŽĨŶƵƚƌŝĞŶƚƐ;ĂƉƉůŝĞĚĂŶĚƌĞŵŽǀĞĚͿĨƌŽŵ
each paddocŬŝŶŽƌĚĞƌƚŽƋƵĂŶƚŝĨǇƚŚĞŵĂƐƐŽĨŶƵƚƌŝĞŶƚƐĂǀĂŝůĂďůĞĨŽƌƉŽƚĞŶƚŝĂůŝŶĨŝůƚƌĂƚŝŽŶŽƌƌƵŶŽĨĨ
during rain events.

HDF has failed to describe or quantify offsite impacts.

HDF failed to establish management measures for stream buffers.
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HDF’s DEIS inconsistently defines stream setback distances. Is the intended setback distance for
vegetated buffers 35’ or 50’͍dŚĞEIS 3-29 identifies 50’ from top of bank of the water resource on
ďŽƚŚƐŝĚĞƐ;ŝƌƌŝŐĂƚŝŽŶĚŝƚĐŚ͕ĂŐƌŝĐƵůƚƵƌĂůǁĂƚĞƌ͕ŶĂƚƵƌĂůǁĂƚĞƌƌĞƐŽƵƌĐĞͿ͘Other locations within the
document identify 35’ setback of paddock fencing from top bank of the water resources on both sides
;e.g. DEIS Appendix 3 paŐĞϮϭͿ. How will these vegetated buffers be managed? Will they be irrigated?

I.

Detailed information is needed to estimate additional animals on Island associated with the proposed
dairy. One needs to know the annual calving rate, mortality rate of cows, and mortality rate of young
ƐƚŽĐŬƚŽĚĞƚĞƌŵŝŶĞŶƵŵďĞƌŽĨƌĞƉůĂĐĞŵĞŶƚŚĞŝĨĞƌƐĂŶĚďƵůůƐͬƐƚĞĞƌƐƌĞůŽcated throughout the Island.
ůƚŚŽƵŐŚĐĂƐƚƌĂƚĞĚŵĂůĞƐ;ƐƚĞĞƌƐͿĐĂŶďĞŐƌŽǁŶĨŽƌďĞĞĨ͕ƚŚĞǇǁŝůůŶŽƚǇŝĞůĚĂƐŝŵŝůĂƌƐŝǌĞĚĐĂƌĐĂƐƐĂƐ
other beef animals on the Island as the animals have been genetically selected to produce milk and not
ŵƵƐĐůĞ;ďĞĞĨͿ͘/Ĩ832 cows calve a year and all survive, and the distribution is one-half male, one-half
female, then 416 or 416 ĂŶŝŵĂůƐǁŝůůďĞŵĂůĞĂŶĚĨĞŵĂůĞ͘&ĞŵĂůĞƐ;ŚĞŝĨĞƌƐͿǁŝůůďĞƌĞĂƌĞĚƵŶƚŝůƚŚĞǇĂƌĞ
bred, and return as animals ready to calve. What age are heifers due to calve? Assuming 24 months,
ƚŚĞŶĨŽƌĞǀĞƌǇĐŽǁŵŝůŬŝŶŐŽƌĚƌǇ͕ƚŚĞƌĞĂƌĞĂŶĞƋƵĂůŶƵŵďĞƌŽĨŚĞŝĨĞƌƐŐƌŽǁŝŶŐƵƉ;832Ϳ͘ůƚŚŽƵŐŚƚŚĞ
DEIS ;ϯ-ϭϴͿindicates “cows tend to be healthier and live longer productive lives with access to fresh air,
ŚŝŐŚƋuality feed, and exercise while they forage” the reality is that if female offspring are incorporated
ŝŶƚŽƚŚĞŚĞƌĚ͕ƚŚĞŶĐŽǁƐŶĞĞĚƚŽďĞĐƵůůĞĚ;ĞŝƚŚĞƌǀŽůƵŶƚĂƌǇŽƌŝŶǀŽůƵŶƚĂƌǇͿƚŽŵĂŝŶƚĂŝŶĂŐŝǀĞŶŚĞƌĚ
size. If lactating cows live longer, then heifers will enter the beef supply chain to maintain a cap on
lactating cow numbers. Heifers are slower than steers at becoming market ready. What age is the
anticipated finishing time for the steers? If it’s 18 months, then some 624 steers are present. If it takes
24 months to finish cattle then 8323 steers are present after the second year of the dairy operating.
Will supplemental grain be needed to finish market animals? What is the additional nutrient load to the
Island associated with supplemental feed brought in to finish market animals? How much manure will
be produced by these animals? How much nutrient excretion will be contributed to each watershed by
ƚŚĞƐĞĂŶŝŵĂůƐ;ŶŝƚƌŽŐĞŶ͕ƉŚŽƐƉŚŽƌƵƐ͕ƉŽƚĂƐƐŝƵŵ, saltsͿ? How and what will calves under 6 months of
age be fed when housed away from the dairy? What is the manure production from these animals?
What additional nutrients will be imported to the Island to provide feed before these animals are able to
ĐŽŶƐƵŵĞĂůůƚŚĞŝƌŶƵƚƌŝĞŶƚƐĨƌŽŵƉĂƐƚƵƌĞ;ƚǇƉŝĐĂůůǇŶĞar 6 months of ageͿ͘

Manure and nutrients excreted from dry cows, replacement animals and bulls and steers associated
with the dairy are ignored. tŚĂƚŝƐƚŚĞĐƵŵƵůĂƚŝǀĞŵĂŶƵƌĞͬŶƵƚƌŝĞŶƚĞǆĐƌĞƚŝŽŶŽŶIsland of the dairy?
tŚĂƚŝƐƚŚĞŵĂŶƵƌĞͬŶƵƚƌŝĞŶƚĞǆĐretion of dry cows, and most replacement heifers, as well as bull calves
or steers reared elsewhere on the Island? For 699 milking cows, approximately 133 dry cows are housed
offsite on any given day. What is their nutrient excretion?

H.

How will mortality be handled during rain events that prohibit insertion into the cemetery to minimize
impact to surface water? What mitigation measures will be in place to protect nutrients from leaching
from the cemetery into underlying water? How many animals will be buried? Will individual or
common plots be used? EŽƚĞ͗ƚŚĞƌĞĐĞŶƚůǇĂĚŽƉƚĞĚƌĞŐƵůĂƚŽƌǇƉƌŽĐĞƐƐďǇƚŚĞ^ĂŶ&ƌĂŶĐŝƐĐŽĂǇŽĂƌĚ
;ϮϬϭϲͿƉƌŽŚŝďŝƚƐƚŚĞĚŝƐƉŽƐĂůŽĨĚĞĂĚĂŶŝŵĂůƐĂƚĂĨĂĐŝůŝƚǇ͘/ŶDŝĐŚŝŐĂŶ, where burial is an acceptable
practice, restrictions exist specific to burial: time from death to internment unless refrigerated; depth of
soil overlay; maximum number of individual graves per acre and a restriction of maximum tons per acre;
separation width between plots; detailed restrictions if common burial plot is used.

HDF has inconsistencies in representing and underestimates vehicle trips that will
enter or leave the dairy daily.

Other

K.

HDF has failed to quantify solid waste impacts

Additional service professionals who will logically visit the facility at prescribed intervals include:
ǀĞƚĞƌŝŶĂƌǇƐĞƌǀŝĐĞƐ͕ĞƋƵŝƉŵĞŶƚĚĞĂůĞƌƐĞƌǀŝĐĞƐ;ŵŝůŬŝŶŐĞƋƵŝƉŵĞŶƚŝŶƚŚĞƉĂƌůŽƌĂŶĚƚŚĞĞƋƵŝƉŵĞŶƚ
ĂƌĞĂͿ, inspectors and ŽƚŚĞƌƐĞƌǀŝĐĞƐŶĞĞĚĞĚƚŽŽƉĞƌĂƚĞĂĚĂŝƌǇ;ƌĞĨƵƐĞƌĞŵŽǀĂů͕ĚĞůŝǀĞƌǇŽĨƐƵƉƉůŝĞƐ͕
ůĂƵŶĚƌǇ͕ĞƚĐ͘Ϳ͘ HDF has failed to account for this transportation.
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dƌĂŶƐƉŽƌƚĂƚŝŽŶŽĨĐĂƚƚůĞŽĨĨƐŝƚĞwill likely involve ϭƚƌĂŝůĞƌ;ĐŽŵŝŶŐƚŽĂŶĚůĞĂǀŝŶŐƚŚĞĨĂƌŵĞĂĐŚĚĂǇͿĨŽƌ
dry cows or dried cows near calving, resulting in 2 vehicle trips per day. In actuality, depending on
management, dry cows may be removed daily from the dairy and animals ready to calve may return
daily or less ĨƌĞƋƵĞŶƚůǇ͘ƐƚŝŵĂƚĞĚĂŶŝŵĂůƌĞŵŽǀĂůĂŶĚƌĞƚƵƌŶƉƌŽĐĞƐƐĞƐĂƌĞŝŵƉŽƌƚĂŶƚƚŽĚĞƚĞƌŵŝŶĞ
vehicle emissions. HDF will likely use 1 trailer or pickup with racks ĂƚůĞƐƐĨƌĞƋƵĞŶƚŝŶƚĞƌǀĂůƐƌĞƚƌŝĞǀŝŶŐ
ĐĂůǀĞƐ;ƉĞƌŚĂƉƐĞǀĞƌǇŽƚŚĞƌĚĂǇͿĂŶĚa truck with trailer returning heifers ready to calve.

If five employees have offsite vehicle trips, they must first come to the site. Five people arriving at work
and departing to home ĞƋƵĂůƐ10 vehicle trips. High labor needs will be associated with moving cattle to
ĂŶĚĨƌŽŵƚŚĞŵŝůŬŝŶŐƉĂƌůŽƌĂŶĚŵŝůŬŝŶŐĂŶŝŵĂůƐ͘dŚĞ/^ŝŶĚŝĐĂƚĞƐƚŚĞŵŝůŬŝŶŐƉĂƌůŽƌǁŝůůŚŽůĚϲϬĐŽǁƐ
ĂŶĚƚĂŬĞϴƚŽϭϬŵŝŶƵƚĞƐƉĞƌƌŽƚĂƚŝŽŶ͕ƐŽƚŚĞϲϵϵĐŽǁƐǁŽƵůĚƌĞƋƵŝƌĞϭϮƌŽƚĂƚŝŽŶƐ;ƵƉƚŽϮŚŽƵƌƐͿ͘ĚĚ
time to set up and clean up at the end of a shift, and shift time is between 2.5 and 3 hrs, twice daily.
Why is there no detailed list of employee categories and estimated work hours to determine if the
individuals who move or milk cattle have complete shifts or split shifts where they leave the farm and
ƌĞƚƵƌŶ;ŝŶĐƌĞĂƐŝŶŐǀĞŚŝĐůĞƚƌŝƉƐͿ͍

HDF’s DEIS states at page 4-ϴϱ͞KĨĨƐŝƚĞdƌĂŶƐƉŽƌƚĂƚŝŽŶ͘ŵƉůŽǇĞĞƐǁŽƌŬŝŶŐĂƚ,&ǁŝůůĐƌĞĂƚĞĨŝǀĞŽĨĨƐŝƚĞ
ǀĞŚŝĐůĞƚƌŝƉƐĞĂĐŚĚĂǇ͘dƌĂŶƐƉŽƌƚŽĨĐŽǁƐĨŽƌŚĞƌĚŵĂŶĂŐĞŵĞŶƚǁŝůůŝŶǀŽůǀĞŽŶĞŽƌƚǁŽƚƌƵĐŬƚƌŝƉƐƉĞƌ
day between HDF and the offsite ranches. Fluid milk will be trucked offsite once every two days. Sand
and feed delivery would generate three truck trips per week. Fertilizer would be delivered once every
other month. Milk transport from Kaua॔i would be once or twice each week via regularly scheduled
ŽĐĞĂŶďĂƌŐĞƐĚĞƉĂƌƚŝŶŐĨƌŽŵEĂǁŝůŝǁŝůŝ,ĂƌďŽƌ͘KĨĨƐŝƚĞƚƌĂŶƐƉŽƌƚĂƚŝŽŶĂƐƐŽĐŝĂƚĞĚǁŝƚŚ,&ŽƉĞƌĂƚŝŽŶƐŝƐ
not anticipated to generate significant secondary effects.”

Why are there inconsistencies in vehicle trips? Why is there no detailed list of vehicle trips to provide
sufficient information for the public to review? DEIS 4.18.1 indicates the projected increase in vehicle
movements related to HDF operations includes daily employees accessing the site, milk tanker and
supply trucks every two days, and truck with stock trailer, for a total of 12 additional vehicle trips per
day. dŚĞ/^ŝŶĚŝĐĂƚĞƐƚhese additional trips would have a minimal effect on traffic conditions at County
roadways in the surrounding area. However, weight loads and driving speeds of vehicles with livestock
need to differ from the standard rental car to accommodate road safety. Why was time of day of
livestock movement and local traffic patterns and potential nuisance to adjacent land operations not
evaluated?

J.

Will they be mowed? If vegetative buffers are mowed, will the plant matter be left to decompose and
potentially infiltrate to groundwater or runoff to surface water or will it be removed?

HDF Failed to Consider Reasonable Alternatives
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V.

dŚĞůŝƐƚŽĨĂůƚĞƌŶĂƚŝǀĞƐĨŽƌƚŚĞƉƌŽũĞĐƚĨŽĐƵƐĞĚƐŽůĞůǇŽŶalternative activities for the specific location.
Why were no alternative locations for the project identified on Island? Why didn’t HDF consider
installation of more dairies with fewer animals per location? dŚĞĂŵŽƵŶƚŽĨƌƵŶ-on water that will need
to be managed to flow around animal paddocks is sizeable at the proposed location. Locations in the
western side of Kaua॔i topographically lend themselves to dairy grazing operation due to the flatter
topography.

L.

Milk and managing dairy cattle is intensive. Solid wastes will be generated and end up in landfills,
recycled, or composted. What are the impacts of solid waste to landfill capacity? How many
ĨĞĞĚͬƐƵƉƉůĞŵĞŶƚďĂŐƐ͕ĐŚĞŵŝĐĂůĐŽŶƚĂŝŶĞƌƐ;ŚĞƌďŝĐŝĚĞƐ͕ƉĞƐƚŝĐŝĚĞƐ͕ƐĂŶŝƚŝǌĞƌƐĨŽƌŵŝůŬĞƋƵŝƉŵĞŶƚ͕ƚĞĂƚ
ĚŝƉͿ͕ƉĂƉĞƌƚŽǁĞůƐ;ŽƌĐůŽƚŚĞƐƚŚĂƚĂƌĞǁĂƐŚĞĚͿǁŝůůďĞŐĞŶĞƌĂƚĞĚ͍tŚĂƚŽƚŚĞƌƐŽůŝĚǁĂƐƚĞǁŝůůďĞ
generated? How will expired pharmaceutical waste be disposed? HDF has failed to consider these
issues.
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'UDLQDJHIHDWXUHVDWWKH+')VLWH

)LJXUH

/RFDWLRQRIJURXQGZDWHUZHOOVDWWKH+')VLWH6RXUFH71:5(

,QWHUQDWLRQDODQG5HG%DUQ&RQVXOWLQJD)LJXUH%

FRQWHPSODWHG+')SURMHFW FRZV 6RXUFH*URXS

0DQXUHVROLGVVOXUU\DSSOLFDWLRQDUHDVLQGLFDWHGLQEURZQ

%DUQ&RQVXOWLQJD)LJXUH$

)LJXUH

)LJXUH

)LJXUH

0DQXUHVROLGVVOXUU\DSSOLFDWLRQDUHDVLQGLFDWHGLQEURZQSURSRVHG

)LJXUH

/LPLWDWLRQV

,UULJDWLRQDUHDVSURSRVHGVWUXFWXUHV±GDLU\IDUPDW0DKDµXOHSX

)LJXUH

([FHHGDQFHVRI:DWHU4XDOLW\6WDQGDUGV

&RPPHQW7KHSRWHQWLDOIRUDGGLWLRQDOH[FHHGDQFHVRIZDWHUTXDOLW\VWDQGDUGV
DQGIRUGHJUDGDWLRQRIZDWHUTXDOLW\LQ:DLRSLOL6WUHDPDQGLQWKHRFHDQVKRXOGEH
HYDOXDWHGLQDULJRURXVDQGTXDQWLWDWLYHIDVKLRQ


+')SURMHFW FRZV 6RXUFH*URXS,QWHUQDWLRQDODQG5HG

/RFDWLRQRISURSRVHGGDLU\IDUPDW0DKDµXOHSX

)LJXUH



$QWLGHJUDGDWLRQ5HTXLUHPHQWV

/LVWRI)LJXUHV























3DJH

-XO\

)HGHUDODQG6WDWH&$)25HJXODWLRQV
&RPPHQW+')VKRXOGEHGHVLJQDWHGDVD&$)2DQGEHVXEMHFWWRDQLQGLYLGXDO
13'(6SHUPLW

$GGLWLRQDO&RQVLGHUDWLRQV5HODWHGWR:DWHU4XDOLW\

-XO\





7DEOH3HDNUXQRIIUDWHVGRZQVWUHDPRIWKHSURSRVHG+')SURMHFWVLWHDVSUHVHQWHGLQ
$SSHQGL[.RIWKH+')'(,66RXUFH*URXS,QWHUQDWLRQDO E 
7DEOHVDQG

YL



7DEOH6LPXODWHGSHDNUXQRIIUDWHVGRZQVWUHDPRIWKHSURSRVHG+')VLWH-XQH±
0D\H[LVWLQJDQGSURMHFWFRQGLWLRQV6RXUFH([SRQHQW6:00
PRGHOLQJ  

406



7DEOH0RQWKO\ZDWHUEDODQFHLQPLOOLRQVRIJDOORQV 0* IRUSURMHFWFRQGLWLRQVDWWKH
SURSRVHG+')VLWH +RUWRQ¶VPHWKRGIRULQILOWUDWLRQ 6RXUFH([SRQHQW
6:00PRGHOLQJ  

3DJH

7DEOH0RQWKO\ZDWHUEDODQFHLQPLOOLRQVRIJDOORQV 0* IRUH[LVWLQJFRQGLWLRQVDW
WKHSURSRVHG+')VLWH +RUWRQ¶VPHWKRGIRULQILOWUDWLRQ 6RXUFH([SRQHQW
6:00PRGHOLQJ  

/LVWRI7DEOHV

-XO\

406

FIV

%03

'(,6

'(0

JSG

*,6

*36

+')

+'2+

.DZDLORD

0*

PJG

15&6

13'(6

6&6

6:00

:03

YLL

+'):DVWH0DQDJHPHQW3ODQ

6WRUP:DWHU0DQDJHPHQW0RGHO

6RLO&RQVHUYDWLRQ6RFLHW\

1DWLRQDO3ROOXWDQW'LVFKDUJH(OLPLQDWLRQ6\VWHP

1DWXUDO5HVRXUFHV&RQVHUYDWLRQ6HUYLFH

PLOOLRQJDOORQVSHUGD\

0LOOLRQJDOORQV

.DZDLORD'HYHORSPHQW//3

+DZDLL'HSDUWPHQWRI+HDOWK

+DZDLµL'DLU\)DUP

*OREDO3RVLWLRQLQJ6\VWHP

*HRJUDSKLF,QIRUPDWLRQ6\VWHP

JDOORQVSHUGD\

'LJLWDOHOHYDWLRQPRGHO

'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW

%HVW0DQDJHPHQW3UDFWLFH

FXELFIHHWSHUVHFRQG

$FURQ\PVDQG$EEUHYLDWLRQV

-XO\

406

YLLL

VDPSOLQJWKDWZDVFRQGXFWHGGLGQRWLQFOXGHZHWZHDWKHUHYHQWV7KH'(,6GRHVQRWGHVFULEH

FRQGLWLRQVDUHQRWDGHTXDWHWRGHVFULEHWKHIXOOUDQJHRIFRQGLWLRQVQRWDEO\WKHOLPLWHG

$OWKRXJKEDVHOLQHZDWHUTXDOLW\VDPSOLQJLVUHSRUWHGLQWKH'(,6ZDWHUTXDOLW\GDWDIRUH[LVWLQJ

TXDOLW\LPSDFWV

LUULJDWLRQV\VWHPVDUHIHDVLEOHRUWKDWWKH\FRXOGEHLPSOHPHQWHGZLWKRXWH[DFHUEDWLQJZDWHU

PHDVXUHVZKLFKLQYROYHWKHGLVWULEXWLRQRIERWKOLTXLGDQGVROLGPDQXUHDWWKHVLWHYLDWKHVLWH

TXDOLW\DQGSURGXFHQR[LRXVRGRUV,WLVDOVRQRWFOHDUWKDWWKHSURSRVHGRQVLWHHIIOXHQWKDQGOLQJ

WKH\ZLOOEHRSHUDWHGDQGLWLVOLNHO\WKDWWKHHIIOXHQWSRQGVRQVLWHZLOOH[KLELWSRRUZDWHU

PDQDJHPHQWSUDFWLFHVSURSRVHGIRUWKHSRQGVDWWKHIDFLOLW\DUHDGHTXDWHO\GHVLJQHGRUKRZ

DQGWKHLUHIIHFWLYHQHVVLVQRWPRGHOHGRUTXDQWLILHG,WLVQRWFOHDUWKDWWKHZDVWHZDWHU

ZDWHUTXDOLW\LPSDFWVZLOOPLQLPL]HZDWHUTXDOLW\LPSDFWV%03VDUHQRWGHVFULEHGLQGHWDLO

$OWKRXJKWKH'(,6DVVHUWVWKDWWKHEHVWPDQDJHPHQWSUDFWLFHV %03V SURSRVHGWRDGGUHVV

FRQWDPLQDQWVWRWKHQHDUVKRUHRFHDQ

HYDOXDWHLPSDFWVUHODWHGWRHURVLRQDQGWKHWUDQVSRUWRIVHGLPHQWDQGRWKHUSRWHQWLDO

DGHTXDWHO\FRQVLGHULPSDFWVGXHWRSDWKRJHQVIURPPDQXUHDWWKHIDFLOLW\7KH'(,6IDLOVWR

SKRVSKRUXV WKDWDUHH[SHFWHGWROHDYHWKHVLWHE\VXUIDFHDQGJURXQGZDWHUIORZVDQGGRHVQRW

PDNHVVLJQLILFDQWDQGXQIRXQGHGDVVXPSWLRQVUHJDUGLQJWKHTXDQWLW\RIQXWULHQWV QLWURJHQDQG

DVVXPSWLRQVDQGZLWKRXWFRQVLGHULQJLPSRUWDQWK\GURORJLFSURFHVVHVDQGGDWD7KH+')'(,6

VXUIDFHZDWHULQFOXGLQJWRWKH:DLRSLOL6WUHDPDQGWKHRFHDQXVLQJRYHUO\EURDGJHQHUDO

([SRQHQWIRXQGWKDWWKH'(,6HYDOXDWHGUXQRIIDQGZDWHUTXDOLW\LPSDFWVWRJURXQGZDWHUDQG

UHVRXUFHVDQGWRHYDOXDWHWKHSURSRVHGPDQDJHPHQWSUDFWLFHVRIWKH+')

DWWKHVLWHWRDQDO\]HWKHH[SHFWHGLPSDFWVRIWKHSURMHFWRQJURXQGZDWHUDQGVXUIDFHZDWHU

REWDLQHGIURPSXEOLFVRXUFHVDVWKHEDVLVIRUK\GURORJLFPRGHOLQJWRVLPXODWHWKHZDWHUEDODQFH

'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6  *URXS,QWHUQDWLRQDOD DQGLQIRUPDWLRQ

+') IDFLOLW\RQZDWHUUHVRXUFHVDQGZDWHUTXDOLW\([SRQHQWUHOLHGXSRQLQIRUPDWLRQIURPWKH

([SRQHQWZDVUHWDLQHGWRHYDOXDWHWKHDQWLFLSDWHGLPSDFWVRIWKHSURSRVHG+DZDLދL'DLU\)DUPV

([HFXWLYH6XPPDU\

-XO\

406

L[

GHJUDGDWLRQRIWKH:DLRSLOL6WUHDPDQGWKHRFHDQ

ZDWHUTXDOLW\VWDQGDUGVWKDWZRXOGQRWKDYHRFFXUUHGZLWKRXWWKHSURMHFWDQGWRUHVXOWLQ

([SRQHQWDDQG([SRQHQWF 7KH+')FDQEHH[SHFWHGWRFDXVHH[FHHGDQFHVRI

TXDOLW\LPSDFWVPD\LQWXUQUHVXOWLQLPSDFWVWRFRUDOPDULQHOLIHDQGKXPDQKHDOWK VHHDOVR

ZDWHUTXDOLW\LPSDFWVGXHWRQLWURJHQSKRVSKRUXVSDWKRJHQVDQGVHGLPHQW7KHVHZDWHU

DVVXUIDFHZDWHUUXQRIIZLOOLQFUHDVH2XUDQDO\VLVDOVRLGHQWLILHGWKHOLNHOLKRRGRIVLJQLILFDQW

VRLOW\SHVDQGLUULJDWLRQSUDFWLFHVSURSRVHGIRUWKHIDFLOLW\WKHDPRXQWRIZDWHUOHDYLQJWKHVLWH

ZKHUHPDQXUHVROLGVDUHSURSRVHGWREHDSSOLHGDVDVOXUU\YLDJXQLUULJDWLRQ$VDUHVXOWRIWKH

H[SHFWHGWREHVDWXUDWHGRUQHDUO\VDWXUDWHGPXFKRIWKHWLPHLQFOXGLQJLQWKHDUHDRIWKHVLWH

ZDWHUDSSOLHGWRWKHVLWH:HIRXQGWKDWWKHSRRUO\GUDLQHGVRLOVRYHUPXFKRIWKHVLWHDUH

7KHSURSRVHGLUULJDWLRQSUDFWLFHVDWWKHVLWHZLOOFDXVHDVLJQLILFDQWLQFUHDVHLQWKHDPRXQWRI

REVHUYHG

ZLWKDJHQFLHVRUWKHSXEOLFRUWKHDFWLRQVWKDWZLOOEHWDNHQLIZDWHUTXDOLW\LPSDFWVDUH

SURMHFWLPSDFWVZKHWKHUVDPSOLQJGDWDJDWKHUHGDIWHUWKHSURMHFWLVLPSOHPHQWHGZLOOEHVKDUHG

KRZEDVHOLQHPRQLWRULQJZLOOEHXVHGWKHPRQLWRULQJDQGVDPSOLQJUHJLPHSURSRVHGWRHYDOXDWH

-XO\

406



SDUORUDFDOYLQJVKHGDQGDQLPSOHPHQWVKHG )LJXUH 

DDFUH³KHDGTXDUWHUV´SDUFHOQHDUWKHZHVWHUQERXQGDU\RIWKHVLWHLQFOXGLQJDPLONLQJ

JURZQLQWKHSDGGRFNVIRUFDWWOHJUD]LQJ7KHIDUPZRXOGDOVRLQFOXGHVHYHUDOQHZVWUXFWXUHVRQ

7KHIDUPZRXOGPRVWO\FRQVLVWRIRSHQSDGGRFNDUHDV DFUHV .LNX\XJUDVVZRXOGEH

SRVVLELOLW\RIH[SDQGLQJWRVXSSRUWFRZVLQWKHIXWXUH WKHFRQWHPSODWHGSURMHFW 

7KHGDLU\IDUPZRXOGVXSSRUWPDWXUHGDLU\FRZVDWILUVW WKHSURSRVHGSURMHFW ZLWKWKH

DJULFXOWXUDOGLWFKHVWKDWXOWLPDWHO\FRQYH\UXQRIIWRWKHRFHDQE\ZD\RIWKH:DLRSLOL6WUHDP

UDLQIDOOUXQRIIIURPVXUURXQGLQJVWHHSKLOOVLGHVDQGLWLVGUDLQHGE\DQH[LVWLQJQHWZRUNRI

LVODQGRI.DXDµLQHDU3RދLSǌ )LJXUH  *URXS,QWHUQDWLRQDOD 7KHVLWHUHFHLYHV

+')SURSRVHVDDFUHGDLU\IDUPLQWKH0ƗKƗދXOHSǌ9DOOH\RQWKHVRXWKHDVWSRUWLRQRIWKH

SUHVHQWHGLQWKLVUHSRUW

SURYLGHGE\.DZDLORDRUREWDLQHGIURPSXEOLFVRXUFHVIRUPWKHEDVLVRIWKHHYDOXDWLRQV

05&*URXS,QWHUQDWLRQDOE 7KHVHGRFXPHQWVWRJHWKHUZLWKGRFXPHQWV

VXSSOHPHQWDU\UHSRUWVRQJURXQGZDWHUDQGVXUIDFHZDWHULPSDFWVRIWKHSURMHFW 71:5(

IDUPSURMHFWDW0ƗKƗދXOHSǌ *URXS,QWHUQDWLRQDOD 7KH'(,6LQFOXGHGVHFWLRQVDQG

,Q0D\+')VXEPLWWHGD'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6 IRUWKHGDLU\

DQGSDWKRJHQV ([SRQHQWDEF 

SUHSDUHVHSDUDWHUHSRUWVWRHYDOXDWHLPSDFWVUHODWHGWRRGRUDQGDLUTXDOLW\HFRORJLFDOLPSDFWV

UHVRXUFHVDQGZDWHUTXDOLW\ZKLFKLVWKHVXEMHFWRIWKLVUHSRUW([SRQHQWZDVDOVRUHWDLQHGWR

6SHFLILFDOO\([SRQHQWZDVDVNHGWRHYDOXDWHLPSDFWVRIWKHSURSRVHGGDLU\IDUPRQZDWHU

)DUPV +') WRFRQVWUXFWDQGRSHUDWHDGDLU\IDUPRQWKHLVODQGRI.DXDµL+DZDLL

'HYHORSPHQW//3 .DZDLORD WRUHYLHZLQIRUPDWLRQUHODWHGWRDSURSRVDOE\+DZDLދL'DLU\

([SRQHQWZDVUHWDLQHGE\*RRGVLOO$QGHUVRQ4XLQQ 6WLIHO//3RQEHKDOIRI.DZDLORD

3URMHFW%DFNJURXQG

,QWURGXFWLRQ

-XO\

406





-XO\

406





-XO\



406



7KH+DZDLL'HSDUWPHQWRI+HDOWK +'2+ VHQWDOHWWHUWR0U3DXO70DWVXGDDW*URXS,QWHUQDWLRQDORQ
-XQH +'2+ VWDWLQJWKDWZDVWHZDWHUHIIOXHQWIURPWKHSURSRVHGVWRUDJHSRQGVKRXOGQRWEH
GLVWULEXWHGYLDLUULJDWLRQJXQ3UHVXPDEO\+'2+ZRXOGDOVRREMHFWWRGLVWULEXWLQJPDQXUHVOXUU\IURPWKH
VHWWOLQJSRQGYLDLUULJDWLRQ7KXVLWLVQRWFOHDUWKDWWKHSURSRVHGVOXUU\GLVWULEXWLRQPHWKRGRORJ\LVIHDVLEOH
IURPDUHJXODWRU\SHUVSHFWLYH







SS 

DVDVOXUU\RQVHOHFWSDGGRFNV )LJXUHVDQG XVLQJDQLUULJDWLRQJXQ *URXS,QWHUQDWLRQDO

SRQG6ROLGVDUHSURSRVHGWREHUHPRYHGIURPWKHSRQGURXJKO\HYHU\GD\VDQGGLVWULEXWHG

$VWLUUHUSXPSRSHUDWLQJWZRKRXUVHDFKGD\LVSODQQHGWREUHDNXSWKHVROLGVLQWKHVHWWOLQJ

VWUXFWXUHVZRXOGIORZLQWRWKHVHWWOLQJSRQGZKHUHWKHVROLGVLQWKHZDVWHZDWHUZRXOGVHWWOHRXW

WKHFRQWHPSODWHGSURMHFW DORQJZLWKDQ\UDLQIDOOUXQRIIIURPWKHDFUHVVXUURXQGLQJWKH

HVWLPDWHGWREHJDOORQVSHUGD\>JSG@IRUWKHSURSRVHGSURMHFWDQGJSGIRU

$VQRWHGDERYHWKHFDWWOHZDVWHDQGZDVKZDWHUJHQHUDWHGLQWKHDFUHKHDGTXDUWHUVDUHD

DGGLWLRQDOGHVFULSWLRQEHORZ 

SURSRVHGWRDSSO\DVOXUU\RIPDQXUHVROLGVIURPWKHVHWWOLQJSRQG VHH)LJXUH)LJXUHDQG

LUULJDWHDQDUHDLQWKHVRXWKZHVWFRUQHURIWKHVLWH )LJXUH DQGDJXQLUULJDWLRQV\VWHPLV

DUHDV,QDGGLWLRQWRWKHWZRFHQWUDOLUULJDWLRQSLYRWVUHHOJXQLUULJDWLRQZRXOGEHXVHGWR

LQWHQGHGWRDSSO\LUULJDWLRQZDWHULQSDVWXUHDUHDVDQGQRWLQGUDLQDJHGLWFKHVRUGLWFKEXIIHU

ZRXOGEHFRQWUROOHGE\VRIWZDUHWKDWHPSOR\VD*OREDO3RVLWLRQLQJ6\VWHP *36 DQGWKDWLV

GHJUHHVZKLOH3LYRWZRXOGURWDWHURXJKO\GHJUHHV )LJXUH 7KHSLYRWLUULJDWLRQV\VWHP

RQWRWKHSDVWXUHJUDVV´ *URXS,QWHUQDWLRQDODSS± 3LYRWZRXOGURWDWH

IRRWGLDPHWHU1R]]OHVDUHVXVSHQGHGVHYHUDOIHHWIURPWKHJURXQGWRGLUHFWZDWHUGLUHFWO\

RYHUKHDGURWDWLQJVSUD\HUVXSSRUWHGE\WUXVVHVPRXQWHGRQZKHHOHGWRZHUVWKDWURWDWHLQD

)LJXUH 7KHLUULJDWLRQV\VWHPZRXOGLQFOXGH³WZRFHQWUDOSLYRWVWKDWIHHGZDWHUWRDQ

ZDWHUFRQYH\HGIURPWKHQHDUE\:DLWD5HVHUYRLUDQGZDWHUFROOHFWHGLQWKHWZRSRQGV )LJXUH

$QLUULJDWLRQV\VWHPZRXOGEHLPSOHPHQWHGWRLUULJDWHPRVWRIWKHVLWH DFUHV XVLQJ

DQGVWRUDJHSRQGWREHUHXVHGRQVLWH

ZDVWHJHQHUDWHGLQWKHPLONLQJDQGFDOYLQJIDFLOLWLHV:DVKZDWHUZRXOGIORZWRDVHWWOLQJSRQG

3RWDEOHZDWHUIURPVHYHUDOH[LVWLQJJURXQGZDWHUZHOOVZRXOGEHXVHGWRZDVKGRZQWKHFDWWOH

-XO\

406



406





FRZV 6RXUFH*URXS,QWHUQDWLRQDODQG5HG%DUQ&RQVXOWLQJD)LJXUH%



)LJXUH0DQXUHVROLGVVOXUU\DSSOLFDWLRQDUHDVLQGLFDWHGLQEURZQFRQWHPSODWHG+')SURMHFW

FRZV 6RXUFH*URXS,QWHUQDWLRQDODQG5HG%DUQ&RQVXOWLQJD)LJXUH$

-XO\

)LJXUH0DQXUHVROLGVVOXUU\DSSOLFDWLRQDUHDVLQGLFDWHGLQEURZQSURSRVHG+')SURMHFW 

-XO\

406



+DZDLLDQWLGHJUDGDWLRQUHTXLUHPHQWVDQGDSSOLFDEOHZDWHUTXDOLW\VWDQGDUGV

FRQFHUQLQJVWRUPZDWHUPDQDJHPHQWIRUFRQFHQWUDWHGDQLPDOIHHGLQJRSHUDWLRQV &$)2V LQ

DGGLWLRQDOFRQVLGHUDWLRQVSHUWDLQLQJWRZDWHUTXDOLW\DWWKHVLWHZLWKUHJDUGWRUHJXODWLRQV

$SSHQGLFHV(DQG)RIWKH'(,6 71:5(05& 7KHIRXUWKVHFWLRQSUHVHQWV

SUHVHQWV([SRQHQW¶VHYDOXDWLRQRIVXUIDFHZDWHUDQGJURXQGZDWHUTXDOLW\LPSDFWVSUHVHQWHGLQ

SUHVHQWHGLQ$SSHQGL[.RIWKH'(,6 *URXS,QWHUQDWLRQDOE 7KHWKLUGVHFWLRQ

6:00 7KHVHFRQGVHFWLRQSUHVHQWV([SRQHQW¶VHYDOXDWLRQRIWKHGUDLQDJHGHVLJQDQDO\VLV

([SRQHQW¶VK\GURORJLFDQDO\VLVRIWKHVLWHXVLQJ(3$¶V6WRUP:DWHU0DQDJHPHQW0RGHO

([SRQHQW¶VHYDOXDWLRQRIWKHK\GURORJLFDQGZDWHUEDODQFHDQDO\VLVLQWKH'(,6LQFOXGLQJ

7KLVUHSRUWFRQWDLQVIRXUPDLQVHFWLRQVIROORZLQJWKH,QWURGXFWLRQ7KHILUVWVHFWLRQSUHVHQWV

 7RVXPPDUL]HNH\DVSHFWVRIWKHZDWHUEDODQFHDQGZDWHUTXDOLW\DQDO\VLVLQWKH'(,6
DQGLGHQWLI\GHILFLHQFLHVLQ+')¶VDQDO\VLVRIJURXQGZDWHUDQGVXUIDFHZDWHULPSDFWV
 7RVXPPDUL]H([SRQHQW¶VDQDO\VLVRIWKHDQWLFLSDWHGLPSDFWVRIWKHSURMHFWRQ
JURXQGZDWHUDQGVXUIDFHZDWHU

7KHSXUSRVHRIWKLVUHSRUWLVWZRIROG

3XUSRVHDQG2YHUYLHZRI5HSRUW

DOVREHDSSOLHGDWWKHVLWH

IHUWLOL]HWKHVLWH²HYHQIRUWKHFRZFRQWHPSODWHGSURMHFW²FRPPHUFLDOIHUWLOL]HUZRXOG

DUHDV6LQFHQXWULHQWVLQWKHZDVWHZDWHUDQGFDWWOHZDVWHDWWKHVLWHZRXOGQRWEHVXIILFLHQWWR

5HVHUYRLU8VLQJZDVWHZDWHUIRULUULJDWLRQLVLQWHQGHGWRKHOSWRIHUWLOL]HJUDVVLQWKHSDGGRFN

3LYRWRIWKHLUULJDWLRQV\VWHP VHH)LJXUH VXSSOHPHQWHGE\LUULJDWLRQZDWHUIURP:DLWD

:DVWHZDWHUIURPWKHVWRUDJHSRQGZRXOGEHGLVWULEXWHGWRVHOHFWSDGGRFNDUHDVYLD3LYRWDQG

RIIUHHERDUG *URXS,QWHUQDWLRQDODQG5HG%DUQ&RQVXOWLQJD)LJXUH%S 

DFUHVXUURXQGLQJDUHD VL[LQFKHVRIUDLQIDOO \HDUKRXUVWRUPUXQRIIDQGRQHIRRW

VHWWOLQJSRQG XQGHUFRQWHPSODWHGSURMHFWFRQGLWLRQV DYHUDJHPRQWKO\UDLQIDOOUXQRIIIURPWKH

WKH'(,6WKHVWRUDJHSRQGZRXOGEHEXLOWWRDFFRPPRGDWHGD\VRIHIIOXHQWLQIORZIURPWKH

WKHVDPHUDWHVQRWHGDERYHIRUZDVWHDQGZDVKZDWHULQIORZWRWKHVHWWOLQJSRQG$FFRUGLQJWR

$IWHUVHWWOLQJRIVROLGVZDVWHZDWHULQWKHVHWWOLQJSRQGZRXOGRYHUIORZLQWRDVWRUDJHSRQGDW

-XO\

406



DIIHFWLQJWKHZDWHUEDODQFHDWWKHVLWH²LUULJDWLRQDQGVRLOW\SH²DUHLGHQWLFDOIRUSURSRVHGDQG

FRQWHPSODWHGFRQGLWLRQ FRZV ZDVQRWPRGHOHGH[SOLFLWO\VLQFHWKHSULPDU\IDFWRUV

HYDOXDWLQJFKDQJHVWRWKHVLWHZDWHUEDODQFHWKDWZRXOGUHVXOWIURPWKHSURMHFW7KH

FRQGLWLRQV FRZV 7KHH[LVWLQJFRQGLWLRQZDVVLPXODWHGWRSURYLGHDEDVHOLQHIRU

([SRQHQWPRGHOHGWZRVFHQDULRVXVLQJ6:00H[LVWLQJFRQGLWLRQVDQGSURSRVHGSURMHFW

URXWLQJUXQRIIWKURXJKRSHQFKDQQHOV HJVWUHDPVDQGGLWFKHV 

K\GURORJLFF\FOH 86(3$86(3$ 7KHV\VWHPLQFOXGHVDOJRULWKPVIRU

HYDSRWUDQVSLUDWLRQVRLOZHWWLQJDQGGU\LQJLQILOWUDWLRQWRJURXQGZDWHUDQGRWKHUDVSHFWVRIWKH

WRVLPXODWHFRQWLQXRXVORQJWHUPUHFRUGVRISUHFLSLWDWLRQLUULJDWLRQUDLQIDOOUXQRII

6:00  9HUVLRQ 6:00LVDQ(3$DSSURYHGK\GURORJLFPRGHOLQJV\VWHPWKDWLVDEOH

([SRQHQWIRUPXODWHGDK\GURORJLFPRGHORIWKHVLWHXVLQJWKH6WRUP:DWHU0DQDJHPHQW0RGHO

7RHYDOXDWHSURMHFWGULYHQFKDQJHVWRWKHZDWHUEDODQFHIRUWKHVLWHRIWKHSURSRVHGGDLU\IDUP

0HWKRGRORJ\

+\GURORJLF0RGHOLQJZLWK6:00

VXUIDFHZDWHUUXQRIIIURPWKHVLWHZRXOGOLNHO\LQFUHDVH

WKHWLPHGLPLQLVKLQJWKHVRLOV¶FDSDFLW\WRDEVRUEZDWHU VHHDOVR&+0 $VDUHVXOW

3URSRVHGLUULJDWLRQUDWHVZRXOGFDXVHVRLOVDWWKHVLWHWREHVDWXUDWHGRUQHDUO\VDWXUDWHGPRVWRI

LUULJDWLRQSURSRVHGIRUWKHVLWHDQGWKHSUHVHQFHRISRRUO\GUDLQHGVRLOVXQGHUO\LQJWKHVLWH

RIWKHSURSRVHGDQGFRQWHPSODWHGSURMHFWVSULPDULO\DVDUHVXOWRIH[WHQVLYHDGGLWLRQDO

DUHD([SRQHQWH[SHFWVWKHZDWHUEDODQFHDWWKH+')VLWHZRXOGFKDQJHVLJQLILFDQWO\DVDUHVXOW

$ZDWHUEDODQFHIRUDJHRJUDSKLFDUHDLVDQDFFRXQWLQJRIWKHZDWHUIORZLQJLQWRDQGRXWRIWKH

:DWHU%DODQFH

-XO\

HJURFNRXWFURSVDQGSDYHGDUHDV 
7ZRPHWKRGVZHUHXVHGWRPRGHOVRLOLQILOWUDWLRQ)LUVWWRPDLQWDLQFRQVLVWHQF\ZLWKWKH
K\GURORJLFPHWKRGVXVHGLQ$SSHQGL[.RIWKH'(,6 *URXS,QWHUQDWLRQDOE WKH6RLO
&RQVHUYDWLRQ6RFLHW\ 6&6 &XUYH1XPEHUPHWKRGZDVXVHGIRURQHVHWRI6:00UXQV6&6
FXUYHQXPEHUGDWDZHUHREWDLQHGIURPWKH86'HSDUWPHQWRI$JULFXOWXUH1DWLRQDO
(QJLQHHULQJ+DQGERRN 86'$ DQGZHUHFKHFNHGDJDLQVWGDWDLQWKH6:00+\GURORJ\
5HIHUHQFH0DQXDO 86(3$7DEOH 6LQFHWKH&XUYH1XPEHUPHWKRGGRHVQRW

7KHRQH\HDUSHULRGIURP-XQHWKURXJK0D\ZDVVLPXODWHGIRUERWKVFHQDULRV

7KLVSHULRGH[KLELWHGVLJQLILFDQWUDLQIDOO DSSUR[LPDWHO\LQFKHV DQGVRPHVWRUPHYHQWV

WKRXJKUDLQIDOOZDVIDLUO\HYHQO\GLVWULEXWHGRYHUWKHSHULRGUHODWLYHWRRWKHUZHW\HDUV HJ

ZKLFKH[KLELWHGVHYHUDOORQJSHULRGVRILQWHQVHUDLQIDOO 7KHPRGHOHGSHULRGZDVVHOHFWHG

LQVWHDGRIDQDYHUDJHUDLQIDOO\HDUVLQFHLWZRXOG\LHOGK\GURORJLFDQGZDWHUTXDOLW\LPSDFWV

H[SHFWHGWREHREVHUYHGDWWKHVLWHDVDUHVXOWRIWKHSURMHFWGXULQJZHWK\GURORJLFFRQGLWLRQV

WUHDWHGDVORZHQGHVWLPDWHVRISURMHFWFRQGLWLRQLQILOWUDWLRQ

LQWKH:DLRSLOL6WUHDPZLWKLQDQGGRZQVWUHDPRIWKH+')VLWH86*HRORJLFDO6XUYH\GLJLWDO

JURXQGZDWHULVDWRUFORVHWRWKHJURXQGVXUIDFH8QGHUWKHVHFRQGLWLRQVYHU\OLWWOHZDWHU
DSSOLHGWRWKHJURXQGVXUIDFHDVUDLQIDOORULUULJDWLRQZRXOGLQILOWUDWH*URXQGZDWHULVUHSRUWHGWR
EHDWRUQHDUWKHJURXQGVXUIDFHLQVRPHDUHDVRIWKHVLWHGXULQJZHWSHULRGV)RUH[DPSOHWKH
JURXQGZDWHUOHYHOLQPRQLWRULQJZHOO+')ZDVUHSRUWHGDVILYHIHHWEHORZJURXQGVXUIDFHLQ
-XO\ VHH)LJXUH6+&:50DQG71:5(SS± WKXVWKHLQYHUWVRIWKH
DSSUR[LPDWHO\ILYHWRWHQIRRWGHHSFKDQQHOVDWWKHVLWHDUHUHSRUWHGWRLQWHUVHFWZLWK
JURXQGZDWHUQHDUWKLVZHOO DQG+') LQWKHQRUWKHUQDUHDRIWKHVLWH )LJXUH71:5(

IRUVHYHUDOUHDVRQV)LUVWWKH\ZHUHGLVWLQJXLVKHGLQRUGHUWRDFFRXQWIRUMXQFWLRQVLQWKHRSHQ

FKDQQHOQHWZRUNDQGWRFDOFXODWHUXQRIIUDWHVDWVHOHFWHGRWKHUSRLQWV6HFRQGVXEEDVLQVZHUH

GHILQHGLQRUGHUWRVHSDUDWHWKH+')VLWHIURPVXUURXQGLQJZDWHUVKHGDUHDV7KLUGVXEEDVLQV

ZHUHGHOLQHDWHGWRFRUUHVSRQGWRVRLODQGODQGXVHW\SHVDQGWRVHSDUDWHDUHDVWKDWZRXOGEH

VXEMHFWWRLUULJDWLRQXQGHUSURMHFWFRQGLWLRQVIURPXQLUULJDWHGDUHDV*,6WRROVZHUHXVHGWR

FDOFXODWHVXEEDVLQDUHDVDQGRWKHUZDWHUVKHGJHRPHWU\SDUDPHWHUVUHTXLUHGE\6:00 HJ

VXEEDVLQZLGWKVXEEDVLQVORSHDQGRSHQFKDQQHOOHQJWK 

JURXQGZDWHULQVRPHSRUWLRQVRIWKHVLWHKDVEHHQUHSRUWHGWREHDVVKDOORZDVP 6&6

&RYHU'DWDEDVH +RPHUHWDO 3URMHFWFRQGLWLRQODQGXVHGDWDZHUHHVWLPDWHGIURPWKH

406



7KHPDLQK\GURORJLFGLIIHUHQFHEHWZHHQWKHVFHQDULRVZRXOGEHLQFUHDVHGZDVWHZDWHUJHQHUDWHGLQWKH
KHDGTXDUWHUVDUHDDQGLQFUHDVHGPDQXUHVOXUU\DSSOLHGWRQRQLUULJDWHGDUHDVRIWKHVLWHXQGHUFRQWHPSODWHG
SURMHFWFRQGLWLRQV,QFUHDVHGZDVWHZDWHUJHQHUDWHGLQWKHKHDGTXDUWHUVDUHDZRXOGQRWDIIHFWLUULJDWLRQYROXPHV
DQGVRLWZRXOGQRWLQIOXHQFHWKHVLWHZDWHUEDODQFH7KHLQFUHDVHGPDQXUHVOXUU\ZRXOGDIIHFWWKHVLWHZDWHU
EDODQFHEXWVOXUU\YROXPHVDUHDQWLFLSDWHGWREHVPDOOUHODWLYHWRLUULJDWLRQYROXPHVDQGVRWKHLUHIIHFWRQWKH
ZDWHUEDODQFHZRXOGQRWEHVLJQLILFDQW





³FXUUHQWO\PDUVKODQG´WKDWFRXOGQRWEHH[FDYDWHG 6&6S DQGWKHGHSWKWR

6RLO6XUYH\6WDII ([LVWLQJFRQGLWLRQODQGXVHGDWDZHUHREWDLQHGIURPWKH1DWLRQDO/DQG

406



JURXQGZDWHU VR6:00UXQVXVLQJ+RUWRQ¶VPHWKRGSURYLGHIRUJUHDWHULQILOWUDWLRQWKDQ

LQILOWUDWLRQHYHQZKHQVRLOVDUHVDWXUDWHG UHSUHVHQWLQJWKHORVVRISHUFRODWLQJZDWHUWRGHHSHU

FRQGXFWHGXVLQJ+RUWRQ¶VPHWKRGIRULQILOWUDWLRQ+RUWRQ¶VPHWKRGFRQWLQXHVWRDOORZVRLO

7REUDFNHWVRLOLQILOWUDWLRQUDWHVXQGHUSURMHFWFRQGLWLRQVDVHFRQGVHWRI6:00UXQVZDV

LQILOWUDWLRQRYHUFHUWDLQSDUWVRIWKHVLWHXQGHUVRPHFRQGLWLRQV

S 7KXVWKH&XUYH1XPEHUPHWKRGPD\ZHOOSURGXFHDQDFFXUDWHUHSUHVHQWDWLRQRI

DUHDSURSRVHGIRUVOXUU\ VROLGPDQXUH DSSOLFDWLRQDVVKRZQRQ)LJXUH KDVEHHQUHSRUWHGDV

6RLOGDWDZHUHREWDLQHGIURPWKH86'HSDUWPHQWRI$JULFXOWXUH¶V6685*2GDWDEDVH 15&6

S ,QDGGLWLRQWKHDUHDLQFOXGLQJSDGGRFNVWR LHZLWKLQWKHDSSUR[LPDWH

,QILOWUDWLRQUDWHVFDOFXODWHGXVLQJWKH&XUYH1XPEHUPHWKRGUHSUHVHQWDFRQGLWLRQLQZKLFK

GHOLQHDWHWKHPRGHOHGZDWHUVKHGDQGWRGLYLGHLWLQWRVXEEDVLQV6XEEDVLQVZHUHGLVWLQJXLVKHG

HOHYDWLRQGDWD 86*6 DQG*HRJUDSKLF,QIRUPDWLRQ6\VWHP *,6 WRROVZHUHXVHGWR

ZDWHUDSSOLFDWLRQUDWHVDUHKLJKWKXV6:00UXQVXVLQJWKH&XUYH1XPEHUPHWKRGZHUH

7KH+')VLWHDQGWKHZDWHUVKHGDUHDGUDLQLQJWRLWZHUHPRGHOHGLQRUGHUWRDVVHVVUXQRIIUDWHV

DOORZIRUIXUWKHULQILOWUDWLRQRQFHVRLOVDUHVDWXUDWHGLW\LHOGVORZHVWLPDWHVRILQILOWUDWLRQZKHQ

+')'(,6'DWDLQFOXGHGWKHSURSRUWLRQRIHDFKVXEEDVLQWKDWLVLPSHUYLRXVWRLQILOWUDWLRQ

GLIIHUHQWIRUWKHSURSRVHGDQGFRQWHPSODWHGSURMHFWFRQGLWLRQV

-XO\

FRQWHPSODWHGSURMHFWFRQGLWLRQVWKXVWKHZDWHUEDODQFHZDVQRWH[SHFWHGWREHVLJQLILFDQWO\

-XO\

406





WRFRYHUWKHUDQJHRIH[SHFWHGUDWHV



FDOLEUDWHWKH6:00PRGHOWZRPRGHOUXQVZHUHXVHGWRUHSUHVHQWLQILOWUDWLRQWKDWLVEHOLHYHG

6:00UXQVXVLQJWKH&XUYH1XPEHUPHWKRG6LQFHQRORFDOK\GURORJLFGDWDZHUHDYDLODEOHWR

-XO\

406



LQFOXGHGLQWKHVLPXODWLRQ



7KH0ƗKƗދXOHSǌ5HVHUYRLUORFDWHGQHDUWKHQRUWKZHVWFRUQHURIWKHVLWH )LJXUH ZDVDOVR

DURXQGWKHSHULPHWHURIWKH+')VLWHEHORZWKHVWHHSVORSHVZLWKLQWKHZDWHUVKHG )LJXUH 

WKHVLWHVXFKDVWKH:DLRSLOL6WUHDPDQGQDWXUDOGUDLQDJHVDQGGLWFKHVZLWKLQWKH+')VLWHDQG

PRGHOLQJLQFOXGHVFKDQQHOVWKDWGUDLQWKHLQWHULRURIWKH+')VLWHWRWKHFRDVWGRZQVWUHDPRI

'(0 GDWDDQGLQIRUPDWLRQLQWKH+')'(,6 )LJXUH 7KHFKDQQHOQHWZRUNXVHGLQWKH

PRGHODFFRUGLQJWRFXUUHQWDQGKLVWRULFDO86*HRORJLFDO6XUYH\PDSVGLJLWDOHOHYDWLRQPRGHO

7KHQHWZRUNRIRSHQFKDQQHOVDQGRWKHUGUDLQDJHIHDWXUHVDWWKHVLWHZDVLPSOHPHQWHGLQWKH



)LJXUH/RFDWLRQRIJURXQGZDWHUZHOOVDWWKH+')VLWH6RXUFH71:5()LJXUH

-XO\

406





-XO\

406



0DKDXOHSX6WDWLRQ7KHJDXJHLVPDLQWDLQHGDVSDUWRIWKH1:6&223SURJUDP 6WDWLRQ&223,'
 ,WLVORFDWHGRQWKHJURXQGDWDQHOHYDWLRQRIPHWHUV IW DERYHVHDOHYHODQGDW1DQG
(



6WDWLRQPDLQWDLQHGDVSDUWRIWKH1DWLRQDO:HDWKHU6HUYLFH 1:6 86&RRSHUDWLYH2EVHUYHU3URJUDP
6WDWLRQ&223,' 7KHJDXJHLVORFDWHGRQWKHJURXQGDWDQHOHYDWLRQRIPHWHUV IW DERYH
VHDOHYHODQGDW1DQG(3UHFLSLWDWLRQGDWDIURPWKLVJDXJHZHUHREWDLQHGRQOLQHIURP12$$¶V
1DWLRQDO&OLPDWLF'DWD&HQWHU 1&'& 





WKH0ƗKƗދXOHSǌZDWHUVKHGZHUHQRWDYDLODEOHUDLQIDOODWWKH/LKXH$LUSRUWJDXJHZDVXVHGDVD

0ƗKƗދXOHSǌJDXJHKDGODUJHJDSV)RUWKHSXUSRVHVRIWKLVDQDO\VLVEHFDXVHKRXUO\GDWDZLWKLQ

DWWKHPRUHORFDO00ƗKƗދXOHSǌJDXJHDQGVLQFHHYHQWKHGDLO\UDLQIDOOUHFRUGDWWKH

:HDWKHU6HUYLFH2IILFH$LUSRUW6WDWLRQZHUHXVHGVLQFHKRXUO\UDLQIDOOGDWDZHUHQRWDYDLODEOH

OLNHWKH0ƗKƗދXOHSǌ9DOOH\RFFXURQVKRUW VXEGDLO\ WLPHVFDOHV5DLQIDOOGDWDIURPWKH/LKXH

+RXUO\UDLQIDOOZDVVLPXODWHGLQWKHPRGHOVLQFHUDLQIDOOUXQRIISURFHVVHVLQDVPDOOZDWHUVKHG

WKHRYHUIORZFRQWDLQPHQWWREHVLPXODWHG HJVHH*URXS,QWHUQDWLRQDOS 

DVVXPHGWRGUDLQWRWKHGLWFKQHWZRUNVLQFHWKH:03GLGQRWSURYLGHVXIILFLHQWGHWDLOWRDOORZ

LQWKHVWRUDJHSRQGH[FHHGHGPLOOLRQJDOORQV 0* 2YHUIORZIURPWKHVWRUDJHSRQGZDV

ZDVDOVRPRGHOHGDQGIORZRYHUWKHVSLOOZD\ZDVVLPXODWHGWRRFFXUZKHQWKHYROXPHRIZDWHU

LGHQWLFDOWRWKHLQIORZUDWHWRWKHSRQG$QHPHUJHQF\RYHUIORZVSLOOZD\LQWKHVWRUDJHSRQG

DVVXPHGLQ6:00PRGHOLQJWKDWWKHLUULJDWLRQH[WUDFWLRQUDWHIURPWKHVWRUDJHSRQGZDV

JSGLQWKHVWRUDJHSRQGDQGLVSURSRVHGWREHXVHGIRULUULJDWLRQDQGIHUWLOL]HU([SRQHQW

EHGUDLQHGWRVXUURXQGLQJSDVWXUHDUHDV/LTXLGHIIOXHQWZRXOGDFFXPXODWHDWDUDWHRI

WKHKHDGTXDUWHUVDUHDWKRXJKUDLQIDOOLQJGLUHFWO\RQWKHURRIVRIKHDGTXDUWHUVEXLOGLQJVZRXOG

SURMHFWFRQGLWLRQ7KHVHWWOLQJSRQGZRXOGDOVRUHFHLYHVWRUPZDWHUUXQRIIIURPDFUHVRI

WKHVHWWOLQJSRQGIRUWKHSURSRVHGSURMHFWFRQGLWLRQDQGJSGIRUWKHFRQWHPSODWHG

HTXLSPHQWLQWKHKHDGTXDUWHUVDUHDUHVXOWLQJLQDGDLO\IORZRIJSGRIZDVWHZDWHUWR

IURPH[LVWLQJJURXQGZDWHUZHOOVDWWKHVLWHZRXOGEHXVHGWRZDVKGRZQ\DUGDUHDVDQG

,QWHUQDWLRQDO*URXS,QWHUQDWLRQDODQG5HG%DUQ&RQVXOWLQJE SRWDEOHZDWHU

$FFRUGLQJWRWKHPRVWUHFHQWYHUVLRQRIWKH+'):DVWH0DQDJHPHQW3ODQ :03  *URXS

WRFRQWDLQZDVKZDWHUDQGDQLPDOZDVWHIURPWKHPLONLQJSDUORUDQGFDOYLQJVKHG )LJXUH 

WKHVLWHLQFOXGLQJDPLONLQJSDUORUDFDOYLQJVKHGDQLPSOHPHQWVKHGDQGWZRSRQGVGHVLJQHG

WKHKHDGTXDUWHUVLVSURSRVHGWRLQFOXGHDFUHVRIGHYHORSHGDUHDLQWKHQRUWKZHVWSRUWLRQRI

7KHSURSRVHGKHDGTXDUWHUVDUHDZDVVLPXODWHGDVSDUWRIWKHSURMHFWFRQGLWLRQ$VQRWHGDERYH

-XO\

LUULJDWLRQSODQLVQRWFOHDU HJVHH*URXS,QWHUQDWLRQDOSS± *LYHQ
DYDLODEOHLQIRUPDWLRQWKHLUULJDWLRQVFKHGXOHDQGYROXPHVDSSOLHGLQWKHSURMHFWFRQGLWLRQ
6:00PRGHOLVEHOLHYHGWREHDUHDVRQDEOHHVWLPDWHRIWKHKLJKHVWZHW\HDULUULJDWLRQUDWHV

VLPLODUDQGWKHWLPLQJDQGPDJQLWXGHRIVWRUPVDWWKHWZRJDXJHVURXJKO\FRUUHVSRQG WKRXJK

ZLWKDVPDOOWLPHODJ 5DLQIDOOZDVDVVXPHGWREHXQLIRUPWKURXJKRXWWKH0ƗKƗދXOHSǌ

ZDWHUVKHGHYHQWKRXJKDYDLODEOHGDWDLQGLFDWHWKDWUDLQIDOOLVJUHDWHUDWKLJKHUHOHYDWLRQVWKDQDW

ORZHUHOHYDWLRQVZLWKLQWKHZDWHUVKHG *LDPEHOOXFDHWDO 

WKHJRDORIWKLVDQDO\VLVWRLGHQWLI\WKHPDJQLWXGHRISRWHQWLDOLPSDFWV

E\WKH*HRJUDSK\'HSDUWPHQWDWWKH8QLYHUVLW\RI+DZDLµLDW0DQRD *LDPEHOOXFDHWDO 

LUULJDWLRQUDWHVVSHFLILHGLQWKH'(,6VLQFHWKH'(,6GLGQRWVSHFLI\LUULJDWLRQUDWHVIRUZHW\HDU

IDFWRURIZDVDOVRXVHGIRU.LNX\XJUDVVWKHFURSSURSRVHGIRUWKH+')

HYDOXDWLQJWKHSURMHFWFRQGLWLRQDUHFRPSOHPHQWDU\DQGDUHLQWHQGHGWRLGHQWLI\WKHUDQJHRI
LPSDFWVWKDWPLJKWEHH[SHFWHGWRUHVXOWIURPWKH+')

8QGHUH[LVWLQJFRQGLWLRQVWKHVXEEDVLQVZLWKLQWKHSURSRVHG+')VLWHZHUHDVVXPHGWREH

VXEMHFWWRIXUURZLUULJDWLRQZKHUHE\ILYHLQFKHVRIZDWHUZHUHDSSOLHGRYHUWKHILUVWWKUHHGD\V

ZDVEDVHGRQUDLQIDOOGDWDWKDWZHUHQRWPHDVXUHGDWWKHVLWHLWVHOIDQGWKDWGLGQRWDFFRXQWIRU
UDLQIDOOYDULDWLRQVZLWKHOHYDWLRQVLQFHORFDOUDLQIDOOGDWDZHUHQRWDYDLODEOHRQDQKRXUO\EDVLV

GD\V ZLWKLQWKHWZRZHHNSHULRGWKHQLUULJDWLRQZDVSRVWSRQHGXQWLOWZRZHHNVDIWHUWKH

UDLQIDOO

ZDVQRWDFFRXQWHGIRULQWKHPRGHOVLQFHDSSOLFDWLRQIORZUDWHVDQGZDWHUFRQWHQWZHUHQRW
VSHFLILHGLQWKH'(,6GRFXPHQWV)LQDOO\([SRQHQWKDVQRWYLVLWHGWKHVLWHDQGREVHUYDWLRQV
FRXOGQRWEHXVHGWRJXLGHWKH6:00PRGHOLQJH[HUFLVH*LYHQWKHVHOLPLWDWLRQVRXU

WKHDFUHVLUULJDWHGE\3LYRWDQGPJGRYHUWKHDFUHVLUULJDWHGE\UHHOJXQ

7RWDOSURMHFWFRQGLWLRQLUULJDWLRQUDWHVZHUHPJG3URMHFWFRQGLWLRQLUULJDWLRQUDWHVZHUH

DSSOLHGDWWKHVLWHIRUHDFKKRXULQWKHVLPXODWLRQSHULRGH[FHSWGXULQJKRXUVZKHQWKHUHZDV

406



FRQWHQWRIFRZXULQDWLRQDQGGHIHFDWLRQLQWKHSDGGRFNDUHDVZDVQRWDFFRXQWHGIRULQWKH



WKHQHWZRUNRIRSHQFKDQQHOVDWWKHVLWH 7KHDSSOLFDWLRQRIPDQXUHVOXUU\WRVHOHFWSDGGRFNV

LUULJDWLRQUDWHVZHUHDSSOLHGPJGRYHUWKHDFUHVLUULJDWHGE\3LYRWPJGRYHU

406

GDWDGHVFULELQJWKHIORZUDWHDQGIDWHRIVKDOORZJURXQGZDWHUGHWDLOHGFURVVVHFWLRQDOGDWDIRU

DQG:03 *URXS,QWHUQDWLRQDODQG5HG%DUQ&RQVXOWLQJES 7KHIROORZLQJ

SUHFLSLWDWLRQRIDQ\DPRXQWLQZKLFKFDVHWKHVLWHZDVQRWLUULJDWHG1RWHWKDWWKHPRLVWXUH

DYDLODEOH HJVWUHDPIORZDQGGLWFKUXQRIIPHDVXUHPHQWVORFDOVRLOLQILOWUDWLRQPHDVXUHPHQWV

8QGHUSURMHFWFRQGLWLRQVLUULJDWLRQZDVPRGHOHGDFFRUGLQJWRWKHUDWHVLGHQWLILHGLQWKH'(,6

7KHPRGHOZDVQRWFDOLEUDWHGWRORFDOFRQGLWLRQVVLQFHWKHGDWDQHHGHGIRUFDOLEUDWLRQZHUHQRW

,WLVLPSRUWDQWWRQRWHWKDWWKH6:00PRGHOLQJKDVVHYHUDOOLPLWDWLRQV7KH6:00PRGHOLQJ

UDLQ,IWKHUHZDVUDLQIDOOJUHDWHUWKDQLQFKHVSHUGD\ HTXLYDOHQWWRILYHLQFKHVSHU

RIHDFKWZRZHHNSHULRGLQWKHPRQWKVRI-XQH-XO\DQG$XJXVWXQOHVVWKHUHZDVVLJQLILFDQW

XQGHUZHW\HDUFRQGLWLRQVLIRSWLPDOLUULJDWLRQZDVDVVXPHG7KHVHWZRDSSURDFKHVWR

,QWKHVXEEDVLQVVXEMHFWWRLUULJDWLRQLUULJDWLRQZDWHUZDVPRGHOHGDVDGGLWLRQDOSUHFLSLWDWLRQ

FRQGLWLRQV,QFRQWUDVW&+0¶VDQDO\VLVZDVLQWHQGHGWRLGHQWLI\LPSDFWVWKDWFRXOGUHVXOW

&+0 ([SRQHQW¶V6:00PRGHODQDO\VLVZDVLQWHQGHGWRLGHQWLI\K\GURORJLFDQG
ZDWHUTXDOLW\LPSDFWVWKDWFRXOGUHVXOWXQGHUSURMHFWFRQGLWLRQVGXULQJDZHWSHULRGDQGXVLQJ

WREHWKHSUHGRPLQDQWYHJHWDWLYHFRYHUDWWKHVLWHEHIRUH.LNX\XJUDVVZDVSODQWHG$FURS

GLIIHUHGIURPWKHDSSURDFKXVHGE\&+0WRHYDOXDWHQXWULHQWLPSDFWVRISURMHFWFRQGLWLRQV

6:00UXQPRQWKO\UHIHUHQFHHYDSRWUDQVSLUDWLRQUDWHVZHUHPXOWLSOLHGE\DFURSIDFWRURI

WRDFFRXQWIRUWKHGLIIHUHQFHEHWZHHQWKHJUDVVUHIHUHQFHDQG*XLQHDJUDVVZKLFKZDVDVVXPHG

1RWHWKDW([SRQHQW¶VDSSURDFKWRPRGHOLQJLUULJDWLRQLQWKHSURMHFWFRQGLWLRQ6:00PRGHO

SHDNRILQFKHVLQ-XO\DQGDORZRILQFKHVLQ)HEUXDU\)RUWKHH[LVWLQJFRQGLWLRQ

7RWDODQQXDOJUDVVUHIHUHQFHHYDSRWUDQVSLUDWLRQDWWKHVLWHZDVUHSRUWHGDVLQFKHVZLWKD

SURGXFHWKHODUJHVWK\GURORJLFDQGZDWHUTXDOLW\LPSDFWVOLNHO\WREHREVHUYHGFRQVLVWHQWZLWK

0RQWKO\JUDVVUHIHUHQFHHYDSRWUDQVSLUDWLRQUDWHVIRUWKHVLWHZHUHREWDLQHGIURPGDWDFRPSLOHG

WKDWZRXOGEHREVHUYHGDWWKHVLWHXQGHUSURMHFWFRQGLWLRQV,QWXUQWKHVHLUULJDWLRQUDWHVZRXOG

*URXS,QWHUQDWLRQDODQG5HG%DUQ&RQVXOWLQJDDQGE VXJJHVWLUULJDWLRQPD\
RFFXUDFFRUGLQJWRDPRUHFRPSOLFDWHGVFKHGXOHZLWKUHGXFHGYROXPHVWKHH[DFWQDWXUHRIWKH

HOHYDWLRQ,QDGGLWLRQWRWDODQQXDOUDLQIDOODPRXQWVDWWKH/LKXHDQG0ƗKƗދXOHSǌJDXJHVDUH

6:00PRGHOLQJ$OWKRXJKWKH:03DQG'(,6$SSHQGL['1XWULHQW%DODQFH$QDO\VLV

-XO\

UHDVRQDEOHVXUURJDWHIRUUDLQIDOODWWKH+')VLWHVLQFHLWLVORFDWHGQHDUE\DQGDWDVLPLODU

-XO\

406







LQILOWUDWLRQPHWKRGDUHSURYLGHGLQ)LJXUHV$DQG$DQG7DEOHV$DQG$RI$SSHQGL[$

FRQGLWLRQVIRUWKH+RUWRQ¶VPHWKRGFDVH6:00PRGHOUHVXOWVIRUWKH&XUYH1XPEHU

7DEOHVDQGVXPPDUL]HWKHPRQWKO\ZDWHUEDODQFHDWWKHVLWHXQGHUWKHWZRPRGHOHG

ZKLFKVKRZWKHDQQXDOZDWHUEDODQFHDWWKHVLWHXQGHUERWKH[LVWLQJDQGSURMHFWFRQGLWLRQV

6:00PRGHOUHVXOWVIRUWKH+RUWRQ¶VPHWKRGLQILOWUDWLRQFDVHDUHLOOXVWUDWHGLQ)LJXUHVDQG

6:000RGHO5HVXOWV

DQGLPSRUWDQWDQGDOVRWRSUHVHQWDUDQJHRISRVVLEOHK\GURORJLFRXWFRPHVDWWKHVLWH

PRGHOLQJZDVLQWHQGHGWRVKRZWKDWDGHWDLOHGK\GURORJLFDQDO\VLVRIWKHVLWHLVERWKSRVVLEOH

-XO\

406





-XO\

406





-XO\















2XWIORZV
6WUHDPIORZ
IURP
XSVWUHDP
0* 













5XQRII
IURP+')
VLWH 0* 















,QILOWUDWLRQWR
JURXQGZDWHU
0* 





























3UHFLSLWDWLRQ ,UULJDWLRQ
0* 
0* 

406



-XQ
-XO
$XJ
6HS
2FW
1RY
'HF
-DQ
)HE
0DU
$SU
0D\
7RWDO

0RQWK

,QIORZV















6WUHDP
IORZIURP
XSVWUHDP
0* 

















(YDSRWUDQ
VSLUDWLRQ
0* 

2XWIORZV
5XQRII
6WUHDPIORZ
IURP
IURP
+')
XSVWUHDP
VLWH
0* 
0* 









































,QILOWUDWLRQWR
JURXQGZDWHU
0* 

7DEOH0RQWKO\ZDWHUEDODQFHLQPLOOLRQVRIJDOORQV 0* IRUSURMHFWFRQGLWLRQVDWWKH
SURSRVHG+')VLWH +RUWRQ¶VPHWKRGIRULQILOWUDWLRQ 6RXUFH([SRQHQW6:00
PRGHOLQJ  



6WUHDP
0RQWK 3UHFLSLWDWLRQ ,UULJDWLRQ IORZIURP (YDSRWUDQ
VSLUDWLRQ
0* 
0* 
XSVWUHDP
0* 
0* 




-XQ




-XO




$XJ




6HS




2FW




1RY




'HF




-DQ




)HE




0DU




$SU




0D\




7RWDO

,QIORZV

7DEOH0RQWKO\ZDWHUEDODQFHLQPLOOLRQVRIJDOORQV 0* IRUH[LVWLQJFRQGLWLRQVDWWKH
SURSRVHG+')VLWH +RUWRQ¶VPHWKRGIRULQILOWUDWLRQ 6RXUFH([SRQHQW6:00
PRGHOLQJ  

-XO\

7DEOH6LPXODWHGSHDNUXQRIIUDWHVGRZQVWUHDPRIWKHSURSRVHG+')VLWH-XQH±0D\
H[LVWLQJDQGSURMHFWFRQGLWLRQV6RXUFH([SRQHQW6:00PRGHOLQJ
 

)RUWKH6:00UXQVWKDWDSSO\+RUWRQ¶VPHWKRGWKHYROXPHRIZDWHULQILOWUDWHGGXULQJWKH

406



GRZQVWUHDPRIWKHSURSRVHG+')VLWHIRUWKHVL[PRVWVLJQLILFDQWUDLQIDOOHYHQWVLQWKHPRGHOHG

UHVXOWRIUDLQHYHQWV7DEOHVXPPDUL]HVH[LVWLQJDQGSURMHFWFRQGLWLRQSHDNUXQRIIUDWHV

7KH6:00PRGHOZDVXVHGWRVLPXODWHIORZUDWHVLQWKH:DLRSLOL6WUHDPWKDWZLOORFFXUDVD

EUDFNHWWKHH[SHFWHGUDQJHRIRXWFRPHVDWWKHVLWHLQWKHDEVHQFHRIFDOLEUDWLRQGDWD

GLIIHUHQWLQILOWUDWLRQPHWKRGVLQ6:00 +RUWRQ¶VPHWKRGDQGWKH&XUYH1XPEHUPHWKRG 

$VQRWHGLQWKH³0HWKRGRORJ\´VHFWLRQLQILOWUDWLRQDQGUXQRIIYROXPHVFRPSXWHGXVLQJWKHWZR

JURXQGZDWHULVDWRUQHDUWKHJURXQGVXUIDFH

0* ZLOOEHJUHDWHUWKDQXQGHUH[LVWLQJFRQGLWLRQV 0* ZKLFKZRXOGRFFXUZKHQ

1XPEHUPHWKRGSUHGLFWVUXQRIIYROXPHVGXULQJWKHVLPXODWLRQSHULRGXQGHUSURMHFWFRQGLWLRQV

DQGWKHVLWHLVDOPRVWFRQVWDQWO\VDWXUDWHGXQGHUSURMHFWFRQGLWLRQVGXHWRLUULJDWLRQ7KH&XUYH

XVLQJWKH&XUYH1XPEHUPHWKRGVLQFHWKLVPHWKRGUHGXFHVLQILOWUDWLRQZKHQVRLOVDUHVDWXUDWHG

FRQGLWLRQV 0* UHODWLYHWRH[LVWLQJFRQGLWLRQV 0* ,QILOWUDWLRQYROXPHVDUHORZHU

)RUWKH6:00UXQVWKDWDSSO\WKH&XUYH1XPEHUPHWKRGLQILOWUDWLRQLVORZXQGHUSURMHFW

FRQGLWLRQSHDNIORZUDWHVGRLQFUHDVHVOLJKWO\IURPH[LVWLQJFRQGLWLRQVVHHEHORZ 

H[LVWLQJFRQGLWLRQVUXQRIIYROXPH 0* IRUWKH+RUWRQ¶VPHWKRGUXQV WKRXJKSURMHFW

VLPXODWHGSURMHFWFRQGLWLRQVUXQRIIYROXPHIURPWKH+')VLWH 0* LVVOLJKWO\ORZHUWKDQ

VRLOVDUHVDWXUDWHG$VDUHVXOWRIWKHKLJKHULQILOWUDWLRQYROXPHXQGHUSURMHFWFRQGLWLRQVWKH

FRQWLQXRXVO\XQGHUSURMHFWFRQGLWLRQVDQGVLQFH+RUWRQ¶VPHWKRGDOORZVLQILOWUDWLRQHYHQZKHQ

FRQGLWLRQV 0* VLQFHZDWHULVDSSOLHGWRWKHVLWH DVUDLQIDOODQGLUULJDWLRQ QHDUO\






















406

IUHTXHQF\RIUDLQIDOOHYHQWVDWWKH+')VLWH



KDYHEHHQXVHGLWDSSHDUVWKDWWKH'(,6PD\KDYHXQGHUHVWLPDWHGUDLQIDOODPRXQWVDQGWKH

GLGQRWGHVFULEHKRZWKHVHGDWDJDSVZHUHDGGUHVVHG%HFDXVHDQLQFRPSOHWHUDLQIDOOUHFRUGPD\

DERYHWKHUDLQIDOOUHFRUGDWWKH0ƗKƗދXOHSǌJDXJHKDVVLJQLILFDQWGDWDJDSVDQG$SSHQGL[(

UHFRUGRIGDLO\UDLQIDOODVPHDVXUHGDWWKH0ƗKƗދXOHSǌJDXJH 71:5(S $VQRWHG

,WDSSHDUVWKDWWKH+')'(,6HYDOXDWLRQRIVXUIDFHZDWHULPSDFWV $SSHQGL[( XWLOL]HGWKH

&RPPHQW$SSHQGL[(RIWKH'(,6HPSOR\HGIODZHGUDLQIDOOGDWD

&RPPHQWVRQ'(,6+\GURORJLF&DOFXODWLRQVLQ$SSHQGL[(



FRQGLWLRQVWKDQXQGHUH[LVWLQJFRQGLWLRQV

\HDU

+RUWRQ¶VPHWKRGIRULQILOWUDWLRQ
([LVWLQJ
3URMHFW
FRQGLWLRQ
FRQGLWLRQ
SHDN
SHDN
,QFUHDVH
GRZQVWUHDP GRZQVWUHDP
UXQRIIUDWH
UXQRIIUDWH
FIV 
FIV 



















H[KLELWJUHDWHUUXQRIIYROXPHVDQGKLJKHUSHDNIORZUDWHVGXULQJVWRUPVXQGHUSURMHFW

ZDWHUDYDLODEOHIRU(7DQGWKXV(7YROXPHVDUHFORVHUWRWKHIXOO(7FDSDFLW\RI0*SHU

&XUYH1XPEHUPHWKRGIRULQILOWUDWLRQ
([LVWLQJ
3URMHFW
FRQGLWLRQ
FRQGLWLRQ
SHDN
SHDN
,QFUHDVH
GRZQVWUHDP GRZQVWUHDP

UXQRIIUDWH
UXQRIIUDWH
FIV 
FIV 



















UHGXFLQJWKHFDSDFLW\RIVRLOVWRDEVRUEUDLQIDOOGXULQJVWRUPHYHQWVWKXVWKHVLWHZRXOGOLNHO\

SURMHFWFRQGLWLRQVGDLO\DSSOLFDWLRQRIZDWHU HLWKHUDVLUULJDWLRQRUDVUDLQIDOO PDNHVPRUH

6WRUP
GXUDWLRQ
KRXUV 

DSSOLFDWLRQRIZDWHUXQGHUWKHSURSRVHGSURMHFWZRXOGFDXVHQHDUO\FRQWLQXRXVVRLOVDWXUDWLRQ

7RWDO
VWRUP
SUHFLSLWD
WLRQ LQ 

SHDNUXQRIIUDWHVZRXOGLQFUHDVHDVDUHVXOWRIWKHSURMHFWE\DVPXFKDV7KHFRQWLQXRXV

H[LVWLQJFRQGLWLRQV 0*YHUVXV0*IRUWKH+RUWRQ¶VPHWKRG6:00UXQV 8QGHU

'DWHRI
PD[LPXP
VWRUP
SUHFLSLWDWLRQ

PHWKRGIRULQILOWUDWLRQLQRUGHUWRVKRZWKHSRWHQWLDOUDQJHRIIORZUDWHV$VVKRZQLQ7DEOH

6LPLODUO\HYDSRWUDQVSLUDWLRQ (7 YROXPHVDUHKLJKHUXQGHUSURMHFWFRQGLWLRQVWKDQXQGHU

RQH\HDUVLPXODWLRQSHULRGLVKLJKHUXQGHUSURMHFWFRQGLWLRQV 0* WKDQXQGHUH[LVWLQJ

SHULRG5HVXOWVDUHSUHVHQWHGIRUUXQVXVLQJERWK+RUWRQ¶VPHWKRGDQGWKH&XUYH1XPEHU

H[LVWLQJFRQGLWLRQV 0* GXHWRWKHLQFUHDVHGLUULJDWLRQUHJLPHSURSRVHGIRUWKHVLWH

-XO\

,UULJDWLRQYROXPHVDUHFRQVLGHUDEO\KLJKHUXQGHUSURMHFWFRQGLWLRQV 0* WKDQXQGHU

-XO\

0* 7KH'(,6$SSHQGL[(DVVXPSWLRQWKDWUXQRIIZRXOGEHRIUDLQIDOORQVWHHSHUVORSHV
DQGRIUDLQIDOORQIODWDUHDVLVDQRYHUVLPSOLILFDWLRQDQGLWLVLQFRUUHFWIRUWKH-XQH
WKURXJK0D\SHULRGDVWKHDQDO\VLVLQ'(,6$SSHQGL[(GLGQRWDFFRXQWIRUWKHHIIHFWVRI
DQWHFHGHQWVRLOPRLVWXUHLUULJDWLRQDQGWKHRIIVLWHGLWFKHVDQGUHVHUYRLU

K\GURORJLFFRQGLWLRQV LHERWKZHWDQGGU\WLPHSHULRGV &DOLEUDWLRQGDWDVKRXOGLQFOXGHORFDO

KRXUO\UDLQIDOOGDWD VHH&RPPHQW VWUHDPIORZGDWDDWNH\SRLQWVLQWKHRSHQFKDQQHOQHWZRUN

RQDQGDURXQGWKHVLWHPRUHFRPSUHKHQVLYHVHDVRQDOPHDVXUHPHQWVRIVKDOORZJURXQGZDWHU

OHYHOVVRLOLQILOWUDWLRQPHDVXUHPHQWVDQGFRPSUHKHQVLYHJHRPHWU\GDWDGHVFULELQJWKH

FORVHO\VSDFHGUDLQIDOOHYHQWV 

406



NHSWVRLOVQHDUVDWXUDWLRQIRUPRVWRIWKH\HDU$VVKRZQLQ7DEOHIRUWKHRQH\HDUVLPXODWLRQ

5XQRIIUDWHVIRUWKHSURSRVHGSURMHFWZHUHKLJKHUWKDQIRUWKHH[LVWLQJFRQGLWLRQVLQFHLUULJDWLRQ

VDWXUDWHGZKHQUDLQRFFXUUHG

GXULQJWKHZHWWHUPRQWKVRI1RYHPEHUDQG0D\DVVRLOVZHUHZHWWHURU

RI0ƗKƗދXOHSǌ5HVHUYRLU,QFRQWUDVWUXQRIIUDWHVXQGHUH[LVWLQJFRQGLWLRQVIUHTXHQWO\H[FHHGHG

-XO\ZDVIUHTXHQWO\OHVVWKDQRIUDLQIDOOGXHDWOHDVWLQSDUWWRWKHDWWHQXDWLQJHIIHFW

RI5XQRIIIURPWKHVWHHSHUZDWHUVKHGDUHDVVXUURXQGLQJWKH+')VLWHGXULQJ-XQHDQG

ZDVIUHTXHQWO\OHVVWKDQRIUDLQIDOOIRUHYHQWVLQWKHUHODWLYHO\GU\PRQWKVRI-XQHDQG-XO\

([SRQHQW¶VK\GURORJLFDQDO\VLVLQGLFDWHVWKDWXQGHUH[LVWLQJFRQGLWLRQVUXQRIIIURPIODWDUHDV

RWKHUIDFWRUV

UDLQIDOOLQWHQVLW\ HJUDLQDPRXQWLQLQFKHVSHUKRXU DQWHFHGHQWVRLOPRLVWXUHFRQGLWLRQVDQG

406



ZKLFKLVLPSRUWDQWLQHYDOXDWLQJUXQRIIUDWHVLQWKH:DLRSLOL6WUHDPGRZQVWUHDPRIWKHVLWH

7KH'(,6$SSHQGL[(K\GURORJLFDQDO\VLVIDLOHGWRFRQVLGHUWKHGUDLQDJHJHRPHWU\RIWKHVLWH

&RPPHQW7KH'(,6K\GURORJLFDQDO\VLVGLGQRWDQDO\]HWKHGUDLQDJH
QHWZRUNDWWKH+')VLWH

UXQRII

GHPRQVWUDWHVWKHLPSRUWDQFHRIWKHVHTXHQFHDQGLQWHQVLW\RIUDLQIDOOHYHQWVLQJHQHUDWLQJ

LPSDFWV ZKLFKDUHGLVFXVVHGLQJUHDWHUGHWDLOEHORZ ([SRQHQW¶V6:00DQDO\VLV

H[DPLQHGWKRXJKWKHVHDUHHVVHQWLDOFRQVLGHUDWLRQVIRUHYDOXDWLQJUXQRIIDQGZDWHUTXDOLW\

7KHLQWHUDQQXDODQGLQWUDDQQXDOYDULDWLRQVLQSURFHVVHVWKDWGHWHUPLQHUXQRIIZHUHQRW

7KHDQDO\VLVLQ'(,6$SSHQGL[(HYDOXDWHGK\GURORJLFSURFHVVHVRQDQDQQXDODYHUDJHEDVLV

&RPPHQW$SSHQGL[(RIWKH'(,6IDLOHGWRFRQVLGHULPSRUWDQW
K\GURORJLFSURFHVVHV

ZKHQVRLOVZHUHQHDUVDWXUDWLRQSULRUWRWKHUDLQIDOO HJGXULQJSHULRGVRILUULJDWLRQRUGXULQJ

DVVXPSWLRQLVXQIRXQGHG6XUIDFHZDWHUUXQRIILVQRWVWULFWO\SURSRUWLRQDOWRUDLQIDOO7KH

DPRXQWDQGWLPLQJRIUXQRIIFDXVHGE\DUDLQIDOOHYHQWGHSHQGVRQWKHDPRXQWRIUDLQIDOOWKH

LQFKHV6:00PRGHOLQJLQGLFDWHGWKHUXQRIIRFFXUUHGLQUHVSRQVHWRORZUDLQIDOODPRXQWV

DPRXQWWRRIUDLQIDOORQIODWDUHDVDQGRIUDLQIDOORQVXUURXQGLQJVWHHSHUDUHDV7KLV

XQGHUERWKH[LVWLQJDQGSURMHFWFRQGLWLRQVUXQRIILVJHQHUDWHGE\UDLQIDOODPRXQWVDVORZDV

H[FHHGVLQFKHV 71:5( 6:00PRGHOLQJSHUIRUPHGE\([SRQHQWVKRZHGWKDW

$WSDJH$SSHQGL[(DVVXPHVWKDWUXQRIIZRXOGRFFXURQO\RQGD\VZKHQWKHUDLQIDOO

$WSDJH$SSHQGL[(PDNHVWKH³ILUVWRUGHUDSSUR[LPDWLRQ´WKDWVXUIDFHZDWHUUXQRIIZLOO

&RPPHQW$SSHQGL[(RIWKH'(,6LQFRUUHFWO\DVVXPHVWKDWRI
UDLQIDOORQIODWDUHDVDQGRIUDLQIDOORQVWHHSHUDUHDVZLOOHQGXSDV
UXQRII

GLWFKHVDQG0ƗKƗދXOHSǌ5HVHUYRLU

&RPPHQW$SSHQGL[(RIWKH'(,6LQFRUUHFWO\DVVXPHVWKDWUXQRIIZRXOG
RFFXURQO\RQGD\VZKHQUDLQIDOOH[FHHGVLQFKHV

UXQRIIIURPWKHIODWDJULFXOWXUDODUHDVDPRXQWHGWRRIWRWDOSUHFLSLWDWLRQ 0*

PRGHODSSOLHGRQDQKRXUO\RUVXEKRXUO\EDVLVRYHUDORQJWLPHSHULRGDQGFRYHULQJDUDQJHRI

K\GUDXOLFIHDWXUHVRIWKHVLWHLQFOXGLQJVWUHDPFKDQQHOV HJWKH:DLRSLOL6WUHDP GUDLQDJH

PRUHWKDQWKHDVVXPHGLQ71:5(  8QGHUSURMHFWFRQGLWLRQV7DEOHVKRZVWKDW

DJULFXOWXUDODUHDVDPRXQWHGWRRIWRWDOSUHFLSLWDWLRQ 0*0* FRQVLGHUDEO\

SHULRGRI-XQHWKURXJK0D\DQGXQGHUH[LVWLQJFRQGLWLRQVUXQRIIIURPWKHIODW

-XO\

+\GURORJLFLPSDFWVRIWKHSURMHFWVKRXOGKDYHEHHQHYDOXDWHGXVLQJDFDOLEUDWHGK\GURORJ\

&RPPHQW$SSHQGL[(RIWKH'(,6IDLOHGWRXVHDFDOLEUDWHGK\GURORJ\
PRGHOWRHYDOXDWHVLWHK\GURORJ\

-XO\

DFUHDUHDZHUHSHUIRUPHG'HWDLOVDQGUHVXOWVRIGUDLQDJHFDOFXODWLRQVIRUWKH
DFUHDUHDVKRXOGEHSURYLGHG

JUD]LQJ´ VHH'(,6$SSHQGL['DWSS WKHORFDWLRQH[WHQWDQGGHVLJQRIWKHVHGUDLQVLV

QRWGHVFULEHG$IWHU+')RSHUDWLRQVFRPPHQFHZDWHUZLOOEHDSSOLHGRYHUPXFKRIWKHVLWH

406



GUDLQHGVRLOVZLOOEHVDWXUDWHGRUQHDUO\VDWXUDWHGPRVWRIWKHWLPH

FRQGLWLRQ6:00PRGHOLQJFRQILUPVWKDWPXFKRIWKHVLWHSDUWLFXODUO\WKHDUHDVZLWKSRRUO\

406



FRQFHQWUDWLRQZDVFDOFXODWHGRUKRZUXQRIIIORZZDVURXWHGWKURXJKGLWFKHV

FKDQQHOVSHULPHWHUFXWRIIGLWFKHVUHVHUYRLUVZDVWHSRQGV KRZWKHWLPHRI

 ,WLVQRWFOHDUZKLFKGUDLQDJHIHDWXUHVZHUHLQFOXGHGLQWKHPRGHO HJGUDLQDJH

6WUHDP DQG0ƗKƗދXOHSǌ'LWFK(DVWZHUHQRWLQFOXGHGRUGHVFULEHGLQWKH'(,6

PRGHOHGDUHDVGUDLQLQJWR³0DKDXOHSX'LWFK:HVW´ ZKLFKLVDFWXDOO\WKH:DLRSLOL

PDLQGLWFKHVWKURXJKWKHVLWHKRZHYHUWRSRJUDSKLFGDWDXVHGWRGHOLQHDWHWKHWZR

 '(,6$SSHQGL[.GHVFULEHVPRGHOLQJFRQGXFWHGWRGHWHUPLQHIORZUDWHVGUDLQLQJWRWZR

ZDWHUVKHGVXUURXQGLQJDQGLQFOXGLQJWKH+')VLWH

 ,QSXWDQGRXWSXWILOHVZHUHQRWSURYLGHGIRUWKH75K\GURORJLFPRGHORIWKHODUJHU

DQDO\]HG«´ HPSKDVLVDGGHG DQGDVVXFKLWLVQRWFOHDUZKHWKHUFDOFXODWLRQVIRUWKH

VXUIDFHRIWKHVHDUHDV>DUHDVZLWKSRRUO\GUDLQHGVRLOV@WRUHGXFHVRLOGU\WLPHDQGUHVWRUH

QHDUO\FRQWLQXRXVO\DQGJURXQGZDWHUHOHYDWLRQVDUHH[SHFWHGWRULVHFRPSDUHGWRWKHH[LVWLQJ

SURYLGHG,QGHHGSDJHRI'(,6$SSHQGL[.VWDWHVWKDW³ORFDOGUDLQDJHIORZVwillEH

VWDWHVWKDW³>G@UDLQVPD\DOVREHLQVWDOOHGDQGXVHGWRUHPRYHQRQQXWULHQWODGHQZDWHUIURPWKH

P 6&6S ,QDVHFWLRQGHVFULELQJSRRUO\GUDLQHGVRLOVRQWKHVLWHWKH'(,6DOVR

DQGWKHGHSWKWRJURXQGZDWHULQVRPHSRUWLRQVRIWKHVLWHKDVEHHQUHSRUWHGWREHDVVKDOORZDV



FRQGLWLRQVLQ'(,6$SSHQGL[.6SHFLILFDOO\WKHIROORZLQJGHWDLOVDUHODFNLQJ

 KDVEHHQUHSRUWHGDV³FXUUHQWO\PDUVKODQG´WKDWFRXOGQRWEHH[FDYDWHG 6&6S 

 'HVLJQFDOFXODWLRQVSHUIRUPHGIRUWKHDFUH+')KHDGTXDUWHUVDUHDZHUHQRW

/LWWOHGHWDLOLVSURYLGHGWRVXSSRUWWKHK\GURORJLFDQDO\VHVFRQGXFWHGIRUH[LVWLQJDQGSURSRVHG

ZLWKLQWKHDSSUR[LPDWHDUHDSURSRVHGIRUVOXUU\ VROLGPDQXUH DSSOLFDWLRQDVVKRZQRQ)LJXUH

VLWH '(,6DWSS±DQG± ,QDGGLWLRQWKHDUHDLQFOXGLQJSDGGRFNVWR LH

&RPPHQW$SSHQGL[.SURYLGHVLQVXIILFLHQWGHWDLOVRQK\GURORJLF
GUDLQDJHGHVLJQFDOFXODWLRQV

&RPPHQWVRQ'(,6+\GURORJLF&DOFXODWLRQVLQ$SSHQGL[.

GUDLQDJHFDOFXODWLRQVIRUWKHZDWHUVKHGDVDZKROHSHUIRUPHGXVLQJWKH75PRGHO

DQGWKHHIIOXHQWVHWWOLQJDQGVWRUDJHSRQGVOLNHO\SHUIRUPHGXVLQJWKHUDWLRQDOPHWKRGDQG  

GUDLQDJHFDOFXODWLRQVIRUWKHDFUH+')KHDGTXDUWHUVDUHDWKDWLQFOXGHVWKHPLONLQJSDUORU

,QWHUQDWLRQDOE ,WDSSHDUVWKDWWZRVHWVRIFDOFXODWLRQVPD\KDYHEHHQSHUIRUPHG  

WKH&RXQW\+\GURORJ\0DQXDOWRVL]HGUDLQDJHLPSURYHPHQWVDWWKHIDFLOLW\ *URXS

$SSHQGL[.RIWKH+')'(,6SUHVHQWVK\GURORJLFFDOFXODWLRQVSHUIRUPHGXVLQJWKHPHWKRGVRI

6LWH'UDLQDJH'HVLJQ&DOFXODWLRQV

-XO\

JURXQGZDWHUGLVFKDUJHVWRDJULFXOWXUDOGLWFKHVGXULQJZHWFRQGLWLRQVQHDUWKHXSSHUHQGRIWKH

FRQGLWLRQVJURXQGZDWHULVZLWKLQVHYHUDOIHHWRIWKHJURXQGVXUIDFHRYHUPXFKRIWKHVLWHDQG

GUDLQHGFRQVLVWLQJLQODUJHSDUWRIFOD\VRLOV VHH'(,6$SSHQGL['DWS± 8QGHUH[LVWLQJ

7KH'(,6DQGDYDLODEOHGDWDLQGLFDWHWKDWVRLOVDWWKH+')VLWHDUHLQPDQ\DUHDVSRRUO\

&RPPHQW6LWHVRLOVDUHH[SHFWHGWREHVDWXUDWHGRUQHDUO\VDWXUDWHG
PXFKRIWKHWLPH

VHH&RPPHQW 

FDOLEUDWHGK\GURORJ\PRGHOXVHGWRHYDOXDWHK\GURORJLFDQGZDWHUTXDOLW\LPSDFWVRIWKHSURMHFW

DUHDVWRWKHVLWH$FRPSUHKHQVLYHDQDO\VLVRIWKHGUDLQDJHQHWZRUNVKRXOGKDYHEHHQSDUWRID

0ƗKƗދXOHSǌ5HVHUYRLULQDWWHQXDWLQJUXQRIIYROXPHVDQGUDWHVIURPWKHVXUURXQGLQJZDWHUVKHG

([SRQHQW¶V6:00DQDO\VLVGHPRQVWUDWHVWKHUROHRIWKHSHULPHWHUGLWFKQHWZRUNDQG

-XO\

406



EHWZHHQWKHIORZUDWHVLQ'(,6$SSHQGL[.DQGIORZUDWHVREWDLQHGXVLQJ6:00PRGHOLQJ

WKHZDWHUVKHG7KHIDLOXUHWRFRQVLGHUWKHVHIHDWXUHVPD\DFFRXQWIRUWKHVLJQLILFDQWGLIIHUHQFHV

WKH+')VLWHRULQWKH0ƗKƗދXOHSǌ5HVHUYRLUDOORIZKLFKDWWHQXDWHUXQRIIK\GURJUDSKVIURP

GUDLQDJHIHDWXUHVVXFKDVWKHURXWLQJRIIORZLQWKHGLWFKHVEHORZWKHVWHHSVORSHVVXUURXQGLQJ

LQGLFDWLRQWKDWWKHK\GURORJ\FDOFXODWLRQVFRQWDLQHGLQ'(,6$SSHQGL[.FRQVLGHUHGLPSRUWDQW

+')SURMHFWVLWH7KHVHUXQRIIUDWHVDUHVXPPDUL]HGLQ7DEOHIRUFRQYHQLHQFH7KHUHLVQR

'(,6$SSHQGL[.SUHVHQWVFDOFXODWHGSHDNUXQRIIUDWHVIRUDSRLQWGRZQVWUHDPRIWKHSURSRVHG

&RPPHQW,WDSSHDUVWKDWLPSRUWDQWZDWHUVKHGIHDWXUHVZHUHQRW
FRQVLGHUHGLQWKHHYDOXDWLRQVFRQWDLQHGLQ'(,6$SSHQGL[.

H[DFHUEDWHGRQFHWKHSURMHFWLVFRQVWUXFWHG

7DEOHRI6:00UHVXOWV DQ\SUREOHPVZLWKWKHH[LVWLQJGUDLQDJHLQIUDVWUXFWXUHPD\EH

FDOFXODWHGGHVLJQIORZUDWHV%HFDXVHSHDNIORZUDWHVPD\LQFUHDVHXQGHUSURMHFWFRQGLWLRQV VHH

,QWHUQDWLRQDOES LWLVLPSRUWDQWWRHYDOXDWHWKHH[LVWLQJLQIUDVWUXFWXUHDJDLQVW

PXFKRIWKHH[LVWLQJGUDLQDJHLQIUDVWUXFWXUHLQSODFHXQGHUSURMHFWFRQGLWLRQV *URXS

GUDLQDJHVWUXFWXUHVDUHDGHTXDWHWRDGGUHVVH[LVWLQJIORZVDQGVLQFHWKH'(,6SURSRVHVWROHDYH

DQGVWUXFWXUHVDWWKHVLWHDUHDGHTXDWH6LQFHLWKDVQRWEHHQHVWDEOLVKHGWKDWWKHH[LVWLQJ

FDOFXODWHGSHDNGHVLJQIORZUDWHVZHUHXVHGWRGHWHUPLQHZKHWKHUH[LVWLQJGUDLQDJHFKDQQHOV

XWLOL]HGLQWKHGHVLJQRIGUDLQDJHLQIUDVWUXFWXUHDWWKH+')VLWHLWGRHVQRWDSSHDUWKDWWKH

$OWKRXJKDPDLQSXUSRVHRI'(,6$SSHQGL[.ZDVWRSURYLGHK\GURORJLFLQIRUPDWLRQWREH

&RPPHQW,WGRHVQRWDSSHDUWKDWFDOFXODWHGSHDNGHVLJQIORZUDWHV
ZHUHXVHGWRHYDOXDWHH[LVWLQJGUDLQDJHVWUXFWXUHVDWWKH+')VLWH

\LHOGHGGLIIHUHQWZHLJKWHGFXUYHQXPEHUVIRUWKHWZRGLIIHUHQWPRGHOUXQV

PDQXDO 86'$SS± WKHGLIIHUHQWFKDUDFWHUL]DWLRQ ³IDLU´YHUVXV³JRRG´ VKRXOGKDYH

FRQGLWLRQVDQG³JRRG´XQGHUSURSRVHGFRQGLWLRQV$VLQGLFDWHGLQ7DEOHFRIWKH75

SURSRVHGFRQGLWLRQVKRZHYHUSDVWXUHFRQGLWLRQVDUHFKDUDFWHUL]HGDV³IDLU´XQGHUH[LVWLQJ

LGHQWLFDO LH IRUDUHDVGUDLQLQJWRWKH0ƗKƗދXOHSǌ'LWFK(DVWXQGHUERWKH[LVWLQJDQG

:HLJKWHGUXQRIIFXUYHQXPEHUVXVHGLQWKHK\GURORJLFDQDO\VLVLQ'(,6$SSHQGL[.ZHUH

&RPPHQW$SSHQGL[.VHHPVWRHPSOR\DQLQFRUUHFW6&6FXUYHQXPEHU
IRUDUHDVGUDLQLQJWR³0DKDXOHSX'LWFK(DVW´

-XO\







5DLQIDOO$PRXQW
LQFKHV 

([LVWLQJ&RQGLWLRQ
3HDN5XQRII5DWH
FIV 






3URMHFW&RQGLWLRQ
3HDN5XQRII5DWH
FIV 
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FRQGLWLRQVE\EHWZHHQ +RUWRQ¶VPHWKRG WRXSWR &XUYH1XPEHUPHWKRG  7DEOH 

VXJJHVWWKDWGRZQVWUHDPSHDNUXQRIIUDWHVIRUODUJHUDLQIDOOHYHQWVZLOOLQFUHDVHXQGHUSURMHFW

5HVXOWVRI([SRQHQW¶V6:00PRGHOZKLFKGRHVDFFRXQWIRUSURSRVHGLUULJDWLRQSUDFWLFHV

DFFRXQWIRUSURSRVHGLUULJDWLRQSUDFWLFHVDQGWKHLUHIIHFWRQDQWHFHGHQWVRLOPRLVWXUHFRQGLWLRQV

,QWHUQDWLRQDOES KRZHYHULWDSSHDUVWKDWWKHDQDO\VLVLQ'(,6$SSHQGL[.IDLOVWR

PDLQWHQDQFHDQGPDWXUDWLRQRIWKHSDVWXUHV´SODQQHGXQGHUSURMHFWFRQGLWLRQV *URXS

SHDNIORZUDWHVXQGHUSURMHFWFRQGLWLRQVLVDWWULEXWHGWRLPSURYHG³WLOODJHFXOWLYDWLRQ

GURSVOLJKWO\ XQGHUSURMHFWFRQGLWLRQVUHODWLYHWRH[LVWLQJFRQGLWLRQV7KLVSDULW\RUGHFUHDVHLQ

7DEOH$SSHQGL[.UHSRUWVWKDWSHDNUXQRIIUDWHVDUHH[SHFWHGWRUHPDLQURXJKO\WKHVDPH RU

LPSDFWRIWKHSURSRVHG+')SURMHFWRQSHDNUXQRIIUDWHVGRZQVWUHDPRIWKHVLWH$VVKRZQLQ

7KHK\GURORJLFPRGHOUHVXOWVUHSRUWHGLQ'(,6$SSHQGL[.PD\XQGHUHVWLPDWHWKHUHODWLYH

&RPPHQW,WDSSHDUVWKDWWKHK\GURORJLFPRGHOLQJLQ'(,6$SSHQGL[.
IDLOHGWRFRQVLGHUWKHLPSDFWRILUULJDWLRQSUDFWLFHVRQVRLOPRLVWXUHDQG
WKXVPD\QRWKDYHUHSUHVHQWHGGHVLJQSHDNIORZUDWHVGRZQVWUHDPRIWKH
+')VLWHDFFXUDWHO\

FIV +RUWRQ¶VPHWKRG DWWKHERWWRPRIWKHZDWHUVKHG

SHULRGZRXOGSURGXFHDSHDNUXQRIIUDWHRIEHWZHHQFIV &XUYH1XPEHUPHWKRG DQG

6:00PRGHOLQJIRUH[LVWLQJFRQGLWLRQVDQGIRUDUDLQIDOOHYHQWRILQFKHVRYHUDKRXU

UHVXOWLQDSHDNUXQRIIUDWHRIFIVGRZQVWUHDPRIWKH+')VLWHKRZHYHU([SRQHQW¶V

)RUH[DPSOH'(,6$SSHQGL[.UHSRUWVWKDWD\HDUKRXUUDLQIDOORILQFKHVZRXOG



\HDUKRXUVWRUP
\HDUKRXUVWRUP
\HDUKRXUVWRUP
\HDUKRXUVWRUP
\HDUKRXUVWRUP

5DLQIDOO)UHTXHQF\DQG
'XUDWLRQ

7DEOH3HDNUXQRIIUDWHVGRZQVWUHDPRIWKHSURSRVHG+')SURMHFWVLWHDVSUHVHQWHGLQ
$SSHQGL[.RIWKH+')'(,66RXUFH*URXS,QWHUQDWLRQDO E 7DEOHV
DQG

-XO\

406

GHVFULSWLRQRISRWHQWLDOLPSDFWV 



VKRXOGEHHYDOXDWHGXVLQJK\GURORJLFPRGHOLQJ VHHFRPPHQWVLQWKHQH[WVHFWLRQIRUIXUWKHU

VHGLPHQWWUDQVSRUWWRWKHQHDUVKRUHRFHDQ3RWHQWLDOLPSDFWVRQHURVLRQDQGVHGLPHQWWUDQVSRUW

WKHHDUWKHQGLWFKHVDQGWKH:DLRSLOL6WUHDPDQGZKLFKLQWXUQZLOOLQFUHDVHWKHSRWHQWLDOIRU

FRUUHVSRQGZLWKDQLQFUHDVHLQIORZYHORFLW\ZKLFKZLOOLQFUHDVHWKHSRWHQWLDOIRUHURVLRQZLWKLQ

LQFUHDVHE\DVPXFKDVDVDUHVXOWRIWKHSURSRVHGSURMHFW$QLQFUHDVHLQIORZUDWHVZLOO

([SRQHQW¶VDQDO\VLVRISHDNIORZUDWHVIURPWKH+')VLWHLQGLFDWHVWKDWSHDNIORZUDWHVPD\

&RPPHQW$SSHQGL[.K\GURORJLFPRGHOLQJIDLOVWRHYDOXDWHSRWHQWLDO
HURVLRQLPSDFWVLQWKH:DLRSLOL6WUHDPGRZQVWUHDPRIWKHSURMHFWVLWH

FRQGLWLRQVDQGSHDNIORZUDWHVIURPWKHVLWH

$VQRWHGLQ&RPPHQWDTXDQWLWDWLYHK\GURORJLFPRGHOLVUHTXLUHGWRHYDOXDWHVRLOPRLVWXUH

-XO\

406



GD\VSHU\HDU DQGWKDW³H[WUHPHSK\VLFDOIDFWRUVLQWKHPDULQHUHFHLYLQJHQYLURQPHQWVKRXOG

ZRXOGEHGLVFKDUJHGDWWKHVKRUHOLQHRQO\GXULQJODUJHVWRUPUXQRIIHYHQWV QRPRUHWKDQWHQ

WKH:DLRSLOL6WUHDP,WFRQFOXGHGWKDWLQFUHDVHGQXWULHQWORDGVHVWLPDWHGLQ'(,6$SSHQGL[(

QHDUVKRUHRFHDQHQYLURQPHQWZKHUHGUDLQDJHIURPWKHSURSRVHG+')VLWHZRXOGGLVFKDUJHYLD

'(,6$SSHQGL[)HPSOR\HGILHOGREVHUYDWLRQVWRDVVHVVSRWHQWLDOZDWHUTXDOLW\LPSDFWVWRWKH

FRQGLWLRQQLWURJHQORDGIURP+') 71:5(S 

QHDUE\3RދLSǌVKRUHOLQHDUHURXJKO\WLPHVDQGWLPHVDVODUJHDVWKHFDOFXODWHGSURMHFW

WKDWHVWLPDWHVRIFXUUHQWGRPHVWLFZDVWHZDWHUDQGODQGVFDSLQJIHUWLOL]HUQLWURJHQORDGVDORQJWKH

RIDERXWDQGLQFUHDVHVLQORDGVRISKRVSKRUXVRIDERXW'(,6$SSHQGL[(QRWHV

ZRXOGEHWUDQVSRUWHGIURPWKHVLWHFRUUHVSRQGLQJWRLQFUHDVHVLQORDGVRIQLWURJHQIURPWKHVLWH

LQGLFDWHWKDWURXJKO\SRXQGVSHU\HDURIQLWURJHQDQGSRXQGVSHU\HDURISKRVSKRUXV

QREDVLVLVSURYLGHGIRUWKHVHHVWLPDWHV 7DNHQDWIDFHYDOXHWKHQXPEHUVLQ'(,6$SSHQGL[(

VKDOORZJURXQGZDWHURUVXUIDFHZDWHUWUDQVSRUWIURPWKHVLWH 71:5(SKRZHYHU

WZRSHUFHQWRIQLWURJHQDQGRQHSHUFHQWRISKRVSKRUXVDSSOLHGDWWKHVLWHZRXOGEHORVWWR

\HDURIQLWURJHQDQGSRXQGVSHU\HDURISKRVSKRUXVZRXOGFLUFXODWHDWWKHVLWHDQGWKDW

VXUIDFHZDWHU8QGHUSURMHFWFRQGLWLRQV'(,6$SSHQGL[(HVWLPDWHVWKDWSRXQGVSHU

SRXQGVRIQLWURJHQDQGSRXQGVRISKRVSKRUXVFXUUHQWO\OHDYHWKHVLWHLQJURXQGZDWHUDQG

XQGHUH[LVWLQJFRQGLWLRQV 71:5(S WKXV'(,6$SSHQGL[(HVWLPDWHVWKDW

RIQLWURJHQDQGSRXQGVSHU\HDURISKRVSKRUXVDUHGLVFKDUJHGIURPWKHVLWHYLDVXUIDFHZDWHU

FRQGLWLRQV 71:5(S '(,6$SSHQGL[(DOVRHVWLPDWHVWKDWSRXQGVSHU\HDU

SKRVSKRUXVDUHGLVFKDUJHGIURPWKHSURSRVHG+')VLWHYLDJURXQGZDWHUXQGHUH[LVWLQJ

'(,6$SSHQGL[(HVWLPDWHVWKDWSRXQGVSHU\HDURIQLWURJHQDQGSRXQGVSHU\HDURI

DGGHGWRWKHVLWHXQGHUSURMHFWFRQGLWLRQVLQWKHIRUPRIFRZPDQXUHDQGFRPPHUFLDOIHUWLOL]HU

FRQFHQWUDWLRQV LHQLWURJHQDQGSKRVSKRUXV VLQFHVLJQLILFDQWTXDQWLWLHVRIQXWULHQWVZRXOGEH

DQGJURXQGZDWHUTXDOLW\7KHDQDO\VLVIRFXVHGRQWKHSRWHQWLDOIRUHOHYDWHGQXWULHQW

71:5&DQG05& SURYLGHGDQDVVHVVPHQWRISRWHQWLDOLPSDFWVWRVXUIDFHZDWHU

,QDGGLWLRQWRWKHK\GURORJLFDQDO\VLVSUHVHQWHGLQ'(,6$SSHQGL[('(,6$SSHQGLFHV(DQG)

6XUIDFH:DWHUDQG*URXQGZDWHU4XDOLW\

-XO\

SKRVSKRUXVDSSOLHGDWWKHVLWHLQWKHIRUPRIPDQXUHDQGFRPPHUFLDOIHUWLOL]HUZRXOGEH³ORVW´

TXDOLW\LPSDFWVDUHH[SHFWHG

406

WUDQVSRUWRQO\³QRQQXWULHQWODGHQZDWHU´



VOXUU\ LIGUDLQVDUHLQVWDOOHGLQWKHVHDUHDVLWLVXQFOHDUKRZWKH\FRXOGEHGHVLJQHGWR

SDGGRFNVZKHUHFRZVZLOOEHSUHVHQWDQGDUHDVWREHLUULJDWHGZLWKOLTXLGDQGVROLGPDQXUH

GHVFULEHGDQGKDVQRWEHHQHYDOXDWHG,QDGGLWLRQDUHDVZLWKSRRUO\GUDLQHGVRLOVLQFOXGH

$SSHQGL['DWSS WKHORFDWLRQH[WHQWDQGGHVLJQRIUHWHQWLRQDUHDVDQGGUDLQVLVQRW

UHPRYHQRQQXWULHQWODGHQZDWHU´IURPDUHDVRIWKHVLWHZLWKSRRUO\GUDLQHGVRLOV VHH'(,6

HYHQW GLYHUVLRQWRDUHWHQWLRQDUHDHWF ´DQG³>G@UDLQV>WKDW@PD\DOVREHLQVWDOOHGDQGXVHGWR

%03V,QDGGLWLRQWKH'(,6GHVFULEHV³PDQDJHPHQWRIVXUIDFHZDWHUDIWHUDVLJQLILFDQWUDLQ

WLPHVDQGH[SHFWHGSHUIRUPDQFH ERWKK\GURORJLFDQGZDWHUTXDOLW\SHUIRUPDQFH RISURSRVHG

SURYLGHGLQFOXGLQJK\GURORJLFFDOFXODWLRQVGHVFULELQJIORZUDWHVIORZYHORFLWLHVUHWHQWLRQ

VDWXUDWLRQZLWKZDWHUDQGZLWKQXWULHQWV ZHUHHYDOXDWHG'HVLJQGHWDLOVIRU%03VVKRXOGEH

IXUWKHUGRHVQRWDSSHDUWKDWFRQGLWLRQVWKDWPD\LPSDFWWKHHIILFLHQF\RI%03V HJVRLO

SURYLGHGLWZDVQRWSRVVLEOHIRU([SRQHQWWRDVVHVVKRZZHOOSODQQHG%03VZLOOSHUIRUP,W

WHUPVRIWKHLULPSDFWVWRUXQRIITXDQWLW\WLPLQJRUZDWHUTXDOLW\%HFDXVHGHVLJQGHWDLOVDUHQRW

GHVLJQGHWDLOVIRUWKHVHIHDWXUHVZHUHQRWSURYLGHGDQGWKHLUHIIHFWLYHQHVVZDVQRWHYDOXDWHGLQ

DUHDZLOOEHIHHWZLGHRQERWKVLGHVRIWKHGUDLQDJHZD\V´ 05&S KRZHYHU

ILOWHUVWULSVDQGEXIIHUSODQWLQJVRQERWKVLGHVRIGUDLQDJHZD\V´DQGWKDW³KHUEDFHRXVFRYHU

'(,6$SSHQGL[)VWDWHVWKDWWKH%HVW0DQDJHPHQW3UDFWLFHV %03V ZRXOGLQFOXGH³VHWEDFNV

&RPPHQW3URSRVHGEHVWPDQDJHPHQWSUDFWLFHVDUHQRWGHVFULEHGLQ
VXIILFLHQWGHWDLODQGWKHLUHIIHFWLYHQHVVLVQRWTXDQWLILHG

&RPPHQWVRQ:DWHU4XDOLW\,PSDFWVRIWKH+')3URMHFW

406



HVWLPDWHGLQWKH'(,6+')IDLOHGWRDQDO\]HWKHH[SHFWHGFRQFHQWUDWLRQVDQGORDGVRIQLWURJHQ

QXWULHQWVOHDYLQJWKHVLWHDQGIORZLQJYLDWKHGUDLQVWRVXUIDFHZDWHUVPD\EHJUHDWHUWKDQ

)XUWKHULIGUDLQVDUHLQVWDOOHGDWWKHVLWH VHH'(,6$SSHQGL['DWSS WKHTXDQWLW\RI

QRWRSWLPDO²DVLVOLNHO\LQDQDFWXDOZHW\HDU²WKHQORDGVIURPWKHVLWHZRXOGOLNHO\EHKLJKHU

XQGHURSWLPDOFRQGLWLRQVQXWULHQWORVVIURPWKHVLWHLVH[SHFWHGWREHVLJQLILFDQW,ILUULJDWLRQLV

RSWLPDO LH&+0DGMXVWHGLUULJDWLRQUDWHVIURPWKH'(,6WRRSWLPDOLUULJDWLRQUDWHV HYHQ

&+0¶VFDOFXODWHGQXWULHQWORDGVDUHUHSUHVHQWDWLYHRIZHW\HDUFRQGLWLRQVLQZKLFKLUULJDWLRQLV

WKDQWKHRQHDQGWZRSHUFHQWORVVHVDVVXPHGLQ'(,6$SSHQGL[( &+0 $OWKRXJK

GLPLQLVKHG &+0¶VDQDO\VLVVKRZVWKDWQXWULHQWORVVHVDUHH[SHFWHGWREHVLJQLILFDQWO\ODUJHU

VXUIDFHZDWHUZRXOGEHVLJQLILFDQWSDUWLFXODUO\GXULQJWKHZLQWHUPRQWKV ZKHQSODQWJURZWKLV

WKH+')VLWH LHDSSOLHGQXWULHQWVWKDWDUHQRWWDNHQXSE\JUDVV LQVKDOORZJURXQGZDWHUDQG

7KHQXWULHQWDQDO\VLVFRQGXFWHGE\&+0VKRZVWKDWQXWULHQWORDGVDYDLODEOHIRUWUDQVSRUWIURP

&RPPHQW4XDQWLWDWLYHDQDO\VLVVKRZVWKDWQXWULHQWORVVHVIURPWKH
+')VLWHLQJURXQGZDWHUDQGVXUIDFHZDWHUXQGHUSURMHFWFRQGLWLRQVZRXOG
EHPXFKODUJHUWKDQWKHDVVXPHGDQGORVVHV

FRQGXFWHG

RIQXWULHQWVDQGZDWHUTXDOLW\LPSDFWVWRUHFHLYLQJZDWHUV1RXQFHUWDLQW\RUHUURUDQDO\VLVZDV

SHUFHQWRIQXWULHQWVWKDWZLOOEHORVWIURPWKHVLWHZRXOGWUDQVODWHWRVLJQLILFDQWDGGLWLRQDOORDGV

SURSRVHGWREHDSSOLHGDWWKH+')VLWHHYHQVPDOOHUURUVLQWKHDVVXPSWLRQVUHJDUGLQJWKH

ZDWHUOHDYLQJWHVWSORWVZHUHUHSRUWHG*LYHQWKHODUJHTXDQWLWLHVRIQLWURJHQDQGSKRVSKRUXV

 1RPHDVXUHPHQWVRIQLWURJHQDQGSKRVSKRUXVFRQFHQWUDWLRQVLQJURXQGZDWHURUVXUIDFH

FRQVLGHUJUDVVXSWDNHDQGJURZWKUDWHVZKLFKDUHH[SHFWHGWRYDU\VHDVRQDOO\ VHH&+0

DUHQRWFRQVLGHUHGEXWZLOOEHLPSRUWDQW)RUH[DPSOHWKHQXWULHQWORVVUDWHVGRQRWDSSHDUWR

ORVVUDWHVDUHDVVXPHGWRDSSO\DVDORQJWHUP SHUKDSVDQQXDO DYHUDJHDQGVHDVRQDOORVVUDWHV

QREDVLVLVSURYLGHGIRUWKHVHDVVXPSWLRQVUHJDUGLQJQXWULHQWORVV,QDGGLWLRQLWDSSHDUVWKHVH

WUDQVSRUWHGIURPWKHVLWH LQVKDOORZJURXQGZDWHUDQGVXUIDFHZDWHUOHDYLQJWKHVLWHKRZHYHU

$VQRWHGDERYH'(,6$SSHQGL[(DVVXPHGWKDWWZRSHUFHQWRIQLWURJHQDQGRQHSHUFHQWRI

UHVSHFWWRLQGLFDWRUEDFWHULDWKXV'(,6$SSHQGL[)DVVHUWVWKDWQRVLJQLILFDQWQHDUVKRUHZDWHU

SRLQWRIGLVFKDUJHIURPWKHGLWFK´ 05&S $VLPLODUFRQFOXVLRQZDVGUDZQZLWK

&RPPHQW$VVXPSWLRQVDERXWQLWURJHQDQGSKRVSKRUXVORVVHVIURP
WKH+')VLWHDUHXQIRXQGHG

-XO\

UHVXOWLQPL[LQJRIVXUIDFHZDWHUWREDFNJURXQGPDULQHFRQGLWLRQVZLWKLQDVPDOODUHDQHDUWKH

-XO\

406

UHDOLVWLFEDVHOLQHFRQGLWLRQ



WKXVZDWHUTXDOLW\VDPSOLQJGRHVQRWFDSWXUHZHWZHDWKHUFRQGLWLRQVDQGGRHVQRWUHSUHVHQWD

HQWHUWKHRFHDQLQWKHIRUPRIDSOXPHZKLFKZLOOGLOXWHPRUHVORZO\WKDQGU\ZHDWKHUIORZV

H[SHFWHGWREHORZ'XULQJZHWZHDWKHUHYHQWVVWUHDPIORZVIURPWKH:DLRSLOL6WUHDPZLOO

KRZHYHUVDPSOLQJZDVFRQGXFWHGRQO\GXULQJGU\ZHDWKHUZKHQSROOXWDQWFRQFHQWUDWLRQVDUH

GRZQVWUHDPFRDVWDORFHDQDUHDVZDVFRQGXFWHGWRHVWDEOLVKH[LVWLQJEDVHOLQHFRQGLWLRQV

'(,6$SSHQGL[) 05& UHSRUWVWKDWZDWHUTXDOLW\VDPSOLQJLQWKH:DLRSLOL6WUHDPDQG

&RPPHQW:DWHUTXDOLW\VDPSOLQJUHSRUWHGLQ'(,6$SSHQGL[)GRHV
QRWUHSUHVHQWWKHUDQJHRIEDVHOLQHFRQGLWLRQVH[SHFWHG

SURYLGHGWRVXSSRUWWKHFDOFXODWLRQVRIQXWULHQWORDGVIURPRWKHUVRXUFHV

WKHVHYDULRXVVRXUFHVDUHDOVROLNHO\WRYDU\ZLGHO\UHIHUHQFHVDQGFDOFXODWLRQVVKRXOGEH

ZHOOVKRXVHKROGFHVVSRROVDQGVHSWLFWDQNOHDFKILHOGV\VWHPV DQGEHFDXVHIORZUDWHVIURP

VRXUFHVGHVFULEHGLQ'(,6$SSHQGL[( 71:5( YDU\ZLGHO\ LHDXWKRUL]HGGLVSRVDO

FRQVLGHUHGWKHOHYHORIWUHDWPHQWJLYHQWRZDVWHZDWHUVRXUFHVSULRUWRLQMHFWLRQ%HFDXVHWKH

HQYLURQPHQW´ 71:5(S ,WLVQRWFOHDUKRZWKHVHYDOXHVZHUHGHULYHGRULIWKH\

DQGWZR  SHUFHQWRIWKHSKRVSKRUXV>IURPGRPHVWLFZDVWHZDWHU@HQWHUWKHPDULQH

WKHGRPHVWLFZDVWHZDWHUDUHDQGPJ/UHVSHFWLYHO\´RUWKDW³SHUFHQWRIWKHQLWURJHQ

UHIHUHQFHVRUGDWDWRVXSSRUWWKHDVVXPSWLRQVWKDW³QLWURJHQDQGSKRVSKRUXVFRQFHQWUDWLRQVLQ

DQGODQGVFDSHIHUWLOL]HUWRWKHRFHDQDORQJWKH3RދLSǌFRDVWOLQH'(,6$SSHQGL[(SURYLGHVQR

1REDVLVLVSURYLGHGLQ'(,6$SSHQGL[(IRUWKHORDGVRIQXWULHQWVIURPGRPHVWLFZDVWHZDWHU

&RPPHQW&DOFXODWLRQVRIWKHQXWULHQWFRQWHQWRIGRPHVWLFZDVWHZDWHU
DQGODQGVFDSHIHUWLOL]HUDORQJWKH3RދLSǌFRDVWOLQHDUHXQVXSSRUWHG

SKRVSKRUXVLQUXQRIIDQGLQJURXQGZDWHUIORZVIURPWKHVLWH

K\GURORJLFPRGHOLQJWRHVWLPDWHPRQWKO\DQGDQQXDOORDGVDQGFRQFHQWUDWLRQVRIQLWURJHQDQG

DQDO\VLVRIQXWULHQWVDWWKHVLWHVKRXOGEHFRQVLGHUHGWRJHWKHUZLWKWKHUHVXOWVRITXDQWLWDWLYH

DQGSKRVSKRUXVLQVXUIDFHDQGJURXQGZDWHUGLVFKDUJHVIURPWKHVLWH7KHUHVXOWVRIDGHWDLOHG

-XO\

406

VXSSRUWRIWKLVFODLP



HYDOXDWHSRVWSURMHFWDQWLFLSDWHGQXWULHQWRUSDWKRJHQFRQFHQWUDWLRQVLQWKHVWUHDPRURFHDQLQ

'(,6$SSHQGL[)DWS KRZHYHUQRTXDQWLWDWLYHPRGHOLQJRUDQDO\VLVZDVFRQGXFWHGWR

6WUHDPWREDFNJURXQGPDULQHFRQFHQWUDWLRQVZLWKLQDVPDOODUHDQHDUWKHSRLQWRIGLVFKDUJH

HQYLURQPHQW³VKRXOGUHVXOW´LQUDSLGPL[LQJRIVXUIDFHZDWHUFRQWDPLQDQWVLQWKH:DLRSLOL

LQVWHDGDQGJHQHUDOO\WKDW³H[WUHPHSK\VLFDOIDFWRUV´LQWKHPDULQHUHFHLYLQJZDWHU

VXUIDFHZDWHUIORZV'(,6$SSHQGL[)GRHVQRWHYDOXDWHWKHVHWZRVRXUFHVVHSDUDWHO\DVVHUWLQJ

$VQRWHGDERYHQXWULHQWVZLOOEHFDUULHGWRWKHQHDUVKRUHRFHDQLQERWKJURXQGZDWHUDQGLQ

TXDQWLWDWLYHDQGUHOLHVXSRQWKHXQIRXQGHGDVVXPSWLRQVDQGFDOFXODWLRQVSUHVHQWHGLQWKH'(,6

7KHZDWHUTXDOLW\LPSDFWDVVHVVPHQWLQ'(,6$SSHQGL[) 05& LVTXDOLWDWLYHQRW

&RPPHQW$SSHQGL[)IDLOVWRSURYLGHTXDQWLWDWLYHVXSSRUWIRULWV
DVVHVVPHQWRIZDWHUTXDOLW\LPSDFWV

VLWHLIVXEVHTXHQWPRQLWRULQJGHWHUPLQHVLPSDFWVDUHRFFXUULQJ

UHPRYDORIGDLU\FRZVRUFHVVDWLRQRIWKHODQGDSSOLFDWLRQRIOLTXLGDQGRUVROLGPDQXUHDWWKH

QHHGVWRVSHFLI\LQGHWDLOWKHDFWLRQVWKDWZLOOEHWDNHQSRWHQWLDOO\XSWRDQGLQFOXGLQJWKH

VLJQLILFDQWDQGWKHUHOHYDQWWKUHVKROGVWREHXVHGIRUGHWHUPLQLQJVLJQLILFDQFH)LQDOO\+')

DYDLODEOHWRUHJXODWRU\DJHQFLHVDQGWKHSXEOLFWKHSURFHVVIRUGHWHUPLQLQJLILPSDFWVDUH

RIFXVWRG\SURWRFROV+')VKRXOGDOVRLQGLFDWHKRZDQGZKHQVDPSOHUHVXOWVZLOOEHPDGH

VDPSOLQJGHVLJQLQFOXGLQJVDPSOHORFDWLRQVVDPSOHKDQGOLQJDQGDQDO\VLVPHWKRGVDQGFKDLQ

H[LVWLQJFRQGLWLRQV HJGXULQJZHWZHDWKHU +')VKRXOGDOVRVSHFLI\WKHGHWDLOVRIWKHLU

PRQLWRULQJ+')VKRXOGFRQGXFWDGGLWLRQDOEDVHOLQHVDPSOLQJWRFKDUDFWHUL]HWKHIXOOUDQJHRI

XVHGDQGGRHVQRWSURYLGHDPRQLWRULQJDQGDQDO\VLVSODQIRUDGGLWLRQDO SRVWSURMHFW 

H[LVWLQJFRQGLWLRQV,QDGGLWLRQWKH'(,6GRHVQRWGHVFULEHKRZEDVHOLQHPRQLWRULQJZLOOEH

FRQGLWLRQVRQO\WKXVEDVHOLQHPRQLWRULQJLVQRWVXIILFLHQWWRGHVFULEHZDWHUTXDOLW\XQGHU

%DVHOLQHPRQLWRULQJZDVFRQGXFWHGRQDOLPLWHGQXPEHURIRFFDVLRQVDQGGXULQJGU\ZHDWKHU

&RPPHQW7KH'(,6GRHVQRWGHVFULEHKRZEDVHOLQHPRQLWRULQJZLOOEH
XVHGWKHPRQLWRULQJDQGVDPSOLQJUHJLPHSURSRVHGWRHYDOXDWHSURMHFW
LPSDFWVZKHWKHUVDPSOLQJGDWDJDWKHUHGDIWHUWKHSURMHFWLVLPSOHPHQWHG
ZLOOEHVKDUHGZLWKDJHQFLHVRUWKHSXEOLFRUWKHDFWLRQVWKDWZLOOEHWDNHQ
LIZDWHUTXDOLW\LPSDFWVDUHREVHUYHG

-XO\

³$GGLWLRQDO&RQVLGHUDWLRQV5HODWHGWR:DWHU4XDOLW\´EHORZIRUPRUHRQDQWLGHJUDGDWLRQ
UHTXLUHPHQWV 

IORZHYHQWVZKLFKZLOOUHVXOWLQDGLVFKDUJHSOXPHWKDWPD\KXJWKHVKRUHOLQHDQGWKDWLV

SDWKRJHQVWUDQVSRUWHGWRWKHQHDUVKRUHRFHDQHQYLURQPHQWDVDUHVXOWRIWKH+')SURMHFWZLOO
LQFUHDVH*LYHQWKDW([SRQHQW¶V6:00PRGHOLQJUHVXOWVHVWLPDWHLQFUHDVHVLQSHDNUXQRII
UDWHVXQGHUSURMHFWFRQGLWLRQV UDQJLQJIURP>KLJKLQILOWUDWLRQ@WR>ORZLQILOWUDWLRQ@ 
LWLVH[SHFWHGWKDWVHGLPHQWFRQFHQWUDWLRQVDQGORDGVWRWKHQHDUVKRUHHQYLURQPHQWZRXOGDOVR

VRXUFHRIQXWULHQWVWRWKHQHDUVKRUHHQYLURQPHQW)LQDOO\WKH'(,6GLGQRWFRQVLGHUFKHPLFDO

DQGELRORJLFDOUHDFWLRQVWKDWPD\RFFXUZLWKLQWKHJURXQGZDWHUDORQJWKHIORZSDWKIURPWKH

+')WRWKHRFHDQ7KH'(,6VKRXOGXVHTXDQWLWDWLYHPRGHOLQJDQGDQDO\VLVWRHYDOXDWHWKH

ZDWHUTXDOLW\LPSDFWVGXHWRQXWULHQWVSDWKRJHQVDQGVHGLPHQWRQWKHRFHDQHQYLURQPHQW

PDJQLWXGHRILPSDFWVWRFRUDODQGPDULQHOLIHFDQQRWEHHYDOXDWHG VHH([SRQHQWDDQG

406



FODVVLILHGDV&ODVV$ZDWHUV '2+ WKXVDQWLGHJUDGDWLRQUHJXODWRU\FRQVLGHUDWLRQVPD\

FRDVWQHDUWKHRXWOHWIURPWKH:DLRSLOL6WUHDPDUHFRQVLGHUHGKLJKTXDOLW\RFHDQZDWHUVDQGDUH

WKHQXPEHUDQGPDJQLWXGHRIH[FHHGDQFHVRIZDWHUTXDOLW\VWDQGDUGV2FHDQZDWHUVDORQJWKH

FRQVWLWXHQWV,QFUHDVHGQXWULHQWDQGSDWKRJHQORDGVWRWKHQHDUVKRUHHQYLURQPHQWZLOOZRUVHQ

FRQFHQWUDWLRQVH[SHFWHGWRRFFXULQUHFHLYLQJZDWHUVDJDLQVWZDWHUTXDOLW\VWDQGDUGVIRUWKHVH

IURPWKH+')WRWKH:DLRSLOL6WUHDPRUWKHQHDUVKRUHRFHDQDQGKDVQRWFRPSDUHGH[SHFWHG

406



WUHDWPHQWDUHDRUDHUDWLRQUDWHVEDVHGRQ%2'ORDGLQJ ,IWKH\DUHWREHLPSOHPHQWHGGHWDLOV

GHSWKUHTXLUHPHQWVYROXPHUHTXLUHPHQWVIRUDQWLFLSDWHGYRODWLOHVROLGVORDGLQJUDWHVPLQLPXP

DQDHURELFIHDWXUHVRUKRZWKHUHTXLUHPHQWVRIWKH15&6PHDVXUHVZLOOEHPHW HJPLQLPXP

RSHUDWHG,WLVQRWFOHDULIWKH+')KDVGHVLJQHGWKHHIIOXHQWSRQGVWRIXQFWLRQDVDHURELFRU

IHDWXUHVDUHQRWGHVFULEHGLQGHWDLOLQWKHUHSRUWDQGLWLVQRWFOHDUKRZWKH\ZRXOGEHVL]HGDQG

LQWKHHIIOXHQWSRQGVLQFOXGLQJDHUDWLRQDUHLQFOXGHGLQDQDSSHQGL[WRWKH:03EXWWKHVH

+')KDVQRWHYDOXDWHGWKHFRQFHQWUDWLRQVRISDWKRJHQVQXWULHQWVRUVHGLPHQWLQGLVFKDUJHV

*HQHULF15&6PHDVXUHV :DVWH7UHDWPHQW/DJRRQVWDQGDUGV DLPHGDWLPSURYLQJZDWHUTXDOLW\

PD\EHKLJKHUWKDQSUHVHQWHGLQ&+0  

&RPPHQW0HDVXUHVDLPHGDWDPHOLRUDWLQJZDWHUTXDOLW\LQWKHHIIOXHQW
SRQGVDUHXQFOHDUDQGLQDGHTXDWHO\GHVFULEHG

,I+')¶VRSHUDWLRQVGRQRWIROORZWKHVHDVVXPSWLRQVORDGVRIQXWULHQWVLQUXQRIIIURPWKHVLWH

UHJDUGLQJWKHLUULJDWLRQUDWHVDW+') LHWKDWLUULJDWLRQZDWHUZLOOEHDSSOLHGDWRSWLPDOUDWHV 

H[SHFWHGWREHVLJQLILFDQWDQGZLOOYDU\VHDVRQDOO\ &+0 &+0PDGHDVVXPSWLRQV

FIRUIXUWKHULQIRUPDWLRQRQSDWKRJHQDQGHFRORJLFDOLPSDFWV 

HURVLRQVHGLPHQWWUDQVSRUWQXWULHQWORDGLQJVDQGSDWKRJHQORDGLQJVWRWKHRFHDQWKH

IURPWKHGDLU\PD\SHUVLVWLQWKHHQYLURQPHQW7KHVHLPSDFWVZHUHQRWHYDOXDWHGLQWKH'(,6

,QDGGLWLRQ&+0¶VDQDO\VLVLQGLFDWHVWKDWQLWUDWHDQGSKRVSKRUXVORDGVIURPWKHVLWHDUH

ERWKKXPDQDQGHFRORJLFDOKHDOWK:LWKRXWDGHWDLOHGHYDOXDWLRQRIWKHSRWHQWLDOLPSDFWVRI

FRQFHQWUDWLRQVDQGORDGLQJVIURPWKHGDLU\DUHH[SHFWHGWREHVLJQLILFDQWDQGWKDWSDWKRJHQV

LPSDFWVRQWKHQHDUVKRUHRFHDQKDYHQRWEHHQHYDOXDWHGDQGPD\UHVXOWLQVLJQLILFDQWLPSDFWVWR

RFHDQLVQRWHYDOXDWHGLQWKH'(,6,QDGGLWLRQQXWULHQWSDWKRJHQDQGVHGLPHQWWXUELGLW\

([SRQHQW¶VDQDO\VLVRISDWKRJHQLPSDFWV VHH([SRQHQWD LQGLFDWHVWKDWSDWKRJHQ

&RPPHQW([SRQHQW¶VTXDQWLWDWLYHDQDO\VLVVKRZVWKDWWKH+')SURMHFW
ZRXOGUHVXOWLQVLJQLILFDQWVXUIDFHZDWHUTXDOLW\LPSDFWV

LQFUHDVHXQGHUSURMHFWFRQGLWLRQV7KHDPRXQWDQGIDWHRIDGGLWLRQDOVHGLPHQWWUDQVSRUWHGWRWKH

([SRQHQW¶VVXUIDFHZDWHUTXDOLW\DQDO\VLVVKRZVWKDWFRQFHQWUDWLRQVDQGORDGVRIQXWULHQWV

VXUIDFHZDWHUIORZVJURXQGZDWHUIORZVWRWKHRFHDQUHSUHVHQWDORQJWHUPFRQWLQXRXVRQJRLQJ

JURXQGZDWHUZHUHQRWHYDOXDWHGHLWKHULQWHUPVRIFRQFHQWUDWLRQRUPDVVORDGLQJ,QFRQWUDVWWR

&RPPHQW:DWHUTXDOLW\LPSDFWVRIWKH+')SURMHFWPD\KDYHLPSDFWV
RQFRUDODQGPDULQHOLIHWKDWZHUHQRWLGHQWLILHGRUHYDOXDWHGLQWKH'(,6

QHDUVKRUHRFHDQRILQFUHDVHGJURXQGZDWHUIORZUDWHVDQGRILQFUHDVHGQXWULHQWFRQFHQWUDWLRQVLQ

XQOLNHO\WREHGLVSHUVHGLPPHGLDWHO\ZHUHQRWHYDOXDWHG6LPLODUO\WKHLPSDFWVWRWKH

DOVRDSSO\VLQFHWKHSURMHFWZLOOUHVXOWLQGHJUDGDWLRQRIUHFHLYLQJZDWHUV VHHWKHVHFWLRQWLWOHG

QHDUVKRUHHQYLURQPHQWZKHUHWKH:DLRSLOL6WUHDPHQWHUVWKHRFHDQ7KHLPSDFWVRIZHWZHDWKHU

-XO\

:HWZHDWKHUHYHQWVZLOOGHOLYHUHSLVRGLF³SXOVHV´RIIUHVKZDWHUQXWULHQWVDQGSDWKRJHQVWRWKH

-XO\

*URXS,QWHUQDWLRQDOS KRZHYHUDUHFHQWOHWWHUIURPWKH+DZDLL'HSDUWPHQWRI

FRZFRQILJXUDWLRQZKHQWKH'(,6LQGLFDWHVWKDWVOXUU\ZRXOGEHDSSOLHGRYHUDODUJHSRUWLRQRI
WKHVLWHLQFOXGLQJWKHVRXWKZHVWFRUQHURIWKHVLWHQHDUHVWWKH.DZDLORDSURSHUWLHV7KH'(,6
VKRXOGEHDPHQGHGWRLQFOXGHDGHWDLOHGDQGTXDQWLWDWLYHGHVFULSWLRQRIKRZVROLGDQGOLTXLG
PDQXUHLQWKHVHWWOLQJDQGVWRUDJHSRQGVZLOOEHKDQGOHGRQVLWH

VHWWOLQJSRQGZRXOGEHDQDHURELFDQGWKHVWRUDJHSRQGZRXOGEHHLWKHUDHURELF ZKLFKZRXOGEH

GLIILFXOWWRPDLQWDLQJLYHQWKHWZRSRQGGHVLJQ RUDQDHURELFDWWKHERWWRPRIWKHSRQGDQG

DHURELFDWWKHWRS$QDHURELFFRQGLWLRQVLQWKHVHWWOLQJSRQG DQGSHUKDSVWKHVWRUDJHSRQG 

406



,QGHHGWKHSXUSRVHRIWKHVWLUUHUSXPSLVQRWFOHDU7KHREMHFWLYHPD\EHWRPLQLPL]HWKHIRUPDWLRQRIFUXVWRQ
WKHVXUIDFHRIWKHVHWWOLQJSRQG,WVKRXOGEHQRWHGWKDWWKHPDMRULW\RIVHWWOHDEOHVROLGVZLOODFFXPXODWHRQWKH
ERWWRPRIWKHSRQGZLWKLQDIHZKRXUVWKHUHIRUHRSHUDWLQJDVWLUUHUIRUKRXUVSHUGD\ZLOOQRWEHHIIHFWLYHLQ
EUHDNLQJXSDOOVROLGVLQWKHSRQGQRUZRXOGLWEHFRQVLVWHQWZLWKWKHLQWHQWRID³VHWWOLQJSRQG´



$OWKRXJKWKH'(,6DSSHDUVWRDYRLGWKHWHUP³ZDVWHZDWHUWUHDWPHQW´LQUHIHUULQJWRWKHSRQGVDWWKHVLWHWKH
:03LQFOXGHVDVHFWLRQ 6HFWLRQ HQWLWOHG³:DVWHZDWHU7UHDWPHQW´ZKLFKLQFOXGHVVXEVHFWLRQVRQ
³(IIOXHQW0DQXUH9ROXPH´³(IIOXHQW3RQGV´³(IIOXHQW$SSOLFDWLRQ´DQG³'H6OXGJLQJ´$VGHVFULEHGLQWKH
WH[WWKH:03DOVRLQFOXGHVWKH15&6:DVWH7UHDWPHQW/DJRRQVWDQGDUGV





RIWKHVHPHDVXUHV

ZDWHUTXDOLW\FRQWUROPHDVXUHVDQGGHWDLOHGFDOFXODWLRQVGHVFULELQJWKHDQWLFLSDWHGHIIHFWLYHQHVV

HYDOXDWHG7KH'(,6VKRXOGLQFOXGHDGHWDLOHGGHVFULSWLRQRIWKHVL]LQJGHVLJQDQGRSHUDWLRQRI

TXDOLW\FRQWUROPHDVXUHVWREHHPSOR\HGDWWKH+')ZDWHUTXDOLW\ZLWKLQWKHSRQGVFDQQRWEH

TXDOLW\ZLWKLQWKHVHWWOLQJDQGVWRUDJHSRQGVDQGZLWKRXWDGHWDLOHGGHVFULSWLRQRIWKHZDWHU

'(,6LQFOXGHVQRGLVFXVVLRQRIWKHP:LWKRXWDTXDQWLWDWLYHDQDO\VLVRIDQWLFLSDWHGZDWHU

E 7KHVHSRQGFRQGLWLRQVVKRXOGKDYHEHHQIXOO\HYDOXDWHGLQWKH'(,6KRZHYHUWKH

406



LWLVQRWFOHDUKRZVROLGVIURPWKHVHWWOLQJSRQGZLOOEHGLVSRVHGRISDUWLFXODUO\IRUWKH

QXWULHQWFRQFHQWUDWLRQV$VDUHVXOWWKHUHLVDKLJKOLNHOLKRRGWKDWLILPSURSHUO\PDQDJHGWKH



WKHGLVWULEXWLRQRIVROLGZDVWHVIURPWKHVHWWOLQJSRQGYLDLUULJDWLRQJXQ*LYHQ+'2+¶VVWDQFH

0DQXUHDQGDQLPDOZDVWHFRQWDLQDKLJKELRFKHPLFDOR[\JHQGHPDQG %2' LQDGGLWLRQWRKLJK



XVHGWRGLVWULEXWHZDVWHZDWHUHIIOXHQWIURPWKHVWRUDJHSRQGWKHQ+'2+ZRXOGDOVRSURKLELW

FRQFUHWHLVSURSRVHGLQRUGHUWRPDQDJHWKHZDWHUTXDOLW\RIWKHVHWWOLQJDQGVWRUDJHSRQGV

ZRXOGOLNHO\JHQHUDWHVXEVWDQWLDORGRUVWKDWFRXOGLPSDFWRIIVLWHSURSHUWLHV VHHDOVR([SRQHQW

LUULJDWH«LIJXQLUULJDWLRQLVSURSRVHG´ +'2+ 3UHVXPDEO\LIJXQLUULJDWLRQPD\QRWEH

VROLGVLQWKHVHWWOLQJSRQG´ *URXS,QWHUQDWLRQDOS %H\RQGWKDWPHDVXUHQRWKLQJ

+HDOWK +'2+ VWDWHVWKDW³ZDVWHZDWHUHIIOXHQWIURPWKHVWRUDJHSRQGVKRXOGQRWEHXVHGWR

7KH+'):03SURSRVHVWKDWDVWLUUHUSXPSEH³RSHUDWHGWZRKRXUVSHUGD\WREUHDNXSWKH

&RPPHQW(IIOXHQWSRQGVDUHOLNHO\WRH[KLELWSRRUZDWHUTXDOLW\DQG
QR[LRXVRGRUV

7KHRULJLQDO:03SURSRVHVWRGLVSHUVHVROLGVIURPWKHVHWWOLQJSRQGYLDLUULJDWLRQJXQ

&RPPHQW7KH:03IDLOVWRSUHVHQWDSHUPLVVLEOHPHWKRGIRUGLVSRVLQJ
RIZDVWHVROLGVIURPWKHVHWWOLQJSRQG

DERXWWKHLUORFDWLRQVL]LQJDQGRSHUDWLRQVVKRXOGEHGHVFULEHGIRUERWKWKHDQGFRZ

GDLU\FRQILJXUDWLRQV

-XO\

-XO\

NHSWIRUDWOHDVWILYH\HDUV7KHQXWULHQWPDQDJHPHQWSODQPXVWGHVFULEH³KRZWKHRSHUDWLRQZLOO
PDQDJHQXWULHQWVDQGZDVWHLQWHUPVRIVWRUDJHPDQDJHPHQWRIGHDGDQLPDOVFOHDQZDWHU
PDQDJHPHQWSUHYHQWLQJDQLPDOVIURPFRQWDFWZLWKVWDWHZDWHUVFKHPLFDOKDQGOLQJUXQRII
WHVWLQJODQGDSSOLFDWLRQDQGUHFRUGNHHSLQJ´ 8QLYHUVLW\RI+DZDLµL0DQRD+DZDLL6WDWH'2+

 QRQDTXDWLFDQLPDOV³KDYHEHHQDUHRUZLOOEHVWDEOHGRUFRQILQHGDQGIHGRUPDLQWDLQHGIRU

DWRWDORIGD\VRUPRUHLQDQ\PRQWKSHULRGDQG  FURSVYHJHWDWLRQIRUDJHJURZWKRU

SRVWKDUYHVWUHVLGXHVDUHQRWVXVWDLQHGLQWKHQRUPDOJURZLQJVHDVRQRYHUDQ\SRUWLRQRIWKHORW

RUIDFLOLW\´

PXVWGHPRQVWUDWHWKHVHUHTXLUHPHQWVFDQEHPHWWKXVFRQWDLQPHQWVWUXFWXUHVIRU&$)2SURFHVV

FDWHJRULHV²ODUJHPHGLXPRUVPDOO²ZKLFKDUHGHILQHGDVIROORZV

406



RISROOXWDQWVWRZDWHUVRIWKH8QLWHG6WDWHV´$VGHWDLOHGWKURXJKRXWWKHVHFRPPHQWVWKH+')

$Q$)2FDQDOVREHGHVLJQDWHGDWD&$)2³XSRQGHWHUPLQLQJWKDWLWLVDVLJQLILFDQWFRQWULEXWRU

DVD&$)2VLQFHLWLVD³VLJQLILFDQWFRQWULEXWRURISROOXWDQWVWRZDWHUVRIWKH8QLWHG6WDWHV´

 $VPDOO&$)2LVDQ$)2WKDWLVQRWDPHGLXPRUODUJH&$)2EXWWKDWKDVEHHQGHVLJQDWHG

86WKURXJKDGLWFKIOXVKLQJV\VWHPRUVLPLODUGHYLFHRUGLUHFWO\LQWRZDWHUVRIWKH86

VWHHUVEXOOVDQGFRZFDOISDLUVDQGWKDWH[KLELWVDGLVFKDUJHRISROOXWDQWVLQWRZDWHUVRIWKH

ZKHWKHUPLONHGRUGU\ RUWRFDWWOHRWKHUWKDQPDWXUHGDLU\FRZVLQFOXGLQJKHLIHUV

 $PHGLXP&$)2LVDQ$)2WKDWVWDEOHVRUFRQILQHVHLWKHUPDWXUHGDLU\FRZV

406



IURPWKHSURSRVHGVHWWOLQJSRQGWKXVLWLVOLNHO\WKDWVWRUPZDWHUUXQRIIZRXOGZDVKZDVWH

$VQRWHGSUHYLRXVO\ILHOGVDUHDQWLFLSDWHGWREHIHUWLOL]HGXVLQJZDVWHZDWHUDQGZDVWHVROLGV

XQGHUVWRRGDVD³VLJQLILFDQWFRQWULEXWRURISROOXWDQWVWRZDWHUVRIWKH8QLWHG6WDWHV´

SURFHVVZDVWHZDWHUIURPWKHIDFLOLW\WRZDWHUVRIWKH86RUZKHWKHUWKHIDFLOLW\LVSURSHUO\

+')PD\EHDPHGLXP&$)2GHSHQGLQJRQZKHWKHUWKHUHLVDGLVFKDUJHRIPDQXUHOLWWHURU

FRQWHPSODWHGQXPEHURIFDWWOH aPDWXUHGDLU\FRZV 7KHSURSRVHGPLONLQJIDFLOLW\DWWKH

7KHFRQWHPSODWHGPLONLQJIDFLOLW\DWWKH+')ZRXOGFOHDUO\EHDODUJH&$)2JLYHQWKH

&RPPHQW+')VKRXOGEHGHVLJQDWHGDVD&$)2DQGEHVXEMHFWWRDQ
LQGLYLGXDO13'(6SHUPLW

TXDOLW\EDVHGHIIOXHQWOLPLWDWLRQV 86(3$SS± 

ZKHWKHUPLONHGRUGU\ RURUPRUHFDWWOHRWKHUWKDQPDWXUHGDLU\FRZVLQFOXGLQJKHLIHUV

VWHHUVEXOOVDQGFRZFDOISDLUV

IUHTXHQF\DQGPDJQLWXGH13'(6SHUPLWVIRU&$)2VPD\LQFOXGHWHFKQRORJ\EDVHGDQGZDWHU

 $ODUJH&$)2LVDQ$)2WKDWVWDEOHVRUFRQILQHVHLWKHURUPRUHPDWXUHGDLU\FRZV

ZDVWHZDWHUPXVWEHGHVLJQHGWRFRQWDLQDOOSURFHVVZDVWHZDWHUSOXVUXQRIIIURPDQHYHQWRIWKDW

H[FHSWZKHQGLVFKDUJHVDUHGXHWRDVWRUPHYHQWH[FHHGLQJ\HDUKRXUUDLQIDOODQG+')

$FFRUGLQJWR&)5³&RQFHQWUDWHGDQLPDOIHHGLQJRSHUDWLRQV´ &$)2V IDOOLQWRWKUHH

S 13'(6SHUPLWVIRU&$)2VSURKLELWGLVFKDUJHVRISURFHVVZDVWHZDWHUSROOXWDQWV

XQWLOWKHRSHUDWLRQLVQRORQJHUD&$)2DQGWKDWUHFRUGVRIQXWULHQWPDQDJHPHQWSUDFWLFHVEH

WKH&$)2RSHUDWRUVXEPLWDQQXDOUHSRUWVWRWKH+'2+WKDW13'(6SHUPLWEHNHSWFXUUHQW

UHTXLUHWKDWDFRPSUHKHQVLYHQXWULHQWPDQDJHPHQWSODQEHLPSOHPHQWHGDWWKH&$)2VLWHWKDW

DQLQGLYLGXDOSHUPLWLVUHTXLUHG$QLQGLYLGXDO13'(6SHUPLWIRUD&$)2LQ+DZDLLZRXOG

13'(6SHUPLW+DZDLLGRHVQRWKDYHDQ13'(6JHQHUDOSHUPLWIRU&$)2VVRFRYHUDJHXQGHU

$OORSHUDWRUVRURZQHUVRI&$)2V VPDOOPHGLXPRUODUJH PXVWVHHNFRYHUDJHXQGHUDQ

GHILQLWLRQRID&$)2

RFHDQ,QDGGLWLRQWKHFRQWHPSODWHGSURMHFWVL]HRIFRZVDSSHDUVWRFOHDUO\PHHWWKH

LVH[SHFWHGWRFDXVHDVLJQLILFDQWZRUVHQLQJRIZDWHUTXDOLW\LQWKH:DLRSLOL6WUHDPDQGLQWKH

-XO\

7LWOH&)5GHILQHVDQ³$QLPDO)HHGLQJ2SHUDWLRQ´ $)2 DVDORWRUIDFLOLW\ZKHUH

 

XVHDQGDSSO\WKHVHIHGHUDOUHJXODWLRQV VHH8QLYHUVLW\RI+DZDLµL0DQRD+DZDLL6WDWH'2+

UHJXODWLRQVSHUWDLQLQJWRFRQFHQWUDWHGDQLPDOIHHGLQJRSHUDWLRQV &$)2V +DZDLLDQUHJXODWRUV

7LWOHRIWKH&RGHRI)HGHUDO5HJXODWLRQV &)5 RXWOLQHVIHGHUDO

)HGHUDODQG6WDWH&$)25HJXODWLRQV

$GGLWLRQDO&RQVLGHUDWLRQV5HODWHGWR:DWHU4XDOLW\

-XO\

SDUWLFOHVUHVXOWLQJIURPHURVLRQRQODQGLQYROYHGLQHDUWKZRUNVXFKDVWKH«FXOWLYDWLRQDQG
PDQDJHPHQWRIDJULFXOWXUDOODQGV´

DFFRPPRGDWHLPSRUWDQWHFRQRPLFRUVRFLDOGHYHORSPHQWLQWKHDUHD´³WKHGLUHFWRUVKDOODVVXUH

&ODVV$PDULQHZDWHUVQXPHULFZDWHUTXDOLW\FULWHULDDUHSURYLGHGIRUWRWDOQLWURJHQDPPRQLD
QLWURJHQQLWUDWHQLWULWHQLWURJHQWRWDOSKRVSKRUXVOLJKWH[WLQFWLRQFRHIILFLHQWFKORURSK\OOD
WXUELGLW\S+DQGGLVVROYHGR[\JHQ DPRQJRWKHUV 

FRQFHQWUDWLRQVRILQGLFDWRUEDFWHULDWKDWH[FHHGZDWHUTXDOLW\VWDQGDUGV 05& ,Q

DGGLWLRQPXFKRIWKHFRDVWOLQHQHDUWKH+')DOUHDG\UHFHLYHVKLJKFRQFHQWUDWLRQVDQGORDGVRI

QXWULHQWV 71:5( &RQFHQWUDWLRQVDQGORDGVRIQXWULHQWVDQGSDWKRJHQVDUHH[SHFWHGWR

406



406



ZDWHUTXDOLW\ZLWKDSSOLFDEOHZDWHUTXDOLW\VWDQGDUGV

ZDWHUTXDOLW\GHJUDGDWLRQRFFXUVDVDUHVXOWRIWKHSURMHFWQRUKDYHWKH\GHVFULEHGPLWLJDWLRQ

PHDVXUHVWKDWDUHSODQQHGWREHHPSOR\HGLIZDWHUTXDOLW\GHJUDGDWLRQGRHVRFFXU

+')KDVQRWHYDOXDWHGZDWHUTXDOLW\IRUWKHVHFRQVWLWXHQWVQRUKDV+')FRPSDUHGDQWLFLSDWHG

TXDOLW\LQDTXDQWLWDWLYHPDQQHU+')KDVQRWGHVFULEHGWKHPRQLWRULQJDSSURDFKWRGHWHUPLQHLI

LQFUHDVHPDUNHGO\DVDUHVXOWRIGDLU\RSHUDWLRQVDWWKH+')7KH+')KDVQRWHYDOXDWHGZDWHU

QLWURJHQQLWUDWHQLWULWHQLWURJHQWRWDOSKRVSKRUXVWRWDOVXVSHQGHGVROLGVDQGWXUELGLW\)RU

7KHZDWHUVRIWKH:DLRSLOL6WUHDPDQGWKHQHDUVKRUHRFHDQQHDUWKHVWUHDPFXUUHQWO\FRQWDLQ

:DWHUTXDOLW\FULWHULDIRULQODQGZDWHUVLQFOXGLQJVWUHDPVLQFOXGHQXPHULFFULWHULDIRUWRWDO

RUDTXDWLFOLIHRULQDPRXQWVVXIILFLHQWWRLQWHUIHUHZLWKDQ\EHQHILFLDOXVHRIWKHZDWHU«VRLO

(YHQLQFDVHVZKHUHWKHGLUHFWRUILQGVWKDW³DOORZLQJORZHUZDWHUTXDOLW\LVQHFHVVDU\WR

ZDWHUTXDOLW\DGHTXDWHWRSURWHFWH[LVWLQJXVHVIXOO\´

VXEVWDQFHVDWOHYHOVRULQFRPELQDWLRQVVXIILFLHQWWREHWR[LFRUKDUPIXOWRKXPDQDQLPDOSODQW

OHYHORIZDWHUTXDOLW\QHFHVVDU\WRSURWHFWWKHH[LVWLQJXVHVVKDOOEHPDLQWDLQHGDQGSURWHFWHG´

RWKHUFRQGLWLRQVLQWKHUHFHLYLQJZDWHUV«SDWKRJHQLFRUJDQLVPV«RURWKHUGHOHWHULRXV

IODYRULQWKHIOHVKRIILVKRULQDPRXQWVVXIILFLHQWWRSURGXFHREMHFWLRQDEOHFRORUWXUELGLW\RU

GHSRVLWV«VXEVWDQFHVLQDPRXQWVVXIILFLHQWWRSURGXFWWDVWHLQWKHZDWHURUGHWHFWDEOHRII
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predictions and actual crop water and nutrient uptake.

has been used for over 5 years on one of these dairies with good correlation between model

in irrigation rates, fertilizer, and manure applications for two mainland dairy farms. The model

removal. This model is used every week by CH2M to recommend best management practices

variables of climatic conditions and how these variable influence crop growth and nutrient

yield, water and nutrient uptake, and nutrient losses to the environment considering the

movement through the root zone of <ŝŬƵǇƵ grass with a detailed model that calculates crop

To have a basis for comparison to the DEIS, CH2M modeled the soil, water, and nutrient

considered.

it actually will be when accurate accounting of water and nutrients through the dairy farm are

1

nutrient balance of the DEIS and came to conclusions that the impact of the Dairy was less than

the environment. The authors of the detailed appendix reports all referenced the incorrect

or non-irrigated. Simplifications such as this result in incorrect estimates of nutrient losses to

of <ŝŬƵǇƵ grass as uniform every day of the year on every soil type and slope whether irrigated

The DEIS uses many simplifying generalizations such as estimating the yield and nutrient uptake

dairy waste management, cropping, and soil conditions relative to dairy waste management.

ĂŝƌǇ&ĂƌŵƐ;,&Ϳ͕DĈŚĈ॒ƵůĞƉƻ͕<ĂƵĂŝ͕DĂǇϮϬϭϲ;/^Ϳ͕ǁŝƚŚĂĨŽĐƵƐŽŶĚĂŝƌǇŵĂŶĂŐĞŵĞŶƚ͕

CH2M subject matter experts reviewed the Draft Environmental Impact Statement for Hawai’i

Executive Summary

for pastures in Hawai’i grazed by cattle on an 18 day rotation. The nitrogen removal rates are
presented as the same for non-irrigated areas and irrigated areas even though <ŝŬƵǇƵ grass in
Hawaii is documented to have half the yield when non-irrigated.

needs but not over-irrigate. Four models were developed to represent the four water and

nutrient conditions proposed in the DEIS of: 1.) manure as excreted on non-irrigated areas, 2.)

manure as excreted plus manure slurry from the holding pond on non-irrigated areas, 3.)

head dairy.

record. This station is not suitable for irrigation scheduling or manure management. HDF’s use

hundreds of addition components when compared to standard center pivot machines including

WT0708161148PDX

currently have cows, so yield estimates are for clipped samples which over-estimate actual

Ϯ

3

These machines are the most complex center pivot irrigation equipment available and contain

not provide any scientific design for sampling or farm trial quality control. The dairy does not

WT0708161148PDX

machine approaches the stream or drainage and reopen when the machine is on the other side.

individual sprinklers on these pivots are programmed to stop manure effluent irrigation as the

and Waiopili stream on narrow bridges multiple times in every rotation. The many valves on

The HDF claims to have one of the highest yields in the world for <ŝŬƵǇƵ grass pasture but does

discharges that are an order of magnitude too low.

has resulted in the DEIS recommending over-irrigation, unrealistic yield estimates, and nutrient
The HDF has already built smart valve center pivot irrigation machines that cross drainage ways

for irrigation water application on the same fields as the DEIS states will be done with the 2000

missing data points in 30 years of record and over 50 missing data points in every year of

of this poor quality partial data set for the critical climatic input to dairy management decisions

gun sprinklers for applying manure slurry is increased by the additional use of big gun sprinklers

creating ponding and runoff from poorly drained and sloped soils. The risk of runoff from big

application rate than almost all sprinkler, spray, or drip irrigation systems and is prone to

volatilize odor agents over a large area. Big gun sprinkler irrigation has a higher instantaneous

as it creates a plume with a wide range of droplet sizes and mist that can drift in the wind and

radius of 65 ft. This method of slurry application is the poster child of manure odor complaints

dŚĞ/^ƵƐĞƐƌĂŝŶĨĂůůĚĂƚĂĨƌŽŵƚŚĞůŽĐĂůDĈŚĈ॒ƵůĞƉƻϵϰϭ͘ϭƌĂŝŶŐĂƵŐĞǁŚŝĐŚŚĂƐŚƵŶĚƌĞĚƐŽĨ

nitrogen discharged to the environment.

averaging of variables, the DEIS makes a first order approximation of 10,000 pounds per year of

environment of 335,934 pounds per year. Without modeling and with oversimplification and

predict high nitrogen loss with a total discharge of nitrogen from the dairy to the water

excreted plus manure slurry from the holding pond on big gun irrigated areas. All four models

The HDF proposes to apply manure slurry with big gun irrigation sprinklers with a trajectory

presented in the DEIS are unprecedented and are not supported by scientific data or references

no commercial fertilizer application, and optimal irrigation water application to meet all crop

manure as excreted plus manure effluent on the pivot irrigated areas, 4.)and manure as

yields from cattle grazing. The nitrogen removal rates of 1090 pounds per acre per year

COMMENTS ON DAIRY MANAGEMENT, DAIRY WASTE MANAGEMENT, CROPPING, AND SOIL CONDITIONS RELATIVE TO DAIRY WASTE
MANAGEMENT IN DRAFT ENVIRONMENTAL IMPACT STATEMENT FOR HAWAI’//Zz&ZD^͕D , ॒h>Wn͕<h/͕DzϮϬ16

The scenario modeled for HDF was for 2000 cows with wetter than average climatic conditions,

COMMENTS ON DAIRY MANAGEMENT, DAIRY WASTE MANAGEMENT, CROPPING, AND SOIL CONDITIONS RELATIVE TO DAIRY WASTE
MANAGEMENT IN DRAFT ENVIRONMENTAL IMPACT STATEMENT FOR HAWAI’//Zz&ZD^͕D , ॒h>Wn͕<h/͕DzϮϬ16
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not average or worst case and under-represents the risk of nutrient losses to the environment.

variables and selects a condition to use as average for all paddocks. The selected condition is

capacity, background nutrient content, slope, and yield potential, yet the DEIS ignores all

The soil conditions across the dairy vary significantly in infiltration rate, texture, water holding

crossing a stream and the time to failure is unknown.

failures. There appears to be no precedent for use of these machines to apply manure while

pivots. The use of manure effluent increases the risk of corrosion, scale build-up, and plugging

because of the increased complexity that these machines fail more often than standard center

GPS guidance, an air control pilot tube to every valve and a programmable controller. It is

COMMENTS ON DAIRY MANAGEMENT, DAIRY WASTE MANAGEMENT, CROPPING, AND SOIL CONDITIONS RELATIVE TO DAIRY WASTE
MANAGEMENT IN DRAFT ENVIRONMENTAL IMPACT STATEMENT FOR HAWAI’//Zz&ZD^͕D , ॒h>Wn͕<h/͕DzϮϬ16
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water. The DEIS presents monthly or annual averages for manure application, weather,

5

ocean from excess manure application and uncontrollable losses in runoff and deep percolation

dairy will discharge 10,000 pounds of nitrogen annually to surface water, groundwater, and the

the operations and management of the dairy with 2000 cows is presented. HDF states that the

include 2000 cows. The date of the expansion is not presented in the DEIS but information on

HDF plans to establish the dairy with 699 cows, and a future phase of dairy expansion will

with big gun sprinklers.

manure liquid effluent will be applied with the pivots, and the manure solids will be applied

346.5 acres of irrigation including pivots and hose supplied big gun sprinklers. Milking barn

applied on some paddocks but not others; and irrigation by different methods. HDF proposes

well drained and others are poorly drained soils; milking barn manure effluent and slurry will be

irrigated and non-irrigated paddocks where conditions are extremely variable: some soils are

The dairy will have 469.9 acres of paddocks. The paddocks will grow <ŝŬƵǇƵ grass pasture on

opens to the ocean and is drained by Waiopili Stream that flows through the center of the farm.

HDF proposes to develop a dairy on 557 acres near Po॒ipƻ in a three sided box canyon that

Project Background

&ĂƌŵƐ;,&Ϳ͕DĈŚĈ॒ƵůĞƉƻ͕<ĂƵĂ॒i.

review and comment on the Draft Environmental Impact Statement (DEIS) for Hawai॒i Dairy

'ŽŽĚƐŝůůŶĚĞƌƐŽŶYƵŝŶŶΘ^ƚŝĨĞů>>WƌĞƚĂŝŶĞĚ,ϮDŽŶďĞŚĂůĨŽĨ<ĂǁĂŝůŽĂĞǀĞůŽƉŵĞŶƚ>>WƚŽ
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lost to deep percolation under wet year conditions under the best possible irrigation and

impacts of greater than average rainfall.

WT0708161148PDX

purpose of this analysis was to evaluate the site water balance including water and nutrients

proposed operations of the HDF were simulated for a wetter than average year to expose the

6

movement for both the irrigated and non-irrigated portions of the HDF site. The primary

other input data where the DEIS inputs were based on assumptions or found to be in error. The

WT0708161148PDX
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discharges, this model assumes that all nutrients are routed through the crop root zone and are

could also mobilize a portion of nutrients on and within near surface soils to surface water

nutrient management using the proposed nutrient loading rates. Although direct surface runoff

CH2M prepared a root zone water and nutrient balance to evaluate the water and nutrient

exceeding crop water needs deep percolation occurs.

meet crop water needs no irrigation is assumed and during periods with rainfall that infiltrates

conditions and vegetative cover to estimate percent runoff. During periods of rainfall that

and the rainfall is split by the model according to SCS runoff curve number for the soil

precipitation events that exceed soil infiltration rates will create surface runoff plus infiltration

infiltrate, and which was applied at rates determined by CH2M to be optimal. In contrast,

CH2M’s model evaluated the fate of applied irrigation water, all of which was assumed to

Root Zone Water and Nutrient Balance

perfect, actual impacts are likely to be greater.

evaluate impacts from these assumed operations. If HDF’s irrigation water management is not

losses with rainfall as the primary uncontrollable variable. CH2M performed this analysis to

water management and no fertilizer application to determine the extent of manure nutrient

For the greater than average rainfall year, CH2M assumed HDF would have optimal irrigation
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HDF. CH2M used inputs as stated in the DEIS where they were supported by data, and used

The model was used to simulate the water and nutrient movement through the soils of the

recommend best management practices for irrigation, fertilization, and manure application.

and nutrients. The model is regularly used as a tool for irrigated farms and dairies to

through the crop root zone and simulates crop uptake, deep percolation, and runoff of water

CH2M utilized a root zone water balance model that tracks water and nutrient movements

impact of harvest by grazing rather than cutting, and the variability and limitations of soils.

including potential yield impacts of variable weather, irrigation, and nutrient availability, the

nutrient balance with manure application and nutrient removal and losses, crop management

CH2M review. CH2M’s review is focused on water balance and the influence of irrigation,

Environmental Engineers, Civil Engineers, a Soils Scientist, and a Meteorologist performed the

Environmental Impact Statement (“DEIS”) dated May 2016. Agricultural Engineers,

This document presents CH2M’s comments relating to the Hawai॒i Dairy Farms’ (HDF) Draft

Purpose and Overview of Report

climatic conditions are not accounted for in the proposed dairy management.

irrigation, and crop yield and nutrient uptake. Wetter than average or drier than average
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40.59 inches, which is slightly lower than the average precipitation recorded at the DĈŚĈ॒ƵůĞƉƻ
station used in the DEIS of 44.26 inches. CH2M is using a complete rainfall data set, which is
accurate but is for a location with less average rainfall than HDF and underestimates the total
impact of rainfall. The DEIS underestimation of rainfall is based on incomplete Mahaulepu data
which results in an underestimation plus an unknown amount of error. CH2M’s
underestimation is greater the HDF underestimation of total rainfall, but still results in
significant nitrogen loss.

from the site, whether in surface water or groundwater, will enter the near shore and shoreline

waters in or near Waiopili stream. Routing all nutrients through the crop root zone instead of

removing a portion of them with surface runoff is conservative as it allows the maximum

potential plant uptake and soil retention. The percent of nutrients lost from the site with

runoff is influenced by many variables including time between manure excretion or application

and a rainfall event that creates the runoff, time since the previous irrigation or rainfall event,

and soil and crop conditions specific to each paddock. Many additional models will be required

8
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(http://climod.nrcc.cornell.edu/runClimod/66f95a99e542907d/5/) in the model. The Lihue site

CH2M used monthly rainfall data from the Lihue WSO AP 1020.1 weather station

Climate Conditions

irrigation management and no surface loss of nutrients in a wet year.

is intended to test the best possible conditions for crop utilization of nutrients with perfect

the 12-month period modeled resulting in 10.09 inches of surface runoff. The CH2M modeling

soils being at saturation much of the time. The models predict runoff will occur 9 months during

capacity almost continuously throughout the year to optimize yield which results in surface

models for irrigated fields show that the soils over the entire <ŝŬƵǇƵ root zone are near field

recommend irrigation for optimal crop yield when rainfall minus runoff is not adequate. The

through the soil as deep percolation. The models calculate the soil water holding capacity and

The CH2M models include surface runoff, which reduces the total amount of water moving

WT0708161148PDX
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Areas for Hawai॒i Dairy Farms” 1 . On average over the 30-year period from 1986 through 2015,

9

weighted CN value of 72 as referenced in Table 3 of the “Hydrologic Assessment for the Pasture

Runoff Curve Number (CN) method as described in USDA Technical Release-55. CH2M utilized a

CH2M estimated surface runoff of precipitation using daily precipitation data and the SCS

70.14 inches.

precipitation during this 12-month period at the Lihue WSO AP 1020.1 weather station was

for the time period from June 1996 through May 1997 were used in the model. The total

excess applied nutrients to groundwater and subsequently to surface water, precipitation data

In order to simulate a wet year condition within which deep percolation losses could mobilize

precipitation record from 1950 through 2015. The average annual rainfall at the Lihue site is

connection between surface water and shallow groundwater suggests that all nutrients lost

to accurately calculate nutrients lost to runoff and these models should be developed by HDF.

was selected due to it being close to the proposed HDF site and having a complete daily
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subject to plant uptake from the crop prior to any release to deep percolation. The close
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pond should not be distributed via irrigation gun. Presumably, HDOH would also object to
distributing manure slurry from the settling pond via irrigation gun. Thus, it is not clear that the
proposed slurry distribution methodology is feasible from a regulatory perspective.

WT0708161148PDX

not directly comparable to this report.

3 See table 12 in FAO Irrigation and drainage paper 56. By Richard G. Allen, L. Pereira, D. Raes, M.

Smith, FAO - Food and Agriculture Organization of the United Nations. Rome, 1998.
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11

International on 15 June 2016 stating that wastewater effluent from the proposed storage

hydrology. In contrast, the Exponent Water Report models hydrology, resulting in different conclusions

WT0708161148PDX
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in irrigated areas of the site.

crop yield will be reduced under rainfed conditions since water is not as available as it would be

potential nutrient uptake is also reduced in proportion to the reduction in actual crop ET, as

the potential crop ET to a lower actual crop ET based on soil water availability and water stress;

calculated in the model using a soil water balance. Under these conditions, the model reduces

Under rainfed conditions for the non-irrigated portions of the HDF site, crop water stress is

there was no calculated irrigation demand.

the best possible irrigation management. CH2M did not apply irrigation during periods in which

irrigation to be scheduled according to crop water demands, varied accordingly to represent

identify methods for optimizing irrigation, for irrigated portions of the site, CH2M assumed

is liquid effluent in the case of the pivot areas.4 Although the DEIS did not explicitly describe or

Water applied in the models includes rainfall and irrigation, of which a portion of the irrigation

Irrigation Applications
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Report”) CH2M’s analysis looks at long-term average conditions and is not intended to explicitly model

tĂƚĞƌYƵĂůŝƚǇ/ŵƉĂĐƚƐ͕,ĂǁĂŝ॒ŝĂŝƌǇ&ĂƌŵƐ/^͕DĈŚĈ॒ƵůĞƉƵ͕<ĂƵĂ॒ŝ͘:ƵůǇϮϬϭϲ͘;͞ǆƉŽŶĞŶƚtĂƚĞƌ

2 CH2M’s methodology is purposefully different from the methodology used by Exponent in “Water and

deep percolation amounts during the wet periods.

June 1996 through May 1997 time period. Lower crop ET values would generally result in higher

year values but data were not immediately available to calculate crop ET specifically for the

wet year conditions simulated, the actual crop ET would be expected to be lower than average

Therefore, estimated potential crop ET is the same in this model as used in the DEIS. For the

monthly potential crop ET for <ŝŬƵǇƵ grass. This is the same assumption used in the DEIS.

representing mid-season for warm season grasses3 to the monthly ETo values to estimate the

selected in the DEIS was used for the modeling. CH2M applied a crop coefficient of 0.85

variation in ETo across the HDF site using this gridded data source. However, the location

(http://evapotranspiration.geography.hawaii.edu/interactivemap.html). There is some

Potential ET (ETo) from the same website and location as used in the DEIS

CH2M obtained evapotranspiration (ET) for average monthly values of Grass Reference Surface

would be lost to surface runoff under these soil and cover conditions. 2

month period from June 1996 through May 1997, CH2M projected that 14.4 percent of rainfall

the average percent of rainfall projected to be lost to surface runoff was 11 percent. For the 12-
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ϭϮ

Impact Statement. July 2016. (“Meyer Report”)
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uptake rates.

potential plant nitrogen uptake of 545 lb/ac/yr to estimate the monthly potential plant nitrogen

crop ET. Consequently, the proportion of monthly to annual crop ET was applied to the annual

to be proportional to biomass accumulation (plant growth) rates which are also proportional to

545 lb/ac/year, as discussed in this report. The monthly pattern of nitrogen uptake is estimated

Plant nitrogen uptake for the proposed <ŝŬƵǇƵ grass is assumed to be no greater than

Nutrient Uptake

as they are tied directly to the number of cows.

from proposed values to lower rates as needed. Manure inputs, however, were not adjusted,

fertilizer addition in the water and nutrient balance since the amounts could be easily adjusted

2000 cow scenario was provided by Dr. Deanne Meyer. 5 CH2M did not consider commercial

The manure production estimates and the nitrogen content of each of these products for the

CH2M input nutrients in the form of as-excreted manure, effluent, and slurry into the model.

Nutrient Applications
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uptake of 545 lb/ac/yr.

manure excretion on pastures of 1,155 lbs/ac/yr in contrast to the potential plant nitrogen

annual loss of 335,934 lbs of nitrogen. This is primarily due to heavy nitrogen loading from
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scenario, an estimated 57 percent of the total applied nitrogen is lost to deep percolation for an

For the 2000 cow scenario, there is significant nitrogen overloading of the site. Under this

Tables and Figures from the Water Balance model runs are provided in Attachment A.

A summary of nitrogen and water balance results are presented in Tables 1 and 2. Detailed

application areas described by HDF.

application configurations to simulate the 2000 cow scenario using the four different nutrient

Model runs were performed with the data discussed above, for eight water and nutrient

Results
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dĂďůĞ1͘EŝƚƌŽŐĞŶĚĚŝƚŝŽŶƐĨŽƌƚŚĞϮϬϬϬŽǁ^ĐĞŶĂƌŝŽ

^ĐĞŶĂƌŝŽ͗ϮϬϬϬĐŽǁƐ

dĂďůĞ2͘EŝƚƌŽŐĞŶĂůĂŶĐĞĂŶĚ>ŽƐƐĞƐĨŽƌƚŚĞϮϬϬϬŽǁ^ĐĞŶĂƌŝŽ

^ĐĞŶĂƌŝŽ͗ϮϬϬϬĐŽǁƐ

WŝǀŽƚ͕ŵĂŶƵƌĞĂƐĞǆĐƌĞƚĞĚΘĞĨĨůƵĞŶƚ
dŽƚĂůƌĞĂ
EĨƌŽŵDĂŶƵƌĞ
ƐǆĐƌĞƚĞĚ
EĨƌŽŵ
ĨĨůƵĞŶƚ
N Applied
ĨƌŽŵ^ůƵƌƌǇ
dŽƚĂů
Applied N
EĨƌŽŵ
DĂŶƵƌĞƐ
ǆĐƌĞƚĞĚ
EĨƌŽŵ
ĨĨůƵĞŶƚ
N Applied
ĨƌŽŵ^ůƵƌƌǇ
dŽƚĂů
Applied N

WŝǀŽƚ͕ŵĂŶƵƌĞĂƐĞǆĐƌĞƚĞĚΘĞĨĨůƵĞŶƚ
acres
285.1
lb/ac/yr
1,155
lb/ac/yr
104
lb/ac/yr
lb/ac/yr
ϭ͕Ϯϱϵ
lb/yr
329,266
lb/yr
29,601
lb/yr
lb/yr
ϯϱϴ͕ϴϲϳ

ŝŐŐƵŶŝƌƌŝŐĂƚŝŽŶ͕ŵĂŶƵƌĞĂƐ
ĞǆĐƌĞƚĞĚΘƐůƵƌƌǇĂƉƉůŝĐĂƚŝŽŶ
61.4
1,155
115
ϭ͕ϮϳϬ
70,912
7,086
ϳϳ͕ϵϵϳ

Non-ŝƌƌŝŐĂƚŝŽŶ͕ŵĂŶƵƌĞĂƐĞǆĐƌĞƚĞĚΘ
ƐůƵƌƌǇĂƉƉůŝĐĂƚŝŽŶ
109.6
1,155
115
ϭ͕ϮϳϬ
126,579
12,648
ϭϯϵ͕ϮϮϳ

Non-ŝƌƌŝŐĂƚŝŽŶ͕ŶŽƐůƵƌƌǇ͕ ŵĂŶƵƌĞĂƐĞǆĐƌĞƚĞĚŽŶůǇ
dŽƚĂůƐ
13.8
469.9
1,155
ϭ͕ϭϱϱ
15,938
ϱϰϮ͕ϲϵϰ
Ϯϵ͕ϲϬϭ
ϭϵ͕ϳϯϰ
ϭϱ͕ϵϯϴ
ϱϵϮ͕ϬϮϵ

dŽƚĂůƌĞĂ
acres
285.1

Applied
/ƌƌŝŐĂƚŝŽŶ
tĂƚĞƌ
in
29.7

Deep
WĞƌĐŽůĂƚŝŽŶ
in
6.4

dŽƚĂů
Applied N
lb/ac/yr
1,259

ƌŽƉE
hƉƚĂŬĞ
lb/ac/yr
545

Deep
WĞƌĐŽůĂƚŝŽŶ
E>ŽƐƐ
lb/ac/yr
714

dŽƚĂů
Applied N
lb/yr
358,867

ƌŽƉE
hƉƚĂŬĞ
lb/yr
155,380

Deep
WĞƌĐŽůĂƚŝŽŶ
E>ŽƐƐ
lb/yr
203,487

ŝŐŐƵŶŝƌƌŝŐĂƚŝŽŶ͕ŵĂŶƵƌĞĂƐ
ĞǆĐƌĞƚĞĚΘƐůƵƌƌǇapplication

61.4

29.7

6.4

1,270

545

725

77,997

33,463

44,534

Non-ŝƌƌŝŐĂƚŝŽŶ͕ŵĂŶƵƌĞĂƐĞǆĐƌĞƚĞĚΘ
ƐůƵƌƌǇĂƉƉůŝĐĂƚŝŽŶ

109.6

-

2.0

1,270

545

725

139,227

59,732

79,495

Non-ŝƌƌŝŐĂƚŝŽŶ͕ŶŽƐůƵƌƌǇ͕ ŵĂŶƵƌĞĂƐĞǆĐƌĞƚĞĚŽŶůǇ
dŽƚĂůƐ

13.8
469.9

-

2.0

1,155

545

610

15,938
ϱϵϮ͕ϬϮϵ

7,521
Ϯϱϲ͕Ϭϵϲ

8,417
ϯϯϱ͕ϵϯϰ
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6 HDF DEIS p. 3-24; HDF DEIS Appendix C at p. 4.

have further reduced yield.

runoff and deep percolation to groundwater. Some paddocks are non-irrigated and will

uptake from over–fertilization, this practice would result in the high risk of nutrients in

While it may be possible to obtain higher protein content and yield with luxuriant nutrient

in the DEIS is at a frequent grazing interval of 18 days.

15

sward cut to 5 cm every nine weeks. The yield of 16.4 tons dry matter/acre/year6 proposed

maximum production of green herbage and protein was obtained from a <ŝŬƵǇƵ/clover

cutting interval; this depression was greater in the presence of nitrogen fertilizer. The

dry-matter yield by 54 to 25 percent, compared with a maximum yield at the 12-week

significantly reduced yield. Studies showed that frequent cutting (every two weeks) reduced

for crop yield predictions and nutrient content, reports that frequent cutting of <ŝŬƵǇƵ grass

values. The United Nations Food and Agriculture Organization (FAO), a standard reference

trials or lab analysis are presented. Both yield and nitrogen content in forage are optimistic

acre of nitrogen from the soil per ton of yield. None of the raw data from the on-farm yield

ŽŵŵĞŶƚϭ͗dŚĞ/^ĐůĂŝŵƐƚŽŚĂǀĞŶĞĂƌůǇƚŚĞďĞƐƚǇŝĞůĚŝŶƚŚĞǁŽƌůĚĨŽƌ<ŝŬƵǇƵ ŐƌĂƐƐďĂƐĞĚ
ƵƉŽŶĂĨĂƌŵƚƌŝĂů ďƵƚĚŽĞƐŶŽƚƉƌĞƐĞŶƚĂŶǇƐĐŝĞŶƚŝĨŝĐĚĞƐŝŐŶĨŽƌƚŚĞƚƌŝĂůŽƌĂŶǇƌĂǁĚĂƚĂŽƌ
ƐƚĂƚŝƐƚŝĐĂůĂŶĂůǇƐŝƐŽĨĚĂƚĂƚŽƐƵƉƉŽƌƚƚŚĞĐůĂŝŵ͘ dŚĞŚŝŐŚǇŝĞůĚƚŚĂƚŝƐƚŚĞďĂƐŝƐŽĨƚŚĞŶƵƚƌŝĞŶƚ
ďĂůĂŶĐĞŝƐƵŶĨŽƵŶĚĞĚ͘
HDF presents the yield of <ŝŬƵǇƵ grass at 16.4 ton/ac dry matter to remove 64 pounds per

Comments on DEIS and appendix documents
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be turned on and off with an automated valve that can be programmed. An individual
control signal is sent to each valve every time the pivot crosses the ditch or stream, which
can be multiple times per day. The two pivots will each have about 100 sprinkler heads with
automated control. A valve failing and not closing can be expected to occur many times
during the life of the project, resulting in irrigation of manure directly into the stream and
drain ditch and contamination of the waters of the state (stream and ocean), as well as the
beach. HDF has not provided references of other dairies successfully using this same type of
effluent disposal pivot while crossing over waters of the state or drain ditches that

valid weather station with continuous data record. Nearly every month of the 30 years of

record has some missing data with many months having more than 7 days per month of

missing data. As an example, September of 1992 has 19 days of missing data. Using this

data set results in underestimation of storm events, overestimation of irrigation

requirements, and overestimation of the number of days that are suitable for effluent and

slurry application. Weather is a critical component of the water and nutrient balance and

the balance is not accurate with the data utilized, which underestimate the actual impact of

the proposed dairy.
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This area also receives manure excreted from grazing cows. The nutrient application on this

manure solids collected in the settling basin at the milking barn for the 699 head herd size.

ŽŵŵĞŶƚϯ͗dŚĞƵƐĞŽĨannual ĂǀĞƌĂŐĞŵĂŶƵƌĞĂƉƉůŝĐĂƚŝŽŶĂŶĚannual ĂǀĞƌĂŐĞǇŝĞůĚ
ĞƐƚŝŵĂƚĞƐŐƌŽƐƐůǇƵŶĚĞƌĞƐƚŝŵĂƚĞƐ ƚŚĞŶŝƚƌŽŐĞŶĚŝƐĐŚĂƌŐĞĨƌŽŵƚŚĞƐůƵƌƌǇĂƉƉůŝĐĂƚŝŽŶ
ƉĂĚĚŽĐŬƐ.
The non-irrigated area of 42 acres is the only area proposed for land application of all of the

WT0708161148PDX

to the farm will be carried to drainages, streams, and groundwater. This would amount to

Comment 5: dŚĞ/^ƵŶĚĞƌĞƐƚŝŵĂƚĞƐƚŚĞĚŝƐĐŚĂƌŐĞŽĨŶƵƚƌŝĞŶƚƐƚŽƚŚĞƐƚƌĞĂŵĂŶĚ
ŐƌŽƵŶĚǁĂƚĞƌďǇĂŶŽƌĚĞƌŽĨŵĂŐŶŝƚƵĚĞ.
HDF assumes that only 2 percent of the nitrogen and 1 percent of the phosphorus applied

rates on these complex machines.
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liquid manure application. The design of the pivots allows each individual sprinkler head to

days of missing data in the past 30 years and is not considered by CH2M meteorologists as a

discharge to waters of the state. The DEIS fails to present mitigation for standard failure

ditch that ultimately discharge to the ocean near coral beds. Both pivots will be used for

station that can be used for that analysis. The DĈŚĈ॒ƵůĞƉƻ 941.1 rain gauge has hundreds of

years was done for station 941.1. Unfortunately, this does not take into account the

number of missing days which would upend the consecutive day analysis. Lihue is the only

water and groundwater in the winter months when rainfall exceeds <ŝŬƵǇƵ grass water use.

applied with slurry application and excretion, resulting in nitrogen discharge to surface

area on the farm. Therefore, the nutrients removed with grazing are less than the nutrients

area is the highest on the farm and because it is not irrigated it is also the lowest yielding
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ŽŵŵĞŶƚϰ͗,&ƉƌŽƉŽƐĞƐƚŚĞƵŶƉƌĞĐĞĚĞŶƚĞĚƵƐĞŽĨŵĂŶƵƌĞĞĨĨůƵĞŶƚĂƉƉůŝĐĂƚŝŽŶƉŝǀŽƚƐ
ĂĐƌŽƐƐĂƐƚƌĞĂŵĂŶĚĚĞƉĞŶĚƐƵƉŽŶcomplex ĨĂŝůƵƌĞƉƌŽŶĞƐŵĂƌƚǀĂůǀĞĐĞŶƚĞƌƉŝǀŽƚƐƚŽƐƚŽƉ
ĨůŽǁ ĂŶĚŶŽƚĚƌŝƉǁŚŝůĞƚŚĞƉŝǀŽƚƐĂƌĞŽŶďƌŝĚŐĞƐ ŽǀĞƌƚŚĞƐƚƌĞĂŵ.
The “smart valve” center pivot irrigation systems cross both Waiopili stream and a drainage

consecutive days. A review of the average running total precipitation for days 1 to 7 for the

Comment 2: dŚĞ/^ƵƐĞƐƌĂŝŶĨĂůůĚĂƚĂĨƌŽŵƚŚĞůŽĐĂůDĈŚĈ॒ƵůĞƉƻ ϵϰϭ͘ϭƌĂŝŶŐĂƵŐĞǁŚŝĐŚ
ŚĂƐŚƵŶĚƌĞĚƐŽĨŵŝƐƐŝŶŐĚĂƚĂƉŽŝŶƚƐŝŶϯϬǇĞĂƌƐŽĨƌĞĐŽƌĚĂŶĚŝƐŶŽƚƐƵŝƚĂďůĞĨŽƌŝƌƌŝŐĂƚŝŽŶ
ƐĐŚĞĚƵůŝŶŐŽƌŵĂŶƵƌĞŵĂŶĂŐĞŵĞnt.
The DEIS reports that in 30 years only 5 times has rain occurred for more than a week of

http://www.fao.org/ag/AGP/AGPC/doc/Gbase/DATA/Pf000298.HTM
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7 HDF DEIS, Appendix F at p. 12.
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pounds per year or 33 times more than the first order approximation in the DEIS

shore coral beds. For the 2000 cow herd the nitrogen loss to the environment is 335,934

stream itself is effectively a point source discharge to marine waters at the beach and near

current impact. Much of the discharge from the dairy will occur in the stream, and the

fertilization in the region and will be in addition to the existing load to more than double the

will exceed the total combined discharge of all domestic wastewater and landscape

being discharged. The CH2M models predict that the discharge of nitrogen from the dairy

assumptions and a first order approximation of 1 percent of all phosphorus on the dairy

fertilizing landscape of 1,260 pounds per year. 7 This estimate is also based upon gross

phosphorus is less than all other discharges in the region from domestic wastewater and

The DEIS makes a comparison that the proposed dairy discharge of 900 pounds of

nutrient loss that will occur during years that have higher than average precipitation.

data indicate that HDF’s DEIS estimates are an order of magnitude less than the total

The CH2M detailed water and nutrient balance models utilizing more complete weather

missing data.

average weather conditions but are based upon the DĈŚĈ॒ƵůĞƉƻ 941.1 gauge, which has

nitrogen discharge and an 8.4 times increase in phosphorus discharge. These data are for

water off site. Compared to existing farming conditions, this is a 6.6 times increase in

10,000 pounds per year of nitrogen and 900 pound per year of phosphorus discharged to
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fields when the top 2 inches of soil are saturated from rainfall.”





must be adjusted to avoid runoff or loss to subsurface tile drains.”

be based on crop rooting depth

must not exceed the soil's infiltration or water holding capacity

“The total single application of liquid manure:




precludes spreading on:

“Nutrients must not be surface-applied if nutrient losses offsite are likely. This

WT0708161148PDX

590 precludes spreading of effluent when the top 2 inches of soil are

practice, nor a generally accepted agricultural management practice. Code

regardless of soil type and weather patterns is not a good management

month to month and from soil type to soil type. Uniform land application

the large variable of available soil moisture holding capacity that changes

HDF’s plan to apply effluent in nearly equal amounts every month disregards

–

–

590 also states:

potassium, or other nutrients and test for nitrogen where applicable.” Code

and sodicity where salts are a concern, soil organic matter, phosphorus,

amending the annual nutrient budget, e.g., pH, electrical conductivity(EC)

“The soil and tissue tests must include analyses pertinent to monitoring or

CONSERVATION PRACTICE STANDARD NUTRIENT MANAGEMENT (Ac.) CODE 590 states:

ŽŵŵĞŶƚϲ͗dŚĞ/^ƐƚĂƚĞƐƚŚĂƚƚŚĞĚĂŝƌǇ ǁŝůůďĞŽƉĞƌĂƚĞĚŝŶĂĐĐŽƌĚĂŶĐĞǁŝƚŚEZ^ĐŽĚĞ
ϱϵϬďƵƚĚŝƐƌĞŐĂƌĚƐƚŚĞĐŽĚĞŐƵŝĚĂŶĐĞďǇŶŽƚĐŽŶƐŝĚĞƌŝŶŐ ǁĞƚƚĞƌƚŚĂŶĂǀĞƌĂŐĞĐŽŶĚŝƚŝŽŶƐ.
NATURAL RESOURCES CONSERVATION SERVICE (NRCS) PACIFIC ISLANDS AREA
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ϮϬ

manure. Parasite control commonly used on dairy cows may kill dung beetles.

WT0708161148PDX

beetles includes a long period annually during winter when they are not actively moving

ŽŵŵĞŶƚϴ͗ƵŶŐďĞĞƚůĞƐĂƌĞŵŝƐƌĞƉƌĞƐĞŶƚĞĚĂƐďĞŝŶŐĐĂƉĂďůĞŽĨĐŽŶƐƵŵŝŶŐŵĂŶƵƌĞǇĞĂƌ
ƌŽƵŶĚĞǀĞŶƚŚŽƵŐŚƚŚĞǇĂƌĞŶŽƚĂĐƚŝǀĞŝŶƚŚĞǁŝŶƚĞƌ.
Dung beetles are presented as a solution for manure odor and flies. The life cycle of dung

ocean.

intense period of rainfall that would have carried most of the manure to the stream and the

entire contents of the manure lagoon would have been discharged just before a prolonged

2006 would have prompted the dairy to empty the lagoon during a rainstorm. Nearly the

ƵŶƵƐƵĂůůǇŚĞĂǀǇĂŶĚƉƌŽůŽŶŐĞĚƌĂŝŶƐƚŚĂƚƉƌĞĐĞĚĞĚƚŚĞďƌĞĂĐŚŽĨƚŚĞ<ĂůŽŬŽĂŵŝŶDĂƌĐŚ

the site surface with the expectation that it is going to discharge with storm water. The

storage lagoon with the prediction of a cataclysmic storm puts all of the stored manure on

average winters with extended periods of soil saturation. The DEIS proposal to empty the

25-year, 24-hr storm but the actual weather data include many significantly wetter than

ŽŵŵĞŶƚϳ͗dŚĞ/^ƵƐĞƐĞƌƌŽŶĞŽƵƐǁĞĂƚŚĞƌĚĂƚĂƚŽƐŝǌĞƚŚĞŵĂŶƵƌĞůĂŐŽŽŶĂŶĚƉƌŽƉŽƐĞƐ
ŝŶƚĞŶƚŝŽŶĂůůǇĚŝƐĐŚĂƌŐŝŶŐŵĂŶƵƌĞĨƌŽŵƚŚĞƐƚŽƌĂŐĞůĂŐŽŽŶďĞĨŽƌĞĐĂƚĂĐůǇƐŵŝĐƐƚŽƌŵƐƌĞƐƵůƚŝŶŐ
ŝŶŵŽƐƚŽĨƚŚĞŵĂŶƵƌĞƌƵŶŶŝŶŐŽĨĨĚŝƌĞĐƚůǇƚŽƐƵƌĨĂĐĞǁĂƚĞƌ͘
The report uses average weather conditions from a weather station with missing data plus a

accounted for in the DEIS.

inches of soil will be different for every soil type and is not presented or

saturated from rainfall. The rate of saturation and draining of the top 2
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the whole year the yield is less.
Ϯϭ

and 18 days. Cutting at a 2 leaves/tiller interval produces the most leaf in summer, but over

interval equivalent to 2, 4 or 6 leaves/tiller in summer. This is the same as grazing at 6, 12

not accounted for by HDF. Table 1 shows the cumulative effect of cutting <ŝŬƵǇƵ at an

is claimed, and grazing leaves behind plants that have more stem and dead matter that are

grazing by a factor of 2. The 18-day rotation does not produce maximum yield or protein as

environmental impact and over-state actual crop nitrogen and phosphorus removal for

mature for high protein. The farm trials are not valid to produce data for an assessment of

manure deposited on grass that will not then be grazed until the next rotation when it is too

yields than would result with grazing that will include trampling grass, partial harvest, and

statistical analysis. The sample collection by cutting grab samples results in very different

ŽŵŵĞŶƚϭϬ͗dŚĞŵŝůŬƉƌŽĚƵĐƚŝŽŶƉƌĞĚŝĐƚĞĚďǇƚŚĞ,&ŝƐƉƌĞƐĞŶƚĞĚǁŝƚŚŽƵƚƐĐŝĞŶƚŝĨŝĐ
ƌĞĨĞƌĞŶĐĞƐŽƌĂŶǇĚĂƚĂƚŽƐŚŽǁĂĐƚƵĂůŵŝůŬƉƌŽĚƵĐƚŝŽŶŽŶ<ĂƵĂ॒ŝǁŝƚŚ<ŝŬƵǇƵ ŐƌĂƐƐƌŽƚĂƚŝŽŶĂů
ŐƌĂǌŝŶŐ͘
The farm trials referenced by HDF are presented without data or a scientific design or

non-irrigated yet these yields are the basis of the nutrient balance.

<ŝŬƵǇƵ grass yield with grazing on variable soil types and with 26 percent of the paddocks

scientific documentation is presented to support either 16.4 tons/acre or 20 tons/acre of

feed import will also be needed that is vastly understated or ignored in HDF’s DEIS. No

699 cows with only a 20 percent yield increase. A very large nutrient supplement, salt, and

increase of about 20 percent. It is not possible to feed 2000 cows on the same pasture as

ŽŵŵĞŶƚϵ͗EŽĚŽĐƵŵĞŶƚĂƚŝŽŶŝƐƉƌĞƐĞŶƚĞĚĨŽƌϭϲ͘ϰƚŽŶƐƉĞƌĂĐƌĞŽĨ<ŝŬƵǇƵ ŐƌĂƐƐǇŝĞůĚǁŝƚŚ
ŐƌĂǌŝŶŐĂŶĚŶŽĚŽĐƵŵĞŶƚĂƚŝŽŶŝƐƉƌĞƐĞŶƚĞĚƚŽƐƵƉƉŽƌƚĞǀĞŶŚŝŐŚĞƌ ƉƌŽƉŽƐĞĚ ǇŝĞůĚƐŽĨϮϬƚŽŶƐ
ƉĞƌĂĐƌĞ͘
The proposed improvement for 16.4 tons per acre of forage to 20 tons per acres is an
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ϮϮ

/ŶƚĞƌǀĂů;ůĞĂǀĞƐͬ
ƚŝůůĞƌͿ

;ŬŐDͬŚĂͿ

Stem

^ƵŵŵĞƌ

;ŬŐ DͬŚĂͿ

leaves/tiller
(Fulkerson et al.
1999) ĞĨŽůŝĂƚŝŽŶ Leaf

;ŬŐDͬŚĂͿ

Leaf
ƉĞƌĐ
ent

Leaf

ůůzĞĂƌ

;D:ͬŬŐDͿ

ME
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Table 1: The yield of <ŝŬƵǇƵ leaf and stem in summer and yield of leaf, percent leaf and average metabolisable energy
(ME*) annually when <ŝŬƵǇƵ ŝƐĐƵƚĂƚϮ͕ϰŽƌϲůĞĂǀĞƐͬƚŝůůĞƌ;&ƵůŬĞƌƐŽŶĞƚĂů͘ϭϵϵϵͿ

surface water. HDF’s DEIS does not account for this higher discharge potential.

<ŝŬƵǇƵ grass means a higher potential that nitrogen will be discharged to ground and

results in lower nitrogen removal. This is significant because less nitrogen removed by the

substantially higher than when cut earlier at either 2 or 4 leaves/tiller. Lower leaf yield

If cut at 6 leaves/tiller, (18 days) the summer leaf yield is lowest but stem growth is

Source: WZ/D&dϭϬϲϴ͕D/><WZKhd/KE&ZKD</<hzh GRASS BASED PASTURES.

Figure 1: Changes in crude protein percentage (CP percent) and metabolisable energy (MJ ME/kg DM) with age of
regrowth (upper). The proportion <ŝŬƵǇƵ of leaf, stem and dead components of total DM above 5cm stubble (lower).
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from<ŝŬƵǇƵ-grass-based-pastures.pdf (accessed 3/25/2016)

2. http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0012/359949/Milk-production-

from <ŝŬƵǇƵ grass based pastures.

1. &ƵůŬĞƌƐŽŶ͕͕͘'ƌŝĨĨŝƚŚƐ͕E͕͘^ŝŶĐůĂŝƌ͕<͕͘ĂŶĚĞĂůĞ͕W͘WƌŝŵĞ&ĂĐƚƐ͘ϮϬϭϲ͘DŝůŬƉƌŽĚƵĐƚŝŽŶ

ZĞĨĞƌĞŶĐĞs ĨŽƌ<ŝŬƵǇƵ ĨƌĂƐƐĂŐƌŽŶŽŵǇ͗

studies.

double the nutrient uptake that is documented in peer reviewed journals or scientific

to 500 lbs./ac/yr of total nitrogen removal by yields up to 16 tons/acre/year. HDF claims

recommendation in multiple references for <ŝŬƵǇƵ grass dairy pasture management is 200

paddocks will have significantly lower yields than the farm wide average. The

documents and are not possible on a farm wide average as presented. Non-irrigated

DEIS. Yields proposed by HDF are significantly higher than supported by reference

HDF’s 18-day grazing rotation year round will not allow maximum yields indicated in the

days.

year is recommended. In April and November, the grazing interval extends to around 20

Ϯϯ

leaves x 3 days/leaf) grazing interval. Thus a 12- to 14-day grazing interval at this time of the

March, the ‘leaf appearance interval’ for <ŝŬƵǇƵ might be as low as 3 days giving a 12 day (4

The rate of emergence of leaves depends primarily on temperature. From December to

4240

Ϯ;ϲĚĂǇƐͿ
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Ϯϰ

predicted by HDF. [See reference tables below.]

WT0708161148PDX

of the crude protein (CP percent) content and therefore nitrogen removal per ton as

relatively uniform manure applications planned by HDF. These varieties also have about ½

(Yield lbs/ac) seasonally which results in variable nutrient removal and does not match with

ŽŵŵĞŶƚϭϭ͗dŚĞ,&ƉƌĞĚŝĐƚŝŽŶŽĨŶŝƚƌŽŐĞŶƌĞŵŽǀĂůǁŝƚŚ<ŝŬƵǇƵ ŐƌĂƐƐŐƌĂǌŝŶŐŝƐŽǀĞƌƐƚĂƚĞĚ
and not documented.
Two species of <ŝŬƵǇƵ on Hawai॒i have been documented to have widely variable yields
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reduce the nutrients removed and increase the nutrients discharged.

Actual farm wide average yields will likely be closer to the CTAHR data which will further

tons = 545 lbs N/yr/ac

Ϯϱ

Protein x 3.4 = lbs of nitrogen/ton of forage at 9.7 percent protein = 33 pounds N/ton so 16.4

without reference documentation.

data, the total nitrogen removal is 545 lbs/ac/yr not the 1090 lbs/ac/yr proposed in the DEIS

plus one and a half standard deviation to represent maximum crude protein in the CTAHR

Using the HDF yield predictions and the protein content at the upper crude protein percent
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Ϯϲ

8 HDF DEIS Appendix C at p. 4.
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uptake is proportional to yield and is presented in Appendix C to have a very wide range.

has a range of 3.0 – 25.1 (minimum in March, maximum in September).8 The nutrient

The authors of Appendix C report that the <ŝŬƵǇƵ grass yield of 16.3 tons dry matter/ac/yr

other conditions are ideal.

rates and nutrient uptake rates that trend with these environmental variables even if all

year. All plants respond to sunlight, temperature, and moisture and have variable growth

<ŝŬƵǇƵ grass in any climate are documented to use nutrients uniformly every day of the

farm trial is uniformly distributed over 365 days per year. No plants in Hawai॒i and no

nutrient uptake information from a farm trial. The total annual nutrient uptake from the

production and removal. However, The nutrient analysis uses undocumented yield and

Comment 12: <ŝŬƵǇƵ ŐƌĂƐƐŝŶƚŚĞŶƵƚƌŝĞŶƚďĂůĂŶĐĞĂŶĂůǇƐŝƐŝƐƉƌĞƐĞŶƚĞĚŝŶĐŽƌƌĞĐƚůǇĂƐŚĂǀŝŶŐ
ĂƵŶŝĨŽƌŵŶƵƚƌŝĞŶƚƵƉƚĂŬĞĞǀĞƌǇĚĂǇŽĨƚŚĞǇĞĂƌ.
HDF presents the nutrient balance analysis in Appendix C of the DEIS as the basis of nutrient

K&,t/͚/dD EK)

PRODUCTIVITY, AND SOIL HEALTH. RUSSELL zK^d͕E/,K>^<Zh'Z UNIVERSITY

NUTRIENT STATUS: IMPLICATIONS FOR LONG-TERM SUSTAINABILITY,

Comments on: HDF DEIS APPENDIX C (,t/॒//Zz&ZD^^K/>^^>/E
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variability:
Ϯϳ

paddocks have different soil types. At the same time, Appendix C to the DEIS acknowledges

paddock under each irrigation method in tables 22A and 22B regardless of whether the

ŽŵŵĞŶƚϭϯ͗dŚĞŶƵƚƌŝĞŶƚďĂůĂŶĐĞŝŶĐŽƌƌĞĐƚůǇĂƉƉůŝĞƐƚŚĞƐĂŵĞĂŵŽƵŶƚŽĨŶƵƚƌŝĞŶƚƐ
ƵŶŝĨŽƌŵůǇƚŽĂůůƐŽŝůƚǇƉĞƐŝŶĂůůƉĂĚĚŽĐŬƐ ƵŶĚĞƌĞĂĐŚŝƌƌŝŐĂƚŝŽŶŵĞƚŚŽĚ.
HDF’s nutrient balance erroneously presents uniform nutrient applications on every

the forage that is possible on the land available with yields documented in scientific studies.

elements (Marias 2001). The 2000 head herd cannot make the projected milk yields with

magnesium and calcium needs of dairy cattle since <ŝŬƵǇƵ grass is deficient in these

and significant feed supplements will be needed to provide required sodium, potassium,

A large amount of additional imported feed will be required if reserve forage is not available

year requiring some reserve forage”).

nutrients. These preliminary results indicate that productivity varies sharply throughout the

that forage yields would increase considerably with optimal irrigation and application of

DEIS and forage is only mentioned in the note to Table 2 of Appendix C (“Note: It is likely

ĞŶĞƌŐǇĂǀĂŝůĂďůĞŝŶ<ĂƵĂŝ͘ No mention of making hay or reserve forage is detailed in the

25.1 tons of dry matter/acre in September is not possible with any crop with the solar

of the grass which is variable with climatic conditions. Further, the high end of the yield of

are many days, weeks, and months when the nutrients applied exceed the nutrient uptake

nutrients deposited by a constant number of grazing cattle it becomes obvious that there

year. When variable grass yield and variable nutrient uptake is compared to the uniform

HDF’s nutrient balance is not correct in presenting uniform nutrient uptake every day of the

COMMENTS ON DAIRY MANAGEMENT, DAIRY WASTE MANAGEMENT, CROPPING, AND SOIL CONDITIONS RELATIVE TO DAIRY WASTE
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been accounted for in HDF’s nutrient balance.

content, and fertilization needs can be as much as 25 percent to 50 percent

dS m-1 0.44 0.04 – 1.73
percent 2.49 0.68 – 6.2
percent 0.17 0.002 – 0.51

Soil salinity (electrical conductivity)

Total Carbon

Total Nitrogen

WT0708161148PDX

Ϯϴ
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10 HDF DEIS Appendix D at p. 7.

protected.

has been modified by man but still meets the criteria of waters of the state and should be

Ϯϵ

The stream through the center of the valley as Waiopili Stream, a natural water course, that

enjoyment be protected.” 10

[marine] waters is that their use for recreational purposes and aesthetic

quality standards in HAR §11-54, which states: the objective of Class A

and “This stretch of open coastal waters is classified as Class A for water

project site are not classified for protection by the Department of Health”

“The drainage ways and ditches within DĈŚĈ॒ƵůĞƉƻ Valley and within the

Comment 14: AƉƉĞŶĚŝǆŝŶĐŽƌƌĞĐƚůǇĚŝƐŵŝƐƐĞƐ ƚŚĞŝŵƉŽƌƚĂŶĐĞŽĨƉƌŽƚĞĐƚŝŶŐtĂŝŽƉŝůŝ^ƚƌĞĂŵ
ĂŶĚƚŚĞĐŽĂƐƚĂůǁĂƚĞƌƐĂŶĚďĞĂĐŚ͘
HDF’s Appendix D states:

DAIRY FARMS. GROUP 70 INTERNATIONAL AND RED BARN CONSULTING.)

9 HDF DEIS Appendix C at p. 67.

4 is very large among the soil types and will result in major differences in nutrient losses

of the DEIS. The range of background nutrient concentrations in the soils as shown in Table

HDF presents a range of background nutrient concentrations in the soils as shown in Table 4

cmol kg-1 11.1 4.8 – 19.7

Exchangeable calcium
cmol kg-1 1.13 0.24 – 4.44

cmol kg-1 21.3 5.2 – 46.5

Exchangeable potassium

Exchangeable sodium

cmol kg-1 0.58 0.1 – 6.7

Extractable phosphorus

Exchangeable magnesium

pH – water 6.8 (4.7 – 8)
mg kg-1 17.2 7.1 – 49

Soil Measurement Mean (Range)

Table 4. Overall means (and range) for soil pH, soil nutrients phosphorus, potassium, calcium, magnesium and sodium

among the soils of the dairy.” 9

and sodium (dĂďůĞϰ). These baseline results indicate major differences

widely for the values of soil pH, potassium, calcium, magnesium, salinity (EC),

becomes plant available (Jackman et al. 1997). The soil map units varied

phosphorus with the soils at the HDF site, sharply reducing the amount that

quite inefficient, because of the extensive sorption and binding reactions of

calculation. The addition of phosphorus from a commercial fertilizer is also

Comments on: HDF DEIS APPENDIX D (NUTRIENT BALANCE ANALYSIS FOR HAWAIӁI

the DEIS. The background nutrients in soil that will be available for plant uptake have not

fertilizer can be inefficient with respect to forage production and protein

greater than the arithmetical difference resulting from a nitrogen balance

from the soils when the soils are all loaded with equal amounts of manure as presented in

COMMENTS ON DAIRY MANAGEMENT, DAIRY WASTE MANAGEMENT, CROPPING, AND SOIL CONDITIONS RELATIVE TO DAIRY WASTE
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“Fertilization, especially the additional of nitrogen from a commercial
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station is not maintained and data are not recorded. This station is not suitable for use in a

years. Data are commonly missing on weekends when apparently, the manually operated

site is missing over 50 days of record for every year and over 100 days of record for many

30 years.” An evaluation of the data from station 941.1 by a climatologist reveals that the

rain is very unusual for DĈŚĈ॒ƵůĞƉƻ Valley with this only having occurred 5 times in the last

precipitation total (MDPR). The data suggests that having more than a week of consecutive

ranked based on days of consecutive rainfall (DAPR) and the corresponding multiday

12/31/2013 for a total of approximately 10,957 days (30 years). The rainfall events were

“The data record analyzed included daily precipitation records from 1/1/1984 to

= 24.4, Latitude = 21.90194, Longitude = -159.42111. The HDF makes the statement that

(GHCND:USC00515710 – D , ͚h>Wnϵϰϭ͘ϭ,/h^Ϳ͘dŚĞƌĂŝŶŐĂƵŐĞŝƐůŽĐĂƚed at: Elevation

DĈŚĈ॒ƵůĞƉƻ 941.1 rain gauge located on the farm off of DĈŚĈ॒ƵůĞƉƻ Road

upon rain gauge data obtained from NOAA National Climatic Data Center for the

Comment 15: HDF ƵƐĞĚĨĂƵůƚǇĐůŝŵĂƚŝĐĚĂƚĂĂƐƚŚĞďĂƐŝƐŽĨƚŚĞǁĂƚĞƌďĂůĂŶĐĞĂŶĚŶƵƚƌŝĞŶƚ
ďĂůĂŶĐĞĂŶĂůǇƐŝƐ͘
The HDF water balance and nutrient balance are incorrect partially because they are based

wading across the stream following the beach trail.

unique geology. Manure in the stream and on the beach will be in contact with humans

end of the path for hikers and riders that are going to observe the nearby cave entrance and

WT0708161148PDX

11 HDF DEIS Appendix C, Table 4 on p. 12.

balance.11

Comment 16͗,&ƵƐĞĚĨĂƵůƚǇĐůŝŵĂƚŝĐĚĂƚĂĨŽƌƚŚĞŝƌƌŝŐĂƚŝŽŶǁĂƚĞƌďĂůĂŶĐĞ.
HDF used daily rain gauge data from DĈŚĈ॒ƵůĞƉƻ to determine the irrigation water

missing data from the record of station 941.1.

Appendix E will impair recreational use. Waiopili Stream crosses the beach at a point that

has a well used hiking path and horseback riding trail. The beach is a final destination at the

dairy water balance or nutrient balance analysis. The graphic below is an analysis of the
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The discharge of manure on the beach and near shore waters as referenced in the
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0.39in/irrigation exceeds the water infiltration capacity of most of the soil under the pivots
and will result in ponding and runoff. The CH2M models assume irrigation application rates
that are less than soil infiltration rates to result in complete infiltration.

longer periods of no rainfall than actual. HDF also uses the UH MĈnoa Dept of Geography

interactive map weather data and Lihue airport weather data which are both high quality

but are only used when it reduces the apparent risk of inclement weather causing

ϯϮ

the stream buffer.
WT0708161148PDX

relying on the smart valves to stop and start manure application as the machine approached

this type of irrigation machine being used to apply manure effluent while crossing a stream

does not present, and CH2M could not identify precedent for any regulatory acceptance of

complexity that they have more failures than common center pivot irrigation machines. HDF

ŽŵŵĞŶƚϭϳ͗,&ŝƐƐĞƚƚŝŶŐĂŶĞǁƉƌĞĐĞĚĞŶt ĨŽƌƵŶĂĐĐĞƉƚĂďůĞƌŝƐŬŽĨƐƉƌĂǇŝŶŐŵĂŶƵƌĞ
ĞĨĨůƵĞŶƚĚŝƌĞĐƚůǇŝŶƚŽĂƐƚƌĞĂŵďǇƵƐĞŽĨƐŵĂƌƚǀĂůǀĞƉŝǀŽƚƐƚŚĂƚĐƌŽƐƐƚŚĞƐƚƌĞĂŵŽŶďƌŝĚŐĞƐ.
The smart valve pivots are complex irrigation machines available. It is because of their

33

and application of up to 0.39 inches of irrigation onto the paddocks. The application rate of

believe that the site has less rainfall, less frequent storms that are of reduced intensity, and

WT0708161148PDX

application rotation and irrigation rate for this machine would include a 48-hour rotation

up to 18 days of missing data. The use of this station with missing data has caused HDF to

environmental impacts.

The smart valve pivot is capable of spraying at a rate of 1,030 gpm. A somewhat typical

components prone to failure as compared to standard center pivot irrigation machines.

programmable logic valves and valve control air system greatly increases the number of

increased number of components and the addition of GPS location equipment and

used on a dairy for irrigation water only with no manure and no stream nearby. The

See the following example photo of less than 1/10th of the equipment on a smart pivot

because of the consequence of a failure causing manure irrigation directly into the steam.

Smart valve pivots should not be used for manure application while crossing water courses
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contains missing data in every year of record and nearly every month. Some months contain

The data quality from DĈŚĈ॒ƵůĞƉƻ Station 941.1 is poor and incomplete. This station

159.422W).

from h,DĈŶŽĂĞƉĂƌƚŵĞŶƚŽĨ'ĞŽŐƌĂƉŚǇ͕ϮϬϭϰǀĂƉŽƚƌĂŶƐƉŝƌĂƚŝŽŶDĂƉƐ;>ĂƚϮϭ͘ϵϬϳE͕

dated August 1985 for station DĈŚĈ॒ƵůĞƉƻ 940.00. HDF obtained evapotranspiration data

obtained pan evaporation data from State of Hawai॒i DLNR Pan Evaporation Report R74

produce a more favorable result even if the data source is not the best choice. HDF

HDF utilized multiple sources of climatic data and appears to selectively utilize the data that
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irrigation) during the spring, summer and fall seasons with only a modest demand for
WT0708161148PDX

droplets of all sizes that volatilize odor agents and drift in the wind. Many application
WT0708161148PDX

The DEIS states: “The demand indicates a clear deficit in precipitation (and need for

yield.

irrigated pasture which is documented in Hawai॒i to be approximately ½ of the irrigated

overloaded area on the farm. HDF does not mention the reduction of yields from non-

slurry on only 42 acres of non-irrigated pasture making this area the most nutrient

of water stress in summer and will have reduced nutrient uptake. HDF puts all manure

35

The areas with slurry application but no irrigation will result in reduced grass yields because

as nutrients in the form of fertilizer, slurry, and manure from grazing cows.

some non-irrigated pasture areas will still receive water in the form of precipitation as well

While non-irrigated areas do not receive regular irrigation to meet crop water demands,

mauka areas of the farm where the pivots and gun irrigation systems are unable to reach.

ŽŵŵĞŶƚϭϵ͗,&ĚŽĞƐŶŽƚĂĐĐŽƵŶƚĨŽƌƚŚĞƌĞĚƵĐƚŝŽŶŽĨǇŝĞůĚƐĨƌŽŵŶŽŶ-ŝƌƌŝŐĂƚĞĚƉĂƐƚƵƌĞ
ǁŚŝĐŚŝƐĚŽĐƵŵĞŶƚĞĚŝŶ,ĂǁĂŝ॒ŝƚŽďĞĂƉƉƌŽǆŝŵĂƚĞůǇЪŽĨƚŚĞŝƌƌŝŐĂƚĞĚǇŝĞůĚ.
Approximately 26.2 percent of the total pasture area will not be irrigated, primarily in the

runoff and is not a best management practice for manure application.

will greatly increase the frequency and duration of ponding and the magnitude of manure

irrigation for manure application plus gun irrigation for water application on the same field

irrigation systems and often results in increased ponding and runoff. The use of gun

instantaneous application rate of gun irrigation systems is several times higher than pivot

pressure and do not create as much odor volatilization and mist as gun sprinklers. The

methods such as spray tank trailers apply the slurry near the ground surface with gravity
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65+ foot radius from the gun and can have over 30 ft. of vertical trajectory causing a mist of

equipment associated with manure application odors. Gun Irrigation sprays manure in a

The hard hose reel gun system for manure slurry is the most common application

will be completely separate from the gun irrigation system in the makai areas of the farm.

irrigation to meet the daily water demand of the grass crop. The slurry application system

paddocks much like commercial fertilizer would be applied, is not relied upon for regular

be used to apply solids from the settling pond where needed to provide nutrients to the

rotating, hard-hose reel gun system will be installed for slurry application. This system will

system in makai areas of the farm, where the center pivots are unable to reach. A separate

ŽŵŵĞŶƚϭϴ͗,&ŚĂƐƐĞůĞĐƚĞĚďŝŐŐƵŶƐƉƌĂǇŝƌƌŝŐĂƚŽƌƐƚŽĂƉƉůǇŵĂŶƵƌĞƐůƵƌƌǇĞǀĞŶƚŚŽƵŐŚ
ƚŚŝƐŝƐƚŚĞĂƉƉůŝĐĂƚŝŽŶŵĞƚŚŽĚŵŽƐƚĐŽŵŵŽŶůǇĂƐƐŽĐŝĂƚĞĚǁŝƚŚŽĚŽƌĐŽŵƉůĂŝŶƚƐ.
The gun irrigation system for irrigation water will utilize a rotating, hard-hose reel gun
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Manoa Dept of Geography interactive maps. The maps interpret data from many sources

acres of gun Nutrient Balance Analysis irrigation area, which equates to

14 HDF DEIS, Appendix C at p. 29 and 35.
15 HDF DEIS Appendix C, notes to Table 12 on p. 7.

WT0708161148PDX

12 HDF DEIS, Appendix C at p. 36.

13 HDF DEIS, Appendix C at p. 36.
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location to the wet end of the valley dramatically changes the results giving by the UH

rate of 0.24 inches per acre per day on 285.1 acres of pivot area and 61.4

37

and show the variation of rainfall and ET over the area of the farm to be quite variable. The

case (lowest ETo) is the wet upper end of the valley of the dairy farm. Moving the sample

irrigation systems will be designed and sized for an upper – end application

Monthly evapotranspiration rate (in/mo) for a grass reference obtained from
h,DĈŶŽĂ Dept. of Geography, 2014 Evapotranspiration Maps (Lat 21.907N,
159.422W)
Monthly crop evapotranspiration rate (in/mo) for <ŝŬƵǇƵ grass calculated using
a crop coefficient of 0.85
Average rainfall from the 30-year daily record of DĈŚĈ॒ƵůĞƉƻ Station 941.1
from January 1984 through December 2013.
Effective precipitation assumed to consist of up to 0.80 inches of rain, shown at
the DĈŚĈ॒ƵůĞƉƻ Station 941.1. Daily amounts greater than 0.80 inches are
assumed to become runoff 15

The latitude and longitude used for ETo are for the dry lower end of the valley. The worst

Pe

P

ETc, Crop

ETo, Grass
Reference

ŽŵŵĞŶƚϮϭ͗dŚĞƐŝŐŶŝĨŝĐĂŶƚǀĂƌŝĂďŝůŝƚǇŽĨƌĂŝŶĨĂůůĂĐƌŽƐƐƚŚĞĨĂƌŵŝƐŶŽƚĐŽŶƐŝĚĞƌĞĚŝŶHDF’s
ǇŝĞůĚĞƐƚŝŵĂƚĞƐ͕ŝƌƌŝŐĂƚŝŽŶĂŶĚŵĂŶƵƌĞĂƉƉůŝĐĂƚŝŽŶƌĂƚĞƐ͕ĂŶĚŶƵƚƌŝĞŶƚďĂůĂŶĐĞ.
The DEIS utilizes the following sources for climatic data:

irrigation machine.

under each irrigation method. Some areas of low infiltration rate soils exist under every

runoff and ponding but HDF gives no consideration of the variable soil infiltration rates

0.39 inches of irrigation onto the paddocks. . . Under typical conditions, the

pivot machines would include a 48-hour rotation and application of up to

“A somewhat typical application rotation and irrigation rate for the center

ŽŵŵĞŶƚϮϬ͗ ,&ƉƌĞƐĞŶƚƐŵƵůƚŝƉůĞŝƌƌŝŐĂƚŝŽŶĂƉƉůŝĐĂƚŝŽŶƌĂƚĞƐĂŶĚŵŽƐƚŽĨƚŚĞŵĂƌĞŝŶ
ĞǆĐĞƐƐŽĨƐŽŝůŝŶĨŝůƚƌĂƚŝŽŶƌĂƚĞƐŽŶĂƚůĞĂƐƚƉĂƌƚŽĨƚŚĞƐŽŝůƵŶĚĞƌĞĂĐŚŝƌƌŝŐĂƚŝŽŶŵĞƚŚŽĚ.
The DEIS states:

reduced production and reduced nutrient uptake.

areas is documented even though 26.2% of the pasture area is non-irrigated and will have

for the reduced feed availability is presented, and no reduction in nutrient loading in these

HDF fails to present yields from non-irrigated areas as part of the farm trials, no adjustment

reducing precipitation available to the crop.

The irrigation rate must be less than the infiltration rate of the most limiting soil to prevent

average.” 14

be up to 0.80 inches of the daily rainfall amount with the assumption that remaining rainfall

greater than 0.80 inches is either lost to deep percolation into the soil or runoff, 13 thereby

approximately 2.26 million gallons per day (MGD) of irrigation per day, on
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irrigation during the winter season.” 12 HDF assumes effective precipitation is assumed to
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compaction of soils or disturbance in the soil structure caused by machine cultivation.

Additionally, grass yields are directly related to soil compaction, whether through hoof

their excreted manure will be discharged directly onto the grass in the paddocks.

spend 22 hours (16 waking hours) in the paddocks, where a corresponding proportion of

selected by grazing animals. The pasture-based system enables the mature dairy cows to

which leaves behind forage that is trampled, has manure on it, or is too coarse to be

harvest for the trials. Clipping forage always results in higher yield estimates than grazing

Comment 23: dŚĞŐƌĂƐƐǇŝĞůĚĂŶĚŶƵƚƌŝĞŶƚƵƉƚĂŬĞĂƌĞĨƌŽŵĂĨĂƌŵƚƌŝĂůƚŚĂƚŝƐŶŽƚƐƵƉƉŽƌƚĞĚ
ďǇĂŶǇƌĂǁdata͕ĚĂƚĂĂŶĂůǇƐŝƐ͕ ŽƌĚŝƐĐƵƐƐŝŽŶŽĨƚŚĞƐĐŝĞŶƚŝĨŝĐ ĂŶĂůǇƐŝƐĂŶĚƐĐŝĞŶƚŝĨŝĐĚĞƐŝŐŶŽĨ
ƚŚĞƚƌŝĂůƚŽǀĂůŝĚĂƚĞƚŚĞƌĞƐƵůƚƐ.
HDF does not currently have cattle and therefore, cannot utilize grazing as a method of

addressed by HDF.

breeding in livestock water in troughs is a common problem worldwide and mitigation is not

travel beyond the site boundaries to impact the local resort and community. Mosquito

access to drinking water at all times. Mosquitos will breed in the water troughs and can

ŽŵŵĞŶƚϮϮ͗,&ĨĂŝůƐƚŽĚŝƐĐƵƐƐŵŝƚŝŐĂƚŝŽŶĨŽƌůŝǀĞƐƚŽĐŬǁĂƚĞƌƚƌŽƵŐŚƐǁŚŝĐŚǁŝůůƉƌŽǀŝĚĞ
ideal ŚĂďŝƚĂƚĨŽƌŵŽƐƋƵŝƚŽďƌĞĞĚŝŶŐ.
Two concrete troughs, at minimum, will be installed in each paddock to give animals easy

with irrigation, anticipated growth rates in DĈŚĈ॒ƵůĞƉƻ are estimated to be some of the

presented in other comments the use of Station 941.1 is not valid.

WT0708161148PDX

17 HDF DEIS Appendix C at 71.

16 HDF DEIS Appendix C at p. 62.

pounds in a 20-year planning period.

Over-application of phosphorus by 300 lbs/month is 3600 pounds per year and 72,000

application types, could be expected.” 17

areas. An excess of over 300 lbs of phosphorus per month from these two

of DM per acre per year, in both the liquid application and slurry application

of manure only slightly exceeds the crop demand at a crop yield of 16.3 tons

“At 2,000 mature dairy cows, the amount of phosphorus applied in the form
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ŽŵŵĞŶƚϮϰ͗dŚĞ/^ĨĂŝůƐƚŽĂĚĚƌĞƐƐƚŚĞŶĞŐĂƚŝǀĞŝŵƉĂĐƚƐŽĨŝŶƚĞŶƚŝŽŶĂůŽǀĞƌĂƉƉůŝĐĂƚŝŽŶŽĨ
ƉŚŽƐƉŚŽƌƵƐ.
The DEIS states:

papers.

environment. The trial results are not supported by peer reviewed journals or scientific

sustainable on a farm wide basis with grazing and consideration of nutrient losses to the

anticipates that over-fertilization may have produced luxuriant growth that is not

No information is provided on the rate of fertilization applied to the field trial plot. CH2M

best in the world.” 16

The DEIS states: “<ŝŬƵǇƵ’s response to fertilization is very good and linear, and combined

COMMENTS ON DAIRY MANAGEMENT, DAIRY WASTE MANAGEMENT, CROPPING, AND SOIL CONDITIONS RELATIVE TO DAIRY WASTE
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point selected to represent the farm is not the average and is not the worst case. As
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detailed water and nutrient balance estimates nitrogen losses to the environment to be
many times higher than the average conditions presented in the DEIS.

phosphorus will enter groundwater and surface water and create nuisance algae and

aquatic weed growth. The excess of phosphorus applied over the amount utilized by the

WT0708161148PDX
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19 HDF DEIS p. 3-32.

The environmental impact of this practice is unacceptable.

that this quantity of nutrients could be taken up by <ŝŬƵǇƵ grass in a short period of time.
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in most of the manure ponding and running off the site during the storm, as there is no way

high rainfall. Rapid dosing of all stored manure just prior to a major storm event will result

of nitrogen and phosphorous available to infiltrate or runoff the site during the period of

Emptying the ponds onto the fields prior to the storm would provide even greater amounts

ponds when the storm arrives.” 19

storm is forecast six days prior, then virtually no effluent would remain in the

could also be pumped empty within an additional 40 hours. If the forecasted

to potential impact from an approaching storm event, the settling pond

forecast, the time to empty the pond is around 100 hours. If warranted due

“Nonetheless, if the storage pond were full and if a cataclysmic storm was

18 HDF DEIS Appendix C at 4.

solar inputs (growing degree days) documented.

effluent, and nowhere is the variable growth curve of grass with variable temperatures and

tons annually 18 but many paddocks are not irrigated, many are not receiving slurry or

HDF presents the yield of <ŝŬƵǇƵ as high as 25 tons/month in September and averages 16.3

in the region.

region to erroneously present rainfall risks as lower than indicated by all other weather data

of irrigation method. HDF uses the weather station with the poorest quality of record in the

Comment 25: dŚĞ,&ŚĂƐĞƌƌŽŶĞŽƵƐůǇƵƐĞĚĂǀĞƌĂŐĞƐŽŝůĐŽŶĚŝƚŝŽŶƐ͕ĂǀĞƌĂŐĞŵĂŶƵƌĞ
ĂƉƉůŝĐĂƚŝŽŶƐ͕ĂǀĞƌĂŐĞǁĞĂƚŚĞƌ͕ĂǀĞƌĂŐĞŝƌƌŝŐĂƚŝŽŶ͕ĂŶĚĂǀĞƌĂŐĞǇŝĞůĚƐƚŽƉƌĞƐĞŶƚĂĨůĂǁĞĚ
ŶƵƚƌŝĞŶƚďĂůĂŶĐĞ.
HDF’s Appendix C on soils presents extreme differences in soil conditions under every type

compounded by the reduced yield likely to occur in the non-irrigated fields.

upon other peer-reviewed studies (Fukumoto 2003 and Marias 2001). This would also be

Report and the more likely lower phosphorus removal rates of the grazed <ikuyu based

ŽŵŵĞŶƚϮϲ͗,&ƉůĂŶƐƚŽĞŵƉƚǇƚŚĞŵĂŶƵƌĞƐƚŽƌĂŐĞƉŽŶĚƐŽŶƚŽƉĂĚĚŽĐŬƐƉƌŝŽƌƚŽ
ĐĂƚĂĐůǇƐŵŝĐƐƚŽƌŵƐďƵƚĨĂŝůƐƚŽƉƌŽǀŝĚĞĂŶĂůǇƐŝƐ ŽĨĞŶǀŝƌŽŶŵĞŶƚĂůŝŵƉĂĐƚƐ ŽƌŵŝƚŝŐĂƚŝŽŶ.
The DEIS states:

the model and assumptions and model output are included in Attachment 1. CH2M’s

the soil storage capacity and result in release of phosphorus to the environment. The excess

grass would be greater due to the increased manure production calculated in the Meyer

CH2M prepared a water and nutrient balance to compare to HDF’s DEIS. A description of
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It will only take a few years at this rate of excess application of phosphorus to overwhelm
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water quality consideration. Any drainage of paddocks with grazing cattle on an 18 day
rotation will certainly drain manure with surface water when the cattle are on the paddock

<Ă͚ĞŶĂůĂǇ͕<ĂůĂƉĂ^ŝůƚǇůĂǇĂŶĚ<ĂůŝŚŝůĂǇ͕ǁŚŝĐŚĂƌĞƉƌŽŶĞƚŽĐŽŵƉĂĐƚŝŽŶĂŶĚƚŚĞh^

characterizes as “poorly drained”. The DEIS states:

ϰϮ

discussion of adding drains to remove surface water is not supported by any design or

northern part of the farm runs through this area. The dominant soils on the lower farm are

overly-wet conditions, so the farm must be managed to make sure the

characteristics. <ŝŬƵǇƵ itself doesn’t grow as effectively in inundated or

manage different areas of the farm based on soil types and drainage

the farm is in operation, different operational conditions may be used to

WT0708161148PDX

surface of these areas to reduce soil dry time and to restore grazing. Once

may also be installed and used to remove non-nutrient laden water from the

observed to be dry enough to graze, even without a <ŝŬƵǇƵ thatch. Drains

a significant rain event (diversion to a retention area, etc.), the soils are

than two days after heavy rain and with management of surface water after

resources as runoff, and therefore nutrients, are contained. However, less

While this makes grazing difficult, it also protects other surface water

WT0708161148PDX

20 HDF DEIS Appendix C at p. 94-95.

farm trial yield estimates. Yields across the farm will be highly variable.

43

drained soils which are not ideal for <ŝŬƵǇƵ grass production and are not represented in the

All operational conditions should be defined for review. A vast area of the farm has poorly

presented in the DEIS.

characteristics is not defined and could easily result in greater environmental impact than is

be used to manage different areas of the farm based on soil types and drainage

a concentrated area. The presentation of the idea that different operational conditions may

Even if it drains to a retention basin, the basin will have infiltration of high nutrient water in

during a storm event. Any drain will be a short circuit of manure directly to the stream.

at all in some areas, then others must be overloaded to take the additional nutrients. HDF’s

heavy, flood frequently and are difficult to grow crops upon. Much of the water from the

“The poorly drained soils retain nutrients as the soils tend to hold water.

HDF’s nutrient balance calculations assume use of all areas, but if nutrients are not applied

paddocks are used, and if nutrients are applied at all in specific areas.” 20

drainage system is effective. Winter weather may dictate if certain areas or
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ŽŵŵĞŶƚϮϳ͗HDF’s ŶƵƚƌŝĞŶƚďĂůĂŶĐĞĐĂůĐƵůĂƚŝŽŶƐĨĂŝůƚŽĐŽŶƐŝĚĞƌƵƐŝŶŐƌĞĚƵĐĞĚůĂŶĚĂƌĞĂƐĨŽƌ
ŵĂŶƵƌĞĂƉƉůŝĐĂƚŝŽŶĞǀĞŶƚŚŽƵŐŚƚŚĞƌĞƉŽƌƚŝĚĞŶƚŝĨŝĞƐƚŚĞůŝŵŝƚĂƚŝŽŶƐŽĨŵĂŶǇƉĂĚĚŽĐŬƐĂŶĚ
ƉƌĞƐĞŶƚƐĂĚĚŝƚŝŽŶŽĨĚƌĂŝŶƐƚŚĂƚĂƌĞŶŽƚǁĞůůĚĞĨŝŶĞĚ.
The DĈŚĈ॒ƵůĞƉƻ soils, particularly in the south-central portion of the farm are perceived as

COMMENTS ON DAIRY MANAGEMENT, DAIRY WASTE MANAGEMENT, CROPPING, AND SOIL CONDITIONS RELATIVE TO DAIRY WASTE
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23 HDF DEIS Appendix E at p. 38.

22 HDF DEIS Appendix E at p. 38.

environmental impacts. The statement that 10 percent of rainfall is runoff on only 373

or 100 percent. However, order of magnitude is too rough of an estimate to determine

45

The estimate as an order of magnitude may be correct since the runoff will not be 0 percent

in the alluvium of about 0.27 MGD.”23

These assumptions amount to a year-round average flowrate of groundwater

remaining 347 acres becomes recharge to groundwater in the alluvium.

373 acres of unirrigated area and 10 percent of the applied irrigation on the

“One order of magnitude estimate assumes 10 percent of the rainfall on the

The appendix also states:

nutrient losses for 55 inches of rainfall.

the wet end of the valley, which includes one of the effluent irrigation pivots to correct the

44.26” of rainfall. Both of these water balance calculations should also be performed for

water and nutrient balance uses only 49.95” of rainfall and the irrigation schedule uses only

end (site of DĈŚĈ॒ƵůĞƉƻ Station 941.1) to about 55 inches at its mauka end.” 22 The DEIS

Comment 29: dŚĞ/^ƵŶĚĞƌĞƐƚŝŵĂƚĞƐƉŽƚĞŶƚŝĂůŝŵƉĂĐƚs ŽĨƌĂŝŶƉůƵƐŝƌƌŝŐĂƚŝŽŶĂŶĚĚŝƐƌĞŐĂƌĚƐ
ƚŚĞǀĂƌŝĂƚŝŽŶŽĨƌĂŝŶĨĂůůĂĐƌŽƐƐƚŚĞĨĂƌŵ͘
Appendix E states: “Rainfall across the alluvium varies from 45 inches per year at the makai

identified in previous comments.

the DEIS author utilizing incomplete climatic data and the many errors and omissions
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21 HDF DEIS Appendix E at p. 38.

analysis and the Hawaii Dairy Farms Drainage Memorandum, which were both prepared by

The science of HDF’s Appendix E is compromised by the use of the flawed nutrient balance

Memorandum” (by Group 70 and dated August 2015).” 21

Consulting dated March 2016) and “Hawaii Dairy Farms Drainage

Balance Analysis for Hawaii Dairy Farms” (by Group 70 and Red Barn

2000 cows. The estimates herein rely heavily on information in the “Nutrient

initial farm size of 699 cows and the possible subsequent expansion of up to

conditions and to compare those amounts to forecast conditions with the

calculate the flow volumes and nutrient loading under “present” (pre-HDF)

surface and groundwater resulting from the development of HDF is to

“The approach to estimate potential increases of nitrogen and phosphorus in

Comment 28: Potential iŶĐƌĞĂƐĞƐŽĨnŝƚƌŽŐĞŶĂŶĚpŚŽƐƉŚŽƌƵƐlĞĂǀŝŶŐƚŚĞƉƌŽƉŽƐĞĚHDF site
ĂƌĞƵŶĚĞƌĞƐƚŝŵĂƚĞĚďǇƵƐĞŽĨƚŚĞĨůĂǁĞĚŶƵƚƌŝĞŶƚďĂůĂŶĐĞĂŶĂůǇƐŝƐĂƐƚŚĞďĂƐŝƐŽĨŶƵƚƌŝĞnt
ĂǀĂŝůĂďŝůŝƚǇ.
The DEIS Appendix E states:

IMPACTS TO GROUNDWATER AND SURFACE WATER.)

KAUAI. TOM NANCE WATER RESOURCE ENGINEERING ESTIMATES OF POTENTIAL

GROUNDWATER AND SURFACE WATER BY HAWAII DAIRY FARMS IN MAHAULEPU,

Comments on: HDF DEIS APPENDIX E (ESTIMATES OF THE POTENTIAL IMPACT ON

COMMENTS ON DAIRY MANAGEMENT, DAIRY WASTE MANAGEMENT, CROPPING, AND SOIL CONDITIONS RELATIVE TO DAIRY WASTE
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the HDF site, these additions would represent 6.6- and 8.4- fold increases of nitrogen and
phosphorus moving to ultimate discharge into the marine environment, respectively.”

These amounts are about 325 and 815 times greater than the estimates of

nitrogen and phosphorus currently carried in surface and groundwater

46

24 HDF DEIS Appendix E at p. 41.

environmental impact.

WT0708161148PDX

current rate not 325 times more, which has a significant influence on the predicted

calculations in Appendix E. The nitrogen circulating annually is 390 times more than the

fertilizer applications. This is over 100,000 pounds more than is considered in the

nutrients in manure from 2000 cows is 592,029 pounds per year even with no commercial

The Meyer Report and CH2M’s Root Zone Water Balance Models calculate that the total

environment.” 24

WT0708161148PDX

increases due to the operation of HDF are obviously substantial. To provide

“Relative to the nutrient loading under existing conditions, the potential

impacts:

47

acceptable because it is not as great as the combination of all other existing environmental

ŽŵŵĞŶƚϯϮ͗,&ƵƐĞƐĨŝƌƐƚŽƌĚĞƌĂƉƉƌŽǆŝŵĂƚŝŽŶƐƚŽĞƌƌŽŶĞŽƵƐůǇƉƌĞĚŝĐƚƚŚĞŝŵƉĂĐƚƚŽƚŚĞ
ůŽĐĂůĞŶǀŝƌŽŶŵĞŶƚĂƐŽŶůǇϮϲƉĞƌĐĞŶƚŽĨƚŚĞĞǆŝƐƚŝŶŐŶŝƚƌŽŐĞŶ ĚŝƐĐŚĂƌŐĞƐ ďƵƚ,ϮD͛Ɛ
ŵŽĚĞůŝŶŐĐĂůĐƵůĂƚĞƐƚŚĞŶŝƚƌŽŐĞŶĚŝƐĐŚĂƌŐĞĨƌŽŵϮϬϬϬĐŽǁƐĂƚϴϳϬƉĞƌĐĞŶƚŽĨĞǆŝƐƚŝŶŐ
ŶŝƚƌŽŐĞŶĚŝƐĐŚĂƌŐĞƐ.
HDF makes the unusual argument that a substantial new environmental impact is

fold increase. The detailed modeling is far more accurate than a first order approximation.

pounds per year. This is a 220-fold increase over existing conditions at the farm not an 8.4

The detailed modeling by CH2M calculates that the nitrogen loss from 2000 cows is 335,934

the 699- and 2000-cow herd sizes. Compared to the present contribution from and through

circulating 490,000 pounds of nitrogen and 87,000 pounds of phosphorus.

moving through the HDF site and ultimately discharging into the marine

900 pounds per year of phosphorus. Notably, these amounts would be the same for both

In round numbers, this would amount to about 10,000 pounds per year of nitrogen and

percolate to the shallow groundwater in the alluvium.”

“In rounded numbers and on an annual basis for both herd sizes, HDF will be

ŽŵŵĞŶƚϯϬ͗ƉƉĞŶĚŝǆuŶĚĞƌĞƐƚŝŵĂƚĞƐƚŚĞƚŽƚĂůŶŝƚƌŽŐĞŶĂƐƐŽĐŝĂƚĞĚǁŝƚŚŵĂŶƵƌĞĨƌŽŵ
ϮϬϬϬĐŽǁƐ ďǇϭϬϬ͕ϬϬϬƉŽƵŶĚƐƉĞƌǇĞĂƌ.
Appendix E states:

nitrogen and one (1) percent of the phosphorus of HDF’s annual manure and

rainfall and the runoff percent for irrigation would be additive on irrigated lands.

commercial fertilizer amounts are carried into the drainage ways and/or

“As a first order approximation, it is assumed that two (2) percent of the

ŽŵŵĞŶƚϯϭ͗dŚĞƵƐĞŽĨĂĨŝƌƐƚŽƌĚĞƌĂƉƉƌŽǆŝŵĂƚŝŽŶƵŶĚĞƌĞƐƚŝŵĂƚĞƐƚŚĞůŽƐƐŽĨŶŝƚƌŽŐĞŶƚŽ
ƚŚĞĞŶǀŝƌŽŶŵĞŶƚďǇĂƋƵĂƌƚĞƌŽĨĂŵŝůůŝŽŶƉŽƵŶĚƐƉĞƌǇĞĂƌĨŽƌϮϬϬϬĐŽǁƐ͘
Appendix E states:
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will also have additional runoff from irrigation water applications so the runoff percent for

much or more runoff of rainfall as the non-irrigated lands. In addition, the irrigated lands

lands will be near saturation more often than non-irrigated lands and will have at least as

acres of unirrigated land erroneously deletes rainfall runoff from irrigated lands. Irrigated
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much smaller total discharge of nitrogen. The impact of existing discharges is distributed
over a vast area. The dairy discharge is into shoreline waters from Waiopili stream which
drains both surface water and shallow groundwater from the dairy.

instructive. These additions include the production of domestic wastewater

and the application of fertilizers on the area’s two golf courses and other

landscaping.” 25

27,360
11,150
38,510

Domestic Wastewater

Fertilizing Landscaping

Total

26 HDF DEIS Appendix E at 45.
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cows is 335,934 pounds per year or 870 percent of the total of existing discharges. The

25 HDF DEIS Appendix E at 43 and 45.
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1260” 26
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WŚŽƐƉŚŽƌƵƐ;ůďƐͬǇƌͿ

The CH2M models predict that the nitrogen discharge to the water environment from 2000

EŝƚƌŽŐĞŶ;ůďƐͬǇƌͿ

ŽŶƚƌŝďƵƚŝŶŐ^ŽƵƌĐĞ

ŶǀŝƌŽŶŵĞŶƚůŽŶŐƚŚĞWŽŝƉƵ^ŚŽƌĞůŝŶĞ

“ƐƚŝŵĂƚĞŽĨƵƌƌĞŶƚ/ŶƉƵƚŽĨEŝƚƌŽŐĞŶĂŶĚWŚŽƐƉŚŽƌƵƐ /ŶƚŽƚŚĞDĂƌŝŶĞ

throughout the year in comparison to the expected episodic discharges from HDF.

as great as the potential discharge from HDF. These discharges are essentially constant

potential contribution from HDF. For phosphorus, the ongoing discharge is about 1.4 times

the Po॒ipƻ shoreline. For nitrogen, the ongoing amount is about 3.8 times the estimated

WT0708161148PDX

extent cannot be predicted simply by looking at existing environmental impacts from a

environment by other projects and/or users along the Poipu coastline is

For this set of assumptions, HDF tallies the ongoing input to the marine environment along

environmental impact of an increase in nitrogen discharge to the regional waters of this

49
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some perspective, a comparison to ongoing nutrient additions to the marine
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environment on a rare day of with low wind and wave action indicated that
mixing of surface water in the ocean occurs rapidly within a short distance of
the shoreline.

this set of assumptions, the ongoing input to the marine environment along

the Poipu shoreline is about 38,510 lb./yr. for nitrogen and 1,260 lb./yr. for

phosphorus. This amount of nitrogen is about 3.8 times (380 percent) higher

In response, CH2M reiterates its above comments 30, 31, and 32.

result of rainfall associated with storm conditions.”

comparison to the episodic discharges from HDF that will only occur as a

discharges from Poipu are essentially constant throughout the year in

WT0708161148PDX

as great as the potential discharge from HDF (900 lb./yr.). In addition, these

the ongoing discharge from the Poipu area is about 1.4 (140 percent) times

WT0708161148PDX

ocean. As Si is typically higher in groundwater than in surface water, the

values at mauka sampling stations that steadily decreased closer to the

The concentrations of Si displayed a different pattern, with the highest

and returned to low levels between the makai end of the site and the ocean.

the upper mauka HDF site, increased at stations located within the HDF site,

TP). Concentrations of these nutrients were lowest at the stations outside

consistent patterns for all nutrient constituents (NO3-, PO43-, NH4+, TN, and

With the exception of Silica (Si), surface water samples revealed relatively

recreational use. Measurements made of water chemistry in the marine

potential increases resulting from the operation of HDF are substantial. For

than the potential contribution from HDF (10,000 lbs./yr.). For phosphorus,

for humans to use, and does not represent an area of safe or unique

conditions, the reef flat where mixing occurs can be considered dangerous

flow to the west. Owing to shallow depth and almost continuous rough water

ocean water is consistently subjected to substantial wave action and current

sand and rubble flats. The intertidal reef flat where surface water mixes with

that terminates in a reef crest that slopes sharply on the seaward side to

“The nearshore marine environment consists of a shallow intertidal reef flat

ŽŵŵĞŶƚϯϰ͗dŚĞĂƐƐĞƐƐŵĞŶƚŽĨŝŵƉĂĐƚƐƚŽƚŚĞƐŚŽƌĞůŝŶĞǁĞƌĞŵĂĚĞǁŝƚŚĐŽŶƐŝĚĞƌĂƚŝŽŶŽĨ
ůŽǁůĞǀĞůƐŽĨŶŝƚƌŽŐĞŶĂŶĚƉŚŽƐƉŚŽƌƵƐǁŚŝĐŚĂƌĞŶŽƚĐŽƌƌĞĐƚ͘
DEIS Appendix F states:
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“Relative to the annual nutrient loading under existing conditions, the

ŽŵŵĞŶƚϯϯ͗/ƚŝƐƵŶĨŽƌƚƵŶĂƚĞƚŚĂƚƚŚĞƐĐŝĞŶƚŝƐƚƐƚŚĂƚƉƌĞƉĂƌĞĚĞĂĐŚĂƉƉĞŶĚŝǆhave used the
ĞƌƌŽŶĞŽƵƐĚĂƚĂĨƌŽŵƚŚĞ'ƌŽƵƉϳϬĂŶĚZĞĚĂƌŶ/^ĂƐƚŚĞďĂƐĞĂƐƐƵŵƉƚŝŽŶĨŽƌŶƵƚƌŝĞŶƚ
ďĂůĂŶĐĞƐĂŶĚǁĂƚĞƌďĂůĂŶĐĞƐ͘DŽƐƚŽĨƚŚĞƐĂŵĞĐŽŵŵĞŶƚƐŵĂĚĞƉƌĞǀŝŽƵƐůǇĂƉƉůǇƚŽƚŚŝƐ
ƌĞƉŽƌƚǁŚĞƌĞƚŚĞƉƌĞǀŝŽƵƐůǇĚŝƐĐƵƐƐĞĚŝŶĐŽƌƌĞĐƚĚĂƚĂŝƐƵƐĞĚ͘
DEIS Appendix F states (from Appendix E):

CONSULTANTS, INC.)

MARINE WATER CHEMISTRY D,h>Wh͕<h/. HAWAII MARINE RESEARCH

OF THE EFFECT OF THE PROPOSED HAWAII DAIRY FARM ON SURFACE WATER AND

Comments on: HDF DEIS APPENDIX F (BASELINE CONDITIONS AND AN ASSESSMENT

COMMENTS ON DAIRY MANAGEMENT, DAIRY WASTE MANAGEMENT, CROPPING, AND SOIL CONDITIONS RELATIVE TO DAIRY WASTE
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ϱϮ

27 HDF DEIS Appendix F. at p. 15.

environmental impacts.

present the nutrient discharge from the dairy and makes no assessment of the

WT0708161148PDX

impacts of the dairy on the surface water and marine water but it does not accurately

nitrogen is made. The title of this appendix implies that it makes an assessment of the

different. No assessment or prediction of the impact of 335,934 pounds per year of

If this analysis where made after the 2000 cow dairy were in place the results would be

shoreline.” 27

input is mixed to background oceanic values within meters of the

the ocean. While detectable in the nearshore area, groundwater nutrient

along the DĈŚĈ॒ƵůĞƉƻ shoreline indicate only a small input of groundwater to

NO3-, PO43-, TN, and TP) along with corresponding decreases in salinity

indicates two major patterns. Small elevations of inorganic nutrients (Si,

Analysis of water chemistry constituents sampled in the marine environment

through the HDF site and downgradient towards the ocean.

surface water is highest at the mauka end of the property, and decreases

observed pattern for Si indicates that the groundwater contribution to
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compared to the accuracy of the CH2M modeling using known historic weather.

increased discharges because of the uncertainty that HDF will have predicting weather
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irrigation management. Actual irrigation management will be less than perfect and result in

root zone water balance models for calculations of deep percolation losses with perfect

maintained at near field capacity (i.e., near saturation) to maximize yield. See the CH2M

flows of runoff from the farm will increase when storm events fall on irrigated land that is

will increase runoff from rain events as compared to the current site conditions. The peak

Increased antecedent moisture conditions of irrigated paddocks above current conditions

Comment 35: Appendix K ŽĨƚŚĞ/^ ĞƌƌŽŶĞŽƵƐůǇƐƚĂƚĞƐ that tŚĞƉƌŽƉŽƐĞĚĚĂŝƌǇŝƐŶŽƚ
ĞǆƉĞĐƚĞĚƚŽƐŝŐŶŝĨŝĐĂŶƚůǇŝŵƉĂĐƚĚƌĂŝŶĂŐĞĐŽŶĚŝƚŝŽŶƐĂŶĚƉĞĂŬĨůŽǁƉĂƚƚĞƌŶƐŽŶƚŚĞĨĂƌŵ.
Compaction of soil from 1200-pound cows grazing will increase the runoff potential.

GROUP 70 INTERNATIONAL.)

PASTURE AREAS FOR ,t/॒//Zz&ZD^͕D , ॒h>Wn͕<h॒/͕,t/॒/.
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states,

In issuing this conservation plan, the West Kauai Soil & Water
Conservation District relies on the information and data which you
provided to us. If, subsequent to the issuance of this approved
conservation plan, such information and data prove to be false,

The December 17, 2013 West Kauai SWCD soil conservation plan approval letter

This office represents Kawailoa Development, LLP. We understand that the West
Kauai Soil & Water Conservation District (“West Kauai SWCD”) and the U.S. Department of
Agriculture Natural Resources Conservation Service approved a soil conservation plan for
+DZDLދL'DLU\)DUPVSODQVWRGHYHORSD-DFUHGDLU\IDUPLQ0DKDދXOHSX9DOOH\RQ.DXDދL
(“Dairy”) which will operate with 1,800 milking cows.

Dear Mr. Tausend and Mr. Vinhateiro:

Re:

Ben Vinhateiro
District Conservationist
NRCS Service Center
4334 Rice Street, Room 104
Lihue, HI 96766-1801
Facsimile No.: (808) 246-4639

Peter Tausend, Chairman
West Kauai Soil & Water Conservation District
4334 Rice Street, Room 104
Lihue, HI 96766-1801
Facsimile No.: (808) 246-4639

VIA FACSIMILE AND
CERTIFIED MAIL
RETURN RECEIPT REQUESTED

info@goodsill.com x www.goodsill.com

TELEPHONE (808) 547-5600 x FAX (808) 547-5880

MAIL ADDRESS: P.O. BOX 3196
HONOLULU, HAWAII 96801

FIRST HAWAIIAN CENTER, SUITE 1600 · 999 BISHOP STREET
HONOLULU, HAWAII 96813

A LIMITED LIABILITY LAW PARTNERSHIP LLP

GOODSILL ANDERSON QUINN & STIFEL
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Dr. Deanne Meyer is a Research Scientist and Cooperative Extension Specialist in the Department of Animal Science at the
University of California, Davis (UC Davis). She holds a B.S. in Animal Science from UC Davis (1983) and an M.S .in Dairy
Science (1986) and a Ph.D. (1989) in Animal Science from the University of Florida, Gainesville. She minored in Food and
Resources Economics (M.S.) and Farming Systems and Agricultural and Extension Education (Ph.D.). Dr. Meyer’s research
analyzes production, collection, storage, transportation, and utilization of manure management waste stream(s) on livestock facilities
with an emphasis on commercial dairies. Research has focused on nutrient flows into, through and out of dairy operations including:
content of manure solids and liquids, water use, efficiency of mechanical and gravity flow separator devices, analyses of other
treatment technologies, nutrient distribution during land applications, and ammonia volatilization and PM10 emissions. Based on her
experiences in research and policy development related to atmospheric emissions she has served twice as panel manager for USDA
NIFA Air Quality grant review process. She maintains an active collaboration with San Joaquin Air District Staff since initial
development of Volatile Organic Compound (VOC) dairy cattle emission rates (2005) to assist with understanding mitigation
measures for implementation by dairy operators. Dr. Meyer worked with colleagues to reformat Table D384.1 Manure
Characteristics Standard for the American Society of Agricultural and Biological Engineers. These landmark modifications (2005)
allowed an end user to include biological input (dietary parameters) to estimate manure and nutrient excretion and not solely rely on
body weight. This was the first major revision to the Table D384.1 since its inception. Dr. Meyer has served on numerous advisory
committees working with Federal, State, and Regional regulatory agencies to better understand potential for nutrients from dairy
production operations to be emitted to soil, ground or surface water, or air. Dr. Meyer was a primary contributor to Livestock and
Poultry subcommittee responsible for white paper for USDA NRCS Agricultural Air Quality Task Force, Recommended Units and
Supporting Data for Standardized Reporting of Air Emissions from Animal Agriculture (2010) and is currently serving on US EPA
Scientific Advisory Board Animal Feeding Operation Emissions Panel. Dr. Meyer maintains an active outreach program to educate
dairy operators and professionals in water and air regulatory compliance requirements. Through this process she regularly interacts
with stakeholders and regulatory staff to provide scientific input and better understand needs of each agency.

University of California, Davis

Meyer, Deanne
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1. The Plan does not properly count the number of animals. The Plan cannot be approved if
the number of animals is unknown.
a. First, the Plan does not identify exactly how many animals will fall into each
category: (1) dry cows (pregnant, not lactating); (2) lactating cows; (3) bulls; or
(4) replacement heifers. How many total animals will be at the property?
b. Second, there is a discrepancy between the number of milking cows and the
number of mature cows. They are not interchangeable; from a regulatory
perspective, mature cows consist of all cows that have calved at least once.
c. Third, the Plan also fails to describe consistently how many cows will be in a
mob. This will determine how many mobs are present and how much time is
needed to get each mob to and from the milking parlor twice each day. If there
are too many mobs the animals will not be able to be milking even if capacity is
present in the parlor. It may take up to 30 minutes per mob for animals to
commute to or from the milking parlor for the distant mobs.
It is unclear if the dairy will have 699 milking cows, or 699 milking and dry cows.
Unless seasonal calving occurs, approximately 85% of cows are lactating and 15% are
dry (pregnant and not lactating). Anticipated number and age of support stock (day old
calves through first calving) must be defined. Animals are responsible for excreting

Hawaiދi Dairy Farms’ Waste Management Plan (“Plan”), dated July 23, 2014, contains
incomplete and/or contradictory information. Significantly, the Plan fails to address herd size
and composition, average expected milk production, potential nutrients available for land
application, reasonable expectation for crop yields in the early years, stocking rate, confirmation
that the settling pond will or won’t be aerated, reasonable recovery of estimated nitrogen
excretion, reasonable initial frequency and protocols for manure sampling, the need to import
more than 80% of nitrogen applied to pasture, the high fertilization rates compared to sugar cane
production, the minimum feedback analysis to determine if nutrient applications met or exceeded
crop needs and how to modify accordingly to be protective of water resources. The Plan also
contains numerous inconsistencies and contradictory information, such as herd size (both number
of animals and weight of cows), use of terminology (effluent, solids, manure), and that storage
ponds will have next to no odor then describe odor mitigations for the storage pond. The Plan,
as it currently stands, is highly problematic because insufficient information is provided to
determine if nutrient management of effluent, solids and manure will be consistent with pasture
needs and production and protective of water resources and how long term importation of
nutrients to the facility (fertilizer and feed) will impact existing natural resources and
surrounding landscape. The Plan identifies that all facilities and infrastructure presented in the
application are for 2000 cows. Yet, it is unclear when the base number of 699 or 2000 cows is
used. The Hawaiދi Department of Health (“Department”) should reject the Plan because it
cannot properly form a decision on the Plan’s sufficiency until all of these issues are resolved.
My comments on the Plan are as follows:

Comments on Hawaiދi Dairy Farms’ Waste Management Plan

August 11, 2014
Dr. Deanne Meyer
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7. The Plan does not provide information on the water holding capacity of various soils.
This information is required in order to properly evaluate the Plan because water holding
capacity of soil and soil porosity impact how fast water will infiltrate through the soil
profile to the underlying water table. Irrigation or rainfall on porous soil will result in
water leaching through the soil profile (moving from the surface of the soil through the
soil). The moving front of leaching water will carry nitrate nitrogen (nitrate does not
stick to soil particles) with it. This nitrogen will ultimately reach groundwater if it is not
denitrified by microbial processes during transit.

6. The Plan does not identify a maximum distance for cattle walking in a day. It indicates
that a mob will graze in an individual paddock for a day. For the outlying paddocks this
is considerable distance to walk to and from twice a day. Additionally, many of the
perimeter paddocks have greater slope which will require more energy for animals to
graze. This is significant because the greater walking distance and slope will affect the
efficiency of energy utilization by animals in a mob.

5. The Plan does not address what happens to calves once they leave the calf shed. This is
significant because once calves are moved to open paddocks, those paddocks are not
available for grazing for the milk herd. The excrement from calves must be accounted
for in nutrient management calculations.

4. The Plan does not address what happens to the daily wash water used to wash down the
feed area of the calf shed. This water and associated nutrients must be accounted for in
pond storage and effluent irrigation uses.

3. The Plan fails to address the stocking rate. This is critical information because the ratio
of animals per unit surface area will impact soil compaction and therefore impact water
infiltration rate and water runoff. Additionally, stocking rate should be determined based
on forage productivity and quality. Estimated yields and forage composition should be
used to determine stocking rate. The historic use of the land indicates soils are of low
fertility and maximum or average forage production should not be planned for during the
early stages of use. Recommendations for nitrogen fertilization on sandy soils growing
sugarcane are near 180 pounds. The plant biomass grown will be much greater in this
project with suggested nitrogen fertilization rates above 700 lbs per acre (requiring large
importation of nitrogen into the watershed).

2. The Plan fails to identify the estimated milk production and nutrient loading per day from
one cow or from the anticipated number of animals. This is important because milk
production drives feed intake. Nutrients consumed in feed that are not incorporated into
milk, body growth (during the first and second lactations) or the growing fetus (when
cows are pregnant) will be excreted. These excreted nutrients will be the basis for the
nutrients excreted by lactating cows that must be accounted for/included in the Plan.

manure and associated nutrients that must be accounted for/included in the Plan as well
as generating process water from the milking parlor or calf shed.
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13. The amount of time devoted to milking cannot be determined as described. If only one
mob is in the holding area/parlor at a time, there must be considerable down time as
described between mobs for one mob to return and another mob to come up to be milked.
Paddock rotation must be known to determine if all mobs will be milked successfully.

12. In-parlor feeding by definition will result in dust presence and accumulation. In-parlor or
supplemental feeding is done to provide needed nutrients that are not provided by pasture
consumption. Accumulated dust feed particles will provide substrate for flies and require
labor and water to remove. Fly management is important to minimize nuisance issues for
employees and minimize health issues for cows. Perhaps use of water to remove dust is
accounted for in the 30,000 gallons a day identified as dairy facility water (primarily for
wash water). However, only 10,667 gallons of process water from machine wash, yard
wash, and water usage appear to be in the calculation for the settling and storage pond
system.

11. The Figure 9 farm map legend does not provide definitions for the following: truck turn
around, cow walkways/races, concrete holding yards and gravel farm races, calf sheds,
effluent and sludge pumps and distribution system, irrigation water storage and
distribution system, potable well and transmission main to milking parlor, potable water
tank for milking parlor and livestock consumption, livestock water distribution system,
feed silos or individual wastewater system. In particular, the dairy calf shed is going to
be problematic because there is wash water generated from daily cleaning of the feeding
area and this does not appear to be accounted for in pond design calculations. Also, there
is no discussion on how the bedding area of the calf shed will be cleaned and sanitized
between animals. Additionally, it is not clear if two sheds would be sufficient space for
the maximum build out of 2000 cows.

10. According to the Plan, the perimeter of the property has greater slopes. This is
problematic because runoff will likely be greater from these areas and the runoff will be
directed through other paddocks. Intense rain events resulting in runoff that goes through
the paddocks will collect freshly excreted feces and relocate it. Manure will likely be
discharged with runoff off-site. The Plan does not address where this runoff will flow.
However, according to the Department of Health, Clean Water Branch’s water quality
map, there is a ditch that flows next to the taro farm, which connects to a water body that
flows directly to the ocean.

9. The animal cemetery is located in soil with 6 to 12% slope. Run-on will need to be
diverted to not inundate the cemetery and result in leaching to groundwater. A riverine is
adjacent to the paddock with the cemetery. Management of the riverine to be sure it
doesn’t flow onto the cemetery is important. Physically digging the defined trenches for
mortality may be challenging in sloping soils. Managing rainfall will be critical to
minimize ponding of rain water and prevent deep percolation.

8. The Plan does not give a description (slope) for the “Ke” Kalihi soil type. Steeper slopes
require more energy for animals to graze. Steeper slopes will likely have increased runoff
during intense rain events.
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19. The description of the secondary containment area for overflow from the storage pond is
problematic because by definition it would allow dumping or emptying of the storage

18. The description of the settling pond is problematic because the intent of a settling pond is
to settle larger and/or denser particles. Yet, the description includes use of a stirrer to
break up the solids. The larger sized particles are retained in the settled solids, along with
some smaller trapped particles. However, solids (what remains after moisture is
removed; solubles and very fine suspended solids, as well as other solids) will transfer to
the storage pond.

17. The values given for the total wastewater volume and potable water demand for the dairy
facility are inconsistent because the total wastewater volume for 699 cows from the
machine wash, yard wash, and other milking activity is 10,667 gallons per day (“gpd”)
plus other farm uses. See Figure 18, Water Flow Schematic. This value does not agree
with “Total potable water demand for the dairy facility (primarily for wash water) is
approximately 0.03 millions of gallons per day (MGD).” Located on page 25, Paragraph
1. If other farm uses are an additional 20,000 gpd of water they should be used in the
calculations. Figure 18 identifies there are other farm uses and only indicated the
estimated volume of water and estimated manure generated during milking to in the flow
schematic. Further clarification regarding all material entering the settling or effluent
ponds is necessary in order to adequately determine if pond size is sufficient for holding
and required storage for storm events.

16. The Plan’s effluent pond calculations are highly problematic and contradictory because it
indicates the dairy facility including the wastewater treatment ponds and other
infrastructure will be sized and constructed for the Phase 2 capacity of 2,000 cows.
However, the calculations in this report are based on the Phase 1 capacity of 699 cows.
The facility cannot be sized for 2000 cows if the calculations are based on 699 cows. Is
the 2000 number referring to all the cows on the farm or just milking cows?

15. The discussion on irrigation setbacks is incomplete because it does not address such
significant issues as whether the GPS will correct for wind speeds and directions during
irrigations. This information is required to properly evaluate the Plan because during
irrigation, with effluent, if no correction is made for wind speed and direction, drift of
applied water a conduit to US Waters or directly to US Waters could occur and is not
legal. Drift is the unintentional off-target application due in this case to wind movement.

14. The information given regarding the potable water systems is incomplete because it is not
clear if the potable water is used as drinking water for all the animals on the farm,
including the non-milking cows and replacement animals. This is significant because
potable water must be available daily for all animals and to clean milk harvesting
equipment. The water use budget must be calculated with all categories and number of
animals considered.

The long transit times may translate to more manure deposited on cow runs (where no
plants are growing) versus in pasture (where nutrients may be used by growing plants).
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23. The Plan fails to include calculations to identify how much irrigation land will be reduced
when setbacks are taken into account. That is, calculations should be provided to identify
how many acres will not be irrigated as a result of the various setbacks in each of the
irrigation units. The 378 acres at the farm is equal to 7 areas*54 acres/area. The
calculation to identify reduction of irrigation land by setback acreage needs to be shown.
Summary information is provided in Table 6. Paddocks are identified in Table 7 (page
18). They add up to 517.29 acres. Table 9 identifies 378 acres are irrigated through pivot

22. The Plan’s description on pond sealing, lining and flexible membrane is incomplete
because there is no concise discussion regarding prevention of whaling. In soils prone to
gaseous release whaling can occur. This is when the liner traps gas between the soil and
the liner. The liner inflates (stretches out of shape) and displaces capacity for storage.
Releasing the gas without puncturing the liner is a challenge. Even if gas is removed the
liner will not return to its proper location, since it is stretched. In other instances, when
liners aren’t installed properly they can slough resulting in the liner sagging into the
structure (pulling away from the anchor). Any reconfiguration of the liner shape will
make pond clean-out difficult.

21. The Plan inadequately discusses how the farm’s structures will ensure human and
livestock safety. Many manure storage ponds/structures are deemed confined spaces and
must meet appropriate safety requirements to fulfill OSHA. The description of the pond
lining is highly problematic because there is nothing to assure joint integrity. The Plan
fails to address the expected life of the lining. The expected life of storage ponds is 20
years, as identified in the operation and maintenance worksheet on page 94. Maintaining
joint integrity is essential to keep the pond from leaking into underlying area. More
information must be provided in the Plan before decisions can be made on this
application.

20. The Plan fails to address how weeds and plant material will be managed around the fence
that surrounds the settling and effluent storage ponds. Weed management is critical to
maintain structural integrity of ponds and minimize windblown weed seeds from entering
the effluent and subsequently be applied to paddocks during irrigations. As weeds die,
they may become debris on the surface of the pond and interfere with pump function.

pond to land without implementing the nutrient budget. This dumping of waste into an
area that will likely not support crop growth is against the intent of the EPA’s CAFO
Rule. The Plan fails to describe how the water will be managed if the secondary
containment area is utilized. Additionally, the Plan fails to address whether a portable
pump will be used after an extreme rain event to relocate water back to the storage pond.
If not, the Plan needs to address how the material will be handled in order to prevent
leaching or runoff of nutrients. A contingency plan is needed so if the secondary
containment area is utilized environmental impact will be minimized. The secondary
containment would need to hold the discharged material, rainfall, and be managed to
withstand intense weather conditions for an unknown duration. It would likely have to
have freeboard similar to the storage pond.
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27. The Plan contains unrealistic yield expectations certainly for the early years of
implementation. The Plan thus cannot be properly evaluated because Plan evaluation
relies on reasonable estimates of yield expectations (how much nutrient is removed) and
that allows the application of nutrients based on removal rates. If, as the Plan states, the
historical uses of the farm have left the soils depleted of the essential nutrients required
for crop growth, it is highly unlikely that such poor soil will begin Kikuyu production at
20 ton of dry matter per year. Reasonable estimates of yield must be used. For every ton
of dry matter at 22% crude protein (crude protein is approximately 6.25% nitrogen) an
additional 70.4 pounds of nitrogen is removed per acre [2,000 lbs x 22 lbs crude protein
per 100 lbs of dry matter x 6.25 lbs nitrogen/ 100 lbs of Crude Protein]. This extra
removal justifies the application of more nitrogen to the field. There is no compelling

26. The Plan fails to adequately ensure that the recommended nutrient application rates are
protective of ground and surface water resources. Comparing planned nutrient
applications to a Standard does not insure anything. In addition, it is not clear why there
is a reference to the Standard for purposes of Phosphorus indexing. The phosphorus
index is an index value that identifies if there are sufficient or insufficient amounts of
phosphorus in soil (is it ok to apply phosphorus—yes or no; not how much phosphorus
should be applied). This is inconsistent because having a Plan and implementing the Plan
are two separate concepts. It is important to have a feedback mechanism to evaluate if
the targets of the Plan were achieved and if they were not, what modification(s) need to
occur and what potential environmental ramifications may occur as a result of the Plan.

25. The Plan does not include an adequate description of the laboratory that will provide soil
fertility recommendations to support the farm’s nutrient applications. In particular, the
Plan fails to provide the types of certifications performed at the laboratory. This is
problematic because analytic methods used for various types of waste streams may or
may not be sufficient for dairy manure slurry or effluent or plant tissue testing.

24. The Plan fails to properly prepare for upcoming storm events. EPA will not condone
emptying ponds due to upcoming storm events. If material is emptied on land, there will
be a higher probability of effluent contaminated runoff. The CAFO Rule does not
acknowledge cataclysmic storm events. Were a 25-yr, 24-hr storm event to hit, the only
legal discharge for NPDES permit holders is the water collected beyond the 25-yr 24-hr
storm event rainfall. 10.4 inches is the estimated storm event. Clearly, given the
topography, animals will need to be moved to higher ground and anything in the way at
lower elevations may not exist after the storm event.

systems; 82 acres irrigated through drip; 57 acres not irrigated (perimeter lands with
greater slopes; beyond the reach of the pivot and not uniformly shaped).
a. In addition, Table 6 currently lists total non-irrigated land within the irrigation
area. It appears that this number was subtracted from the size of the area. The
final value was divided by 7 sections, resulting in 54 acres each. The amount of
water and fertilizer needed by each area is a function of the area size. If one area
is larger or smaller than another nutrient and water applications must be modified
appropriately.
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28. The Plan is misleading and contains many inconsistencies which make it impossible for
the Department to thoroughly evaluate it.
a. For example, the inconsistency in use of effluent and sludge adds considerable and
unnecessary confusion. Effluent as described is only the material leaving the storage
pond (second stage pond) for irrigation purposes. Sludge refers to material from
within the settling pond. Manure is the excrement from cattle (feces and urine).
b. Another example is found in Section 8, Nutrient Management with subsection 8.2
Pasture-Based Dairy. The following is on page 57 in paragraph 3: The effluent is
highly diluted, to the extent that it will have next to no odor in the storage pond and
certainly no odor at the farm boundary. The settling pond will also be aerated to help
mitigate odor. To help further mitigate any odors arising from the facility a
Windbreak/Shelterbelt (i.e. a multiple row planting of trees) will be established along
the prevailing wind pattern of the pond. This design will follow the guidance of NRCS
Conservation Plan Standard 380 Windbreak/Shelterbelt Establishment. These
sentences do not belong under a heading of Nutrient Management. Having 1% solids
concentration in a storage pond does not guarantee no odor. This is the first mention
that the settling pond will be aerated. There is no further discussion of aeration, aside
from it occurring in NRCS Standard. Neither Figure 21 nor 22 have any indication of
aeration mechanism. There is no mention in Section 7.2 Effluent Ponds about
aeration. Figure 17 “Dairy Facility Site Plan” has no indication of
windbreak/shelterbelt location. There is virtually no space west of the settling pond
for a shelterbelt. This information should be under an independent heading of odor
management in Section 7.2. If aeration is going to be used, more detailed information
is needed to determine if it will be sufficient. Keep in mind that depending on the
type of aeration technique used, ammonia may be volatilized to the atmosphere (with
subsequent return to ground uncontrolled). This may not be desirable of it returns
into a pristine waterway where very small concentrations of added ammonium may
make an impact on aquatic habitat.

evidence in the document to believe 20 tons of dry matter would be reasonable early on,
even with heavy fertilization rates. This is especially true for the perimeter paddocks that
are not irrigated as well as Block F that is subject to flooding. As identified previously, it
is imperative to have reasonable yield goals. When excess nitrogen is applied to land it
may be emitted as ammonium (atmospheric), or the organic form may be allowed to
mineralize to ammonium. Ammonium may adsorb to negatively charged soil particles or
if conditions are favorable, it may be nitrified to nitrate, a very mobile form of nitrogen.
It is important to maintain reasonable yield goals. To begin with a 20 dry ton/acre yield
goal is unusual given the stated poor quality of the soil. When nitrogen is applied to meet
higher yield expectations and these yields are not achieved the excess nitrogen is likely
lost to the environment. The difference of applying nitrogen for a yield that doesn’t
occur, results in potentially huge imports of nitrogen fertilizer that will be lost to the
environment. Ammonium volatilized into the atmosphere will be deposited to earth
downwind (on soil or surface water). This increases the amount of nitrogen quantity in
the landscape. Significant amount of greenhouse gases are released during the
production of fertilizer.
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c. Another example is on Page 59. The Plan states: As the cattle excrete on the Kikuyu
thatch, it is incorporated into what is effectively an organic net. Due to the high
moisture and moderate temperatures, the microbial activity in the thatch is very high
and the effluent will be largely broken down by microbial activity within 24 hours.
The effluent is less than 20% of the daily nutrient needs, and therefore readily
absorbed in Kikuyu. Fecal matter (organic nitrogen) will likely remain on the plant or
thatch until sufficient rainfall or irrigation water washes it to the ground. Organic
nitrogen will not be readily absorbed in Kikuyu. The ammonium fraction of the
waste stream may be adsorbed into the plant. Organic nitrogen has a much slower
release (mineralization) time and although it may not be readily available for plant
growth, if discharged off site it may have import on mineralization near aquatic
species (ammonium toxicity).
d. Generalities lacking specific detail provide no insight to farm oversight and
management. Page 59 states: Site specific soil moisture will be monitored, in real
time, to ensure irrigation water, liquid effluent and cattle are not applied to soils
when conditions are suboptimal. Cattle are not applied to soil. They are given access
to a paddock. No definition is provided for suboptimal. What happens if cattle were
supposed to go onto a paddock that has suboptimal conditions? Where should the
cattle go (need a contingency plan). What happens to the quality of the pasture that
isn’t consumed? What criteria will be used to identify when suboptimal conditions
no longer exist?
e. In Table 9, the drip irrigation area is 82 acres. However, in Figure 23 Nutrient
Management Map Block H, the drip irrigation area is 81 acres.
f. Another inconsistency relates to body size of the cows. Page 42 identifies that the
kiwi-cross cow’s weight is about 1,210 lbs. Page 90 under 8.10.1 Nutritional
Requirements states: The nutritional requirements are based on an approximately
1,000 lb animal producing 5.3 gal of milk per day. The amount of potable water
required for 699 livestock animals is 20,000 gallons per day. It’s not clear how many
animals drink this water or their stage of production. Hence, it’s not possible to
estimate milk production by using average water intake. Closely identifying body
weight and milk production are critical. Milk production and body weight drive feed
intake, and therefore quantity of manure excreted daily as well as total quantity of
nutrients excreted daily.
g. Another example is the amount of dry matter consumed from pasture per day. A mob
of animals (105 to 150 cows when there are 699 cows in residence; 300 when there
are 2000 cows) will graze one paddock in one day. According to the Plan, the
paddock size ranges from 4 to 5 acres. If 115 cows graze a 5 acre paddock the
amount of space available for 1 cow to graze is 5 ac/paddock y 115
cows/paddock=.04 ac/cow. At a yield expectation of 20 tons of dry matter per acre
per year this amounts to .04 ac/cow x 20 tons dry matter/ac/yr x 2000 lbs/ton y 365
days/year = 4.4 lbs dry matter per cow per day. Page 90 identified the Kikuyu intake
as 14 kg dry matter a day (14 kg x 2.2 lbs/kg=30.8 lbs dry matter per day).
According to the Plan, cows will consume pasture from .04 acres and consume far
less than recommended nutrient requirements identified as 30.8 lbs dry matter per
day.
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29. The Plan fails to account for nitrogen (“N”). This is unacceptable because N lost to the
environments in undesirable forms may result in environmental impact. According to the
Plan, the total N applied from animals is 81,224.8 (40.6 tons). Assuming this comes from
699 milking cows the value is low. If any manure from any other age group is allegedly
in the liquid effluent, sludge or excreted on pasture, the recovered value is extremely low.
Logically, one would compare application values to potential excretion values to ground
truth the applied values. Information in “8.10.1 Nutritional requirements” was used to
estimate excretion. The protein daily requirement of 18% for 5.3 gallons of milk is very
high. The US National Research Council Nutrient Requirements for Dairy Cattle
recommends concentrations closer to 14 or 15% for the given average daily milk
production. At 18% protein concentration 3240 g of protein are identified as required.
Divide this number by 6.25 (composition of N in crude protein) to estimate 518 g of N
intake per day. N in milk is estimated 5.3 gal x 8.6 lb/gal x 3.2% protein /6.25 *454 =
106 g of N in milk per day. Intake – product is a rough estimate of excretion. 518-106=
412 grams per head per day (g/hd/day) excreted. Estimated N excretion rate for the herd
is 412 g/hd/d x 365 d/yr x 699 hd y 1000 g/kg x 2.2 lb / kg y 2000 lbs/ton = 115.6 tons of
N excreted/yr (for 699 cows; 330.8 tons of N excreted/year for 2000 cows). Only 35.1%
of the estimated excreted N is accounted for in the nutrient mass balance
(unnumbered table on page 73). This is quite low for a pasture based system.
Biological processes involved in the N cycle make it unlikely that recovery of 100% of
excreted N occur on an animal operation. In a pasture based facility, one expects much
of the N to be land applied by animals as very small losses of N occur between defecation

h. According to calculations on page 82, the Kikuyu growth rate of 120.5 lbs dry
matter/ac/day x 365 days a year is an annual yield of 22 tons (not the previously
defined 20 tons). Protein listed here is 22 to 23%. This is inconsistent with 20%
identified on page 90. The assumption is that one only applies the nitrogen needed by
the plant for growth. This is not the standard method for making fertilizer
recommendations. Nitrogen is a leaky system. For many fertilizer applications more
than 100% of the nitrogen needed by the plant is applied. The ‘leaky’ part of nitrogen
is unmanaged and unaccounted for and may enter the environment as N2 gas, nitrate
(leached), ammonia (atmospheric emissions), or other forms of nitrogen.
i. The tables on pages 85 to 86 representing phosphorus and potassium appear to be in
the elemental form not at P2O5 or K2O. This is inconsistent with tables on pages 72
and 73. One standard method of discussion should be used. Likely this would be the
elemental forms as the analysis for phosphorous and potassium excretion will yield
elemental forms.
j. The manure analysis on page 88 demonstrates the inconsistent use of nomenclature.
As discussed previously, manure is the feces and urine as excreted. Yet, the material
may include other wastes. Manure in the general sense may include bedding and is
referred to as solid manure. Manure diluted with water is referred to as liquid
manure. In this document the term effluent (indicating material from the storage
pond) is used. The term “solids” is used for the pumpable material removed from the
settling pond. Use of definitions in ASAE Standard S292.5 Uniform Terminology for
Rural Waste Management should help reduce confusion in terminology used in the
Plan.
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31. The Plan cannot be evaluated where it is missing vital information in its data
presentation. On page 73 of the Plan, the column heading units for N, P2O5, and K2O of
applied/ac/yr are misleading. The units appear to be pounds per acre per year or total
pounds per acre (for the subtotal rows).
a. Neither the Table nor the Figure on pages 74 through 76 has titles. Additionally
there are no units in the table or the figure on pages 74 and 75.
b. Table 15 needs to identify that the letters represent Blocks. The table in the
middle of the page needs a number and title. It contradicts the information
presented in the table that precedes it.
c. The values in the table on page 84 need to be defined.

30. The discussion of Block F (paddocks 215 to 226) is inadequate. The short and long term
ability to apply nutrients to this block and mob graze is questionable given its
predisposition to flooding (and subsequent movement of nutrients off site). This will
include excretion by cattle, unless they cease grazing on these paddocks.

or urination by the animal and contact of feces or urine on the soil surface. Much more
than one-half of the excreted N would be land applied directly. There are calves in the
calf shed and it is unknown if/where replacement heifers and bulls reside. The numerator
of applied nutrients would not change. However, the denominator of how much N was
excreted would change. Therefore recovery, already low, would actually be lower.
Unaccounted for N is escaping into the environment in an unmanaged fashion.
According to the Table on page 73 only 20.8% of the N needs of the crop will come from
manure. Therefore 79.2% will come from commercial fertilizer. A minimum of 154
tons of fertilizer will be imported into the watershed. More is likely imported as
nitrogen application is seldom equal to nitrogen removal given the leaky nature of
the N cycle.
a. An alternative method to estimate excretion is by use of the American Society of
Agricultural and Biological Engineers Standard D384.2. Data from cattle in the
US fed within 113% of daily requirements were used to develop regression
equations to estimate manure and nutrient excretion. Equation 16 is one method
to estimate nitrogen excretion: Nitrogen excreted (g)/hd/d= (milk (kg) x 4.204)
+283.300. For this example, 20.7 kg (calculated as 5.3 gal/hd/d x 8.6 lb/gal y 2.2
lbs/kg) x 4.204) +283.3 = 374 g/hd/day. This 374 g/hd/day value is less than the
412 g/hd/day value because the equation is based off results from diets that were
formulated closer to recommended concentrations. The difference of 38
g/hd/day over 699 or 2000 animals in one year 10.6 to 30.5 tons per year of
additional estimated nitrogen excreted. The fate of this extra nitrogen excreted
in the environment is unknown.
b. In addition, an analysis of the effluent needs to be done to determine if the
nitrogen form can be absorbed by the plant leaves. Organic N will not absorb into
the plant (the fraction responsible for the coloration of the effluent). Ammonium
may absorb into the plant. It is likely that organic nitrogen (manure solids) that
sticks to plant tissue will be washed off during a rain event or subsequent
irrigation event.
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35. The Plan’s description of feed management is inadequate because it relies on very high
intake of dry matter from pasture, long walking distances (when in distant paddocks), and
high protein composition. There is no question that regular analysis of feeds is valuable
to incorporate into diet formulation when feeds with high variability are used. However,
in a pasture based system it is unclear what reformulation will occur. More grain can be
provided to a point to increase energy content of the diet. Nutrient composition of
pasture will not be modified when only one species of forage is intended to be grown.

34. In addition, the Plan cannot be approved when the sampling procedures are inadequate.
The Operations and Management Worksheet for Manure Sampling Protocol represents
what was presented in the Plan and is insufficient to obtain representative samples and
incomplete in that it does not define analytes for analyses. Regarding liquid effluent
manure sampling, taking multiple grab samples from an existing storage structure may or
may not represent the actual material applied during land application. If material is
agitated prior to application then the sample should be taken while agitation is occurring.
Taking grab samples from the same depth serves no purpose as they are composited.
However, if the grab sample is taken with a dipper tool, the contents of any sample
container may or may not represent the actual material going to the field. When a dipper
is inserted below the water surface and material fills the container, retrieval of the dipper
from the water may displace contents (leaving behind more dense particles). This is not a
recommended sampling method and may not yield a representative sample. The term
sub-sample should be replaced with grab sample. Multiple grab samples may be
composited. A sub-sample of that may be extracted. It is unclear why grab samples will
be mixed and what analysis will be conducted in the field under swirling conditions.
Analytical needs should be identified.
a. Regarding “solid” (sludge) manure sampling, the material in the settling pond does
not dewater. This material does not have characteristics of solid manure (it will not
stack). It will behave as a liquid or a slurry. The method of sampling should be
consistent with effluent sampling. The sampling protocol described in the Plan is
inconsistent with the Effluent sludge management Operation and Maintenance
Worksheet that suggests individuals go on a boat onto the pond to retrieve sludge
samples. Freezer bags are not unbreakable and should not be used for something that
has high moisture. Analytical needs should be identified.

33. The manure sampling frequency is insufficient for initial analyses for year round
applications. Initial sampling for a facility with no data should be far more frequent than
annually to determine the variability in nutrient concentration. If samples come back
consistent then an annual sample is appropriate. If variability is present (most likely) then
more frequent sampling is needed and data should be incorporated into nutrient
management.

32. The discussion of the effluent application schedule in light of rain is inadequate because
if 5 application events are delivered to one block at one application event, then the
quantity of nutrients delivered will be 400% of a normal irrigation. What changes will
occur in subsequent nutrient applications? If this occurs, then subsequent application
events of effluent or fertilizer need to be modified to some extent.
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Conclusion
The Plan, as it currently stands, cannot be approved by the Department because it is incomplete
and inconsistent, and lacks necessary nutrient and water accumulation calculations to determine
if it is appropriate. It is in my professional opinion that such vital components are lacking in
sufficiency and specificity to determine if adequate waste and nutrient management may occur.
At a minimum these include: actual animal population (including weight of each population
category, average daily milk production, estimated excretions, estimates of mortality by
population category), process waters contributing to the waste stream (from calf sheds, milking
parlor, and any other location), consistent use of terminology, proposed nutrient budgets for
paddocks of differing slopes and field conditions (with and without irrigation; with flooding),
explanation for unreasonably low recovery of nitrogen from manure, detailed management of
settling pond (aerated?, stirred daily even if not pumped?), potential impact to the watershed of
markedly higher fertilization requirements for Kikuyu compared to the previous crop (sugarcane)
and a check and balance system in place to evaluate nutrient applications and removals and
modify as needed.

36. The Animal Mortality Management Plan (in appendices) should include an estimate of
normal mortality (percent of herd per month) and episodic mortality (in case of disease
outbreak). The worksheet has some unusual language: “The burial pit will be a minimum
of 2 feet wide with length necessary to accomplish mortality.” It is unclear what is being
accomplished. How many animals can be accommodated in 4,400 ft sq area? If a pit is
only2’ wide and 3’ separation is needed between pits, a double line of pits with a single
3’ separation would be 628’ long if only 4,400 ft sq of land is used for the cemetery.
How long will it take to fill the cemetery to capacity? What is the burial plan after the
cemetery is filled? How many animals can be accommodated in this area? Is a
separation required between carcasses? What happens when catastrophic losses occur
(during flood, hurricane, disease outbreak, bad feed)? The cemetery is proposed in an
area of greater slope than many of the paddocks. Extreme care will need to occur to
divert runoff from the neighboring landscape around the cemetery (so it doesn’t run-on to
the area of the cemetery) and minimize infiltration in the area of the cemetery. How
accessible will this area be given the frequency of rainfall? What contingency plans will
be in place to handle mortality during wet, rainy conditions, when it may not be possible
to excavate and bury animals?

The animals will eat what is present. The primary way to modify intake of nutrients is to
reduce time exposed to pasture. However, as currently defined, it appears that the cows
will have insufficient intake of pasture [the identified 30.8 lbs of dry matter intake daily
is well above calculated dry matter intake given the number of animals in a mob, average
acres per paddock, and the annual dry matter yield per acre]. If the nutrient ratios of the
pasture are not what is needed for the animals (excess nutrients provided) the animals
will excrete more nutrients than desired. If the pasture nutrient content is deficient then
potentially mineral supplement may be provided to animals.
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x Resources in these areas represent themes and types suitable for protection within the
framework of the national park system, and not otherwise adequately protected in the
state or nation. Volcanic features of the study area represent a stage and range of
geologic development of the Hawaiian high islands that is not featured at other Hawai‘i
parks. Landforms and fossils of the MƗhƗ‘ulepǌ coast illustrate the reality of global
climate and sea level change, as well as the impacts of human settlement on native
ecosystems. An extensive and undeveloped Hawai‘i shoreline within easy reach of
population centers, such as that found in the study area, is a rare and rapidly vanishing

x The study area shoreline corridor, HƗ‘upu mountain range and HulƝ‘ia Stream are deemed
nationally significant on the basis of natural and cultural resources including geologic
landforms, rare species and habitats, and features central to stories of native Hawaiian and
United States history. Collectively these areas comprise a relatively unspoiled and
increasingly threatened coastal landscape that provides unique opportunities for public
enjoyment, interpretation and scientific study.

This reconnaissance survey report provides the following preliminary evaluations of the
study area:

In accord with established NPS planning criteria, this report examines these natural and
cultural resources to provide a preliminary evaluation of their significance, and a preliminary
evaluation of the suitability and feasibility of helping to protect them within the framework of
the national park system. These evaluations are based on limited site visits, research and
consultations conducted by staff of the NPS Pacific West Region Honolulu Office in 2007,
and are neither final nor definitive. They serve as background material for Senator Inouye as
he considers whether to seek Congressional authorization for a full-fledged study of
resource protection alternatives for MƗhƗ‘ulepǌ and surrounding areas.

Resources of particular interest in this locale include the undeveloped shoreline corridor
from Makawehi northeastward through MƗhƗ‘ulepǌ and KƯpǌ Kai to NƗwiliwili Bay; the
HulƝ‘ia National Wildlife Refuge and historic Alekoko Fishpond along HulƝ‘ia Stream;
and parts of the HƗ‘upu mountain range overlooking these areas. These natural and cultural
assets are mostly privately owned, and are mostly designated as conservation district by the
state of Hawai‘i. They exist within a broader landscape of vast, private agricultural lands
currently used for farming and ranching.

MƗhƗ‘ulepǌ is an ahupua‘a (historic Hawaiian land division) and watershed running from
the HƗ‘upu mountain range to the shoreline on Kaua‘i’s southeast coast. It sits at the heart
of a larger undeveloped 9-mile coastal span that separates the county seat of LƯhu‘e from
the resort town of Po‘ipǌ. Natural and cultural resources in this area provide respite and
recreation for residents and visitors, and are the focus of this study.

At the request of Senator Daniel K. Inouye, in 2006 the National Park Service agreed to
conduct a reconnaissance survey of MƗhƗ‘ulepǌ and nearby areas on the island of Kaua‘i,
the oldest major inhabited island in the state of Hawai‘i.

1 SUMMARY

2

Based on these preliminary evaluations, the National Park Service Pacific West Region
recommends that a Special Resource Study be authorized under the stipulations of Public
Law 105-391, so long as it focuses on non-traditional management alternatives that a)
involve local partners and b) include options for continued farm and ranch operations on
private agricultural lands.

x The study area’s significant natural and cultural resources are of a collective size and
configuration to be feasibly managed for resource protection and public enjoyment at
reasonable cost, provided that NPS, affected landowners, and interested state and local
entities work in ongoing partnership to identify and reduce resource threats, manage
access, and ensure long-term protection of the area’s overall scenic quality.

type of recreational resource prized by U.S. citizens and international visitors as well as
Hawai‘i residents. Protection and management of this resource type is currently
inadequate at federal, state and local levels.
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If according to the reconnaissance survey a study area appears potentially eligible for
inclusion in the NPS system, then NPS may recommend that a full-scale Special Resource
Study be authorized by Congress. The Special Resource Study process is an extensive one,

A reconnaissance survey examines the natural and cultural resources in a study area to
provide a preliminary evaluation of their significance, and a preliminary evaluation of the
suitability and feasibility of helping to protect them within the framework of the national park
system. Unlike a Special Resource Study, the reconnaissance survey does not explore
management alternatives. Its findings and recommendations are centered on whether or not a
full Special Resource Study is warranted.

Special Resource Studies for potential new units of the national park system may be
conducted by the NPS only with specific authorization of Congress. However, Congress does
permit the NPS to conduct preliminary resource assessments and gather data on potential
study areas or sites. The term “reconnaissance survey” has been used to describe this type of
assessment.

2.1 Purpose and Scope of an NPS Reconnaissance Survey

For sharing their knowledge of the study area and facilitating access to it, we thank
representatives of Grove Farm, National Tropical Botanical Garden, Grand Hyatt Kaua‘i,
MƗlama MƗhƗ‘ulepǌ, TEOK Investigations, HulƝ‘ia National Wildlife Refuge, and KƯpǌ
Ranch (Waterhouse Trust and caretakers). Mahalo also to Thomas Kaiakapu and Nancy
McMahon of the Kaua‘i District office of the Hawai‘i Department of Land and Natural
Resources for sharing their valuable time and information.

The visit included guided tours of the Makawehi-PƗ‘Ɨ dunes trail, MƗhƗ‘ulepǌ shoreline,
MƗhƗ‘ulepǌ Valley, Makauwahi Cave Reserve, and KƯpǌ Kai, plus a brief stop at Alekoko
Fishpond and HulƝ‘ia National Wildlife Refuge. NPS held off-site meetings with the state’s
Kaua‘i District archeologist and wildlife manager, the board of directors of nonprofit
MƗlama MƗhƗ‘ulepǌ, and the managers of Makauwahi Cave Reserve. Field notes and
photographs from the visit were combined with follow-up research and consultations to
prepare this report.

A team of NPS staff conducted a field visit to the study area March 19-21, 2007. The team
included Frank Hayes, Pacific Area Director; Keith Dunbar, Chief of Planning for the
Pacific West Region; Dr. Larry Basch, Marine Biologist/Science Advisor; Darcy Hu,
Ecologist; and Helen Felsing, Planner.

In 2006, Senator Daniel K. Inouye asked the National Park Service (NPS) to conduct a
reconnaissance survey on the Hawaiian island of Kaua‘i, in order to provide a preliminary
evaluation of the resources of MƗhƗ‘ulepǌ and surrounding areas for potential inclusion in
the national park system. NPS agreed to conduct the study in the next fiscal year, and
began its work in February 2007.

2 BACKGROUND OF THE STUDY
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Even if a study area’s resources are deemed significant, feasible and suitable for addition to
the National Park System, management by the NPS will not usually be recommended if

2.2.4 Criterion 4: Management Options

To be considered feasible, an area's natural systems and/or historic settings must be of
sufficient size and appropriate configuration to ensure long-term protection of the resources
and to accommodate public use. The area must have potential for efficient administration at
a reasonable cost. Other important feasibility factors include landownership, acquisition
costs, access, threats to the resource, and staff or development requirements.

2.2.3 Criterion 3: Feasibility

To be considered suitable, an area must represent a type of recreational resource or natural
or cultural theme that is not already adequately represented in the National Park System,
and not comparably represented and protected for public enjoyment by another landmanaging entity. Adequacy of representation is determined on a case-by-case basis by
comparing the proposed area to other units in the National Park System for differences or
similarities in the opportunities for public enjoyment, and in the type, quality, quantity, or
combination of resources present.

2.2.2 Criterion 2: Suitability

Significance evaluation is based on the qualities of the natural and cultural resources
present in the study area. Recreational resources, while an important component of most
NPS units, are not evaluated independently for their significance. NPS considers a natural
or cultural resource nationally significant if it meets four standards: 1) It is an outstanding
example of a particular type of resource; 2) it possesses exceptional value or quality
illustrating or interpreting the natural or cultural themes of our nation’s heritage, 3) it offers
superlative opportunities public enjoyment or scientific study; and 4) it retains a high
degree of integrity as a true, accurate, and relatively unspoiled example of the resource.
Appendix 6.1 provides examples of types of natural and cultural resources NPS may
consider significant.

2.2.1 Criterion 1: National Significance

To be eligible for favorable consideration as a unit of the national park system, a study area
must possess nationally significant natural or cultural resources. It must be a suitable and
feasible addition to the system, and should be shown to require direct NPS management
instead of protection by some other governmental agency or the private sector. These
criteria are further described below.

2.2 NPS Evaluation Criteria

designed to involve the public and affected parties; further examine significance, suitability,
and feasibility; and identify and evaluate potential resource protection strategies, boundaries,
and management alternatives.

HAWAIIAN ARCHIPELAGO
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Drifting west at about 3.5 inches per year, all the islands of Hawai‘i will eventually—in
millions of years—be drawn back into the earth at the subduction zone where the Pacific
plate collides with the plate of the Asian continent.

For each island that process begins by eruption over the Hawaiian magmatic hot spot
(located today beneath the ocean just east of Hawai‘i). Through buildup from successive
eruptions, an island emerges from the sea. At the same time it drifts slowly westward—
away from the hot spot—along with the underlying Pacific Tectonic Plate. As an island’s
distance from the hot spot increases, eruptions cease, and it slowly subsides into the sea.

Entirely volcanic in origin, the state’s 132 isles range from the tiny reefs and shoals of the
Northwestern Hawaiian Islands to the 4,038-square-mile “Big Island” of Hawai‘i at the
southeastern end of the chain. Their varying sizes reflect different stages in a shared and
ongoing volcanic process.

Hawai‘i is unique in our nation—it is the only state that is not part of the North American
continent, and the only one made up of volcanic islands. Situated midway between the
American and Asian continents, it spans 1500 miles of sea and encompasses nearly as
much ocean as land within its boundaries. The isolated Hawaiian archipelago was one of
the last places on earth to be occupied by people.

3.1 Regional Context

3 OVERVIEW OF THE STUDY AREA

other entities—such as state or local government or the private sector—can provide
adequate protection and management. As a preliminary document, a reconnaissance survey
does not address potential management options, however; these are explored only if and
when a Special Resource Study is conducted.

Moloka‘i

LƗna‘i

O‘ahu

Maui

Hawai‘i
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The study area encompasses approximately 12 square miles on Kaua‘i’s southeast coast
(see Study Area map). Its makai or seaward side spans the 9-mile coastal corridor between
the county seat of LƯhu‘e and the resort town of Po‘ipǌ, and is bracketed by the bays of
Keoneloa and NƗwiliwili. Its inland edge arcs around MƗhƗ‘ulepǌ valley, across HƗ‘upu
Ridge and through KƯpu to include HulƝ‘ia National Wildlife Refuge and Alekoko
Fishpond at HulƝ‘ia Stream. These boundaries are tentative ones established only for

3.2 Geography and Climate

MƗhƗ‘ulepǌ, a focus area for this reconnaissance survey, was evaluated in an NPS Natural
Landmarks Survey of the Hawaiian Islands in 1981. That survey concluded that “the lands
of MƗhƗ‘ulepǌ are among the most interesting areas in the State both geologically and
biologically.” It gave the area a priority ranking of 1, applied to areas that “include
outstanding and/or unique examples of geological and ecosystem features characteristic of
the Hawaiian Islands and which encompass several such features.” (NPS 1981)

Of the larger main islands (Kaua‘i, Hawai‘i, Maui, Moloka‘i and O‘ahu), Kaua‘i is the only
one that is not home to a unit of the national park system. In the 1960s an NPS study for a
national park on the island’s rugged northwest NƗ Pali coast and Waimea Canyon met
intense local resistance; no NPS designation was pursued.

Historically, Kaua‘i’s economy was based in agriculture, and its lifestyle today remains
rural and relaxed. As development escalates throughout the state, however, visitors
increasingly seek the haven of Kaua‘i’s lush environment, scenic beauty and tranquility.
The island’s 63,000 residents coexist with a daily visitor population of about 21,000. From
2005 to 2006, Kaua‘i’s annual visitor count rose 10.4%, to over 1.2 million people
(DBEDT 2007b). Today new commercial and residential developments are changing both
the landscape and the people. These provide needed jobs, but also generate tension about
the pace and direction of change on the island.

Kaho‘olawe

Because of its Kaua‘i’s relative age and distance from the hot spot,
it escapes the seismic activity and lava hazards that affect younger islands
in the chain. However, tsunamis and hurricanes do pose threats. In 1992
Hurricane Iniki devastated the island, wreaking havoc on residents’ lives, the
local economy, and fragile native ecosystems.

Kaua‘i
The MƗhƗ‘ulepǌ study area is located on
Kaua‘i, the oldest and westernmost of the
Ni‘ihau
main high islands. At 5 million years of age,
Kaua‘i’s volcanic slopes are deeply carved by streams, and
its forests host Hawai‘i’s richest array of flora and fauna.

Hawai‘i’s human population concentrates on the eight main islands that were most recently
formed. Lined up in just a 350-mile stretch at the southeastern end of the archipelago, these
populated high islands make up all but three square miles of the state’s 6400 square miles
of land.
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Towering above KƯpǌ Kai valley is the HƗ‘upu mountain range, which runs inland nearly
eleven miles to Knudsen Gap. The eastern half of the range, dominated by the ancient
volcanic caldera of Mt. HƗ‘upu, lies within the study area. Rising dramatically between the
Kǀloa and LƯhu‘e basins, Mt. HƗ‘upu serves as an orientation point from land and sea, and
plays a key role in native Hawaiian myths and legends. Native plant communities high on

Beyond HƗ‘ula is the private coastal property of KƯpǌ Kai, a spectacular and secluded
valley isolated from its surroundings by the eastern arms of the HƗ‘upu range. KƯpǌ Kai’s
two-mile shoreline consists of four beaches separated by low rocky points, set against a
backdrop of coastal wetland, green pastures, a perennial stream and soaring cliffs. Public
access by land is not allowed. KƯpǌ Kai teems with birdlife, including many native species,
and the coastal marine resources appear to be in pristine condition.

The shoreline corridor begins at Makawehi Point, where a trail across the PƗ‘Ɨ dunes
affords pedestrian access from the Po‘ipu resort area to Punahoa Point and MƗhƗ‘ulepǌ
Beach. From there the accessible shoreline continues north to Ha‘ula at the foot of the
HƗ‘upu range. Known as the MƗhƗ‘ulepǌ coast, this popular recreation area features
crescents of sandy beach, a variety of coastal vegetation, windblown modern dunes, and a
fossil-rich lithified dune system that forms fantastic cliffs, points and pinnacles overlooking
the water. A privately-owned rutted dirt road affords daytime vehicular access to the
MƗhƗ‘ulepǌ coast from Punahoa Point north to HƗ‘ula Bay.

Resources of particular interest in the study area lie along the entire shoreline corridor,
HulƝ‘ia Stream, and the HƗ‘upu mountain range. While large open agricultural areas at
MƗhƗ‘ulepǌ and KƯpǌ are encompassed by the study area boundary and may contain
relevant natural and cultural resources, their primary importance to this study lies in their
potential impact upon adjacent natural areas.

Weather and climate in the study area typify the mild and locally variable conditions for
which Hawai‘i is famous. At MƗhƗ‘ulepǌ, in the lee of the HƗ‘upu mountains, rainfall
averages 53 inches a year. Average temperatures range from 72-86°F in the hottest months
(August and September) and 64-80°F in cool January and February (WRCC 2007). Wetter
and cooler conditions prevail north of HƗ‘upu ridge, where moisture-laden northeast trade
winds are slowed by the nearly 3,000-ft mountain before sweeping over and around to
MƗhƗ‘ulepǌ. Along the coast the trade winds run roughly parallel to the shore, shaping the
dunes from KƯpǌ Kai to Makawehi.

The HƗ‘upu (Hoary Head) mountain ridge runs east-west across the study area. Land south
of the ridge is part of the county’s HanamƗ‘ulu-Po‘ipǌ planning district, which extends
from the ridgeline across forests, fields, and old plantation towns to the fast-growing resort
area of Po‘ipǌ. Study area land north of the ridge lies in the planning district of LƯhu‘e; this
district includes LƯhu‘e town—Kaua‘i’s county seat, population center and business hub—
and adjacent NƗwiliwili Harbor, a deepwater port for cargo and cruise ships.

purposes of this report and should be reconsidered in consultation with local landowners if
and when a more detailed study is authorized by Congress.
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The vast majority of the study area is privately owned (see Study Area Landowners map).
Grove Farm, one of the oldest and largest landowners in the state, holds all of the parcels
that comprise MƗhƗ‘ulepǌ valley and coast (except for a small home lot at MƗhƗ‘ulepǌ
Beach and a county-owned water reservoir just inland of Makawehi). Grove Farm was
founded in 1864 by George N. Wilcox. Historically a sugar plantation, during the late 20th
century it transitioned into real estate development, and ceased sugar production in the
1990s. Around the same time, Grove Farm unsuccessfully sought development permits for
coastal land at MƗhƗ‘ulepǌ.

All of the land in the study area is designated and zoned for agriculture or conservation,
and except for a few homes and farm or ranch structures, it remains undeveloped. The
conservation lands are found in a narrow strip along the MƗhƗ‘ulepǌ coast, across most of
HƗ‘upu ridge, and around part of HulƝ‘ia Stream. Broad agricultural lands occur on both
sides of the HƗ‘upu range and at KƯpǌ Kai. (See Regional Land Use map).

In Hawai‘i, conservation lands are further designated into subzones according to
environmental sensitivity; all subzones place strong limits on use, and most uses must be
approved by a permit from the state’s Board of Land and Natural Resources. Most of the
conservation lands in the study area fall into the two strongest subzones.

Hawai‘i’s State Land Use Commission classifies all real estate into one of four land use
designations: Conservation, Agricultural, Rural and Urban. Counties establish more
detailed designations and zonings, but these conform to the range of allowable uses under
each designation by the state.

3.3 Land Use and Ownership

The verdant HulƝ‘ia Stream corridor at HulƝ‘ia National Wildlife Refuge and Alekoko
Fishpond marks the northern extent of the study area. Flat valley land by the stream was
historically used for growing taro, rice and other foods; today it is regrown with natural
vegetation and provides important habitat for endangered birds. HulƝ‘ia Stream waters and
adjacent private forests serve as settings for kayaking and hiking tours, and afford aweinspiring views of the HƗ‘upu mountain range that forms the backbone of the study area.

The seaward end of the HƗ‘upu mountain range at Niumalu, north of KƯpǌ Kai, terminates
in headlands by NƗwiliwili Bay. It includes three ancient volcanic cones—Kalanipu‘u,
KeǀpƗweo, and Hǀkǌnui—with elevations up to over 1600 feet. Its makai face is a broad
and steep sea cliff indented by small valleys, and its inland face descends to HulƝ‘ia
Stream. This undeveloped land lacks public access, is mostly zoned for conservation, and is
privately owned except for a small state-owned strip above NƗwiliwili Harbor. It includes
dense forest along the HulƝ‘ia Stream corridor; freshwater springs and streams; designated
Critical Habitat for endangered plant species; and expansive open areas of non-native scrub
and grassland. In the evening, large numbers of seabirds stream into this area.

HƗ‘upu ridge provide nesting areas for endangered birds, and serve as critical habitat for
some of the last remaining specimens of endemic Hawaiian flora.
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The final major private property in the study area is made up of the Alekoko Fishpond and
an adjacent segment of HulƝ‘ia Stream. These two parcels totaling just over 100 acres

KƯpǌ Ranch was purchased by William Hyde Rice in 1881 and has remained in the Rice
family, operated first as sugar plantation and then as cattle ranch. The KƯpǌ property
ascends from HulƝ‘ia to the HƗ‘upu ridge above KƯpǌ Kai and MƗhƗ‘ulepǌ, and is zoned
for agriculture except on upper portions of the ridge. Uses of the land today include not
only cattle ranching, but also ecotourism. Tour operators offer kayak and hiking trips that
begin at HulƝ‘ia and then venture inland to KƯpǌ’s pastures and forested slopes. The ranch
is home to a variety of non-native wildlife introduced by the Rice family. An ATV
operation on site provides guided adventures throughout the KƯpǌ property. Approximately
three-fourths of the ranch lies within our reconnaissance survey study area.

North of KƯpǌ Kai, in the area known as Niumalu, is a nearly 1400-acre private property
that overlooks the ocean, NƗwiliwili Bay and HulƝ‘ia Stream. Owned by California
resident Donn R. Campion, this land remains undeveloped and unused. Though its
conservation zoning allows for construction of a single residence, none has been built. The
owner placed the property on the real estate market in 2004; no sale occurred. Access to the
Niumalu tract is afforded through the adjacent private KƯpǌ Ranch.

A second major private property is KƯpǌ Kai, a 1,117-acre coastal valley owned by the
long-time heirs of Jack Waterhouse, and legally slated to be turned over to the state as a
wilderness park upon their passing. Its scenic setting has served as a movie location, and
until 2006, a cattle ranch. Today resident caretakers live on site, and Waterhouse family
and friends vacation in the old Waterhouse home. Residents and commercial tour operators
approach this scenic hideaway by boat to play, fish and gather limu (edible seaweed) in the
nearshore waters; foot traffic is not allowed above the high tide line. It is unclear how the
family will sustain the land in the near term under a growing tax burden, and details remain
unsettled as to how the state will protect KƯpǌ Kai’s resources in the long term.

While acknowledging the potential development value of the MƗhƗ‘ulepǌ valley and
shoreline, Grove Farm managers say they intend to utilize the valley as an agricultural park
with its own branding, and that they have no current plans for resort or residential
development there, or along the shoreline. Cultivation of taro has already begun. The
long-term conceptual plans for the agricultural park include a possible interpretive
pedestrian path around the valley, where hundreds of acres will be dedicated to traditional
Hawaiian taro-growing, native Hawaiian healing plants, organic greens, fruit orchards, and
other 'grow what you eat' crops.

In 2000, the Wilcox family sold Grove Farm to Steve Case of America Online. Today the
corporation is involved in major residential and commercial developments in LƯhu‘e. In
recent years it has leased portions of its MƗhƗ‘ulepǌ land for various individual and
business purposes, including crops, pasturage, a commercial stable, a sand quarry, and a
nonprofit research and restoration project at Makauwahi cave. Grove Farm allows daytime
vehicle access through the valley to a dirt road that skirts the shoreline, with a gated entry
that is locked at night. This beach access is used by both residents and visitors.
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Adjacent and upstream to the fishpond is the only major public land in the study area, the
U.S. Fish and Wildlife Service’s HulƝ‘ia National Wildlife Refuge. The refuge was
established in 1973 as a managed wetland to provide habitat for Hawai‘i’s endangered
waterfowl. It occupies four parcels including both conservation and agricultural land. Like
the fishpond, the refuge prohibits public access, but in the absence of on-site enforcement
some informal recreation use occurs. A state-owned roadside overlook affords a scenic
view of the fishpond and wildlife refuge against the backdrop of the HƗ‘upu mountain
range.

belong to the O`ahu-based Okada Trucking firm. The pond is designated as conservation
land and is listed on the State and National Register of Historic Places. Although public
access is prohibited, stream users occasionally enter the pond by kayak. In 2005, the
owners attempted unsuccessfully to sell this property.
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MƗhƗ‘ulepǌ lands below HƗ‘upu ridge are part of the Kǀloa series that cloaks most of the
east half of Kaua‘i. It formed as the Kaua‘i volcano ceased major eruption and began to
erode, with occasional small eruptions at lava domes, cinder cones and spatter cones. These
produced a layer of lava that, though not large in mass, nevertheless covered a large area.
Kǀloa volcanics within the study area at MƗhƗ‘ulepǌ include both underlying lava and
visible vents, ranging from .5 to 2.0 million years in age (Blay & Siemens 2004).

Kǀloa Volcanics

Waimea basalts comprise most of the HƗ‘upu mountain range, and can be readily seen in the slopes and sea cliffs of
Kawelikoa Point, at the northeast end of the MƗhƗ‘ulepǌ coast near HƗ‘ula Bay.

The HƗ‘upu mountains that cross the the study area are made up of the most ancient
volcanic series in the high islands, the Waimea Canyon Basalts. These formed during the
shield-building stage of the Kaua‘i volcano, as eruptions gradually built up its sides and
widened its base. Most of the HƗ‘upu range is part of the ancient NƗpali member of the
Waimea series, dating from 4.35 to 5.1 million years old. The caldera of Mt. HƗ‘upu is the
separate HƗ‘upu member, which remains undated. (Blay & Siemens 2004)

Waimea Basalts
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The MƗhƗ‘ulepǌ formation is an exceptionally rich ground for avian and other fossils.
According to Smithsonian Institute researchers, the majority of significant avifauna fossils
found in Hawai‘i were collected along this coast. Many were documented in the 1970s and
1980s, a period when the dunes were active and shifting, exposing pockets of fossils,
including bones from three species of goose, a long-legged owl, and a flightless rail.
Though vegetation has since partially stabilized the dunes, portions of loose limestone still
sometimes break off to reveal new and startling fossil finds. (James 2007)

Caliche limestone dunes at PƗo‘o Point

The dunes vary in their degree of consolidation and weathering according to age. The
oldest and most thoroughly cemented layer, the Punahoa member, occurs near HƗ‘ula and
Papamǀ‘i and covers most of Punahoa Point. It is laced by caves and contains fossils of
land snails and plant roots. Mid-range layers (PƗo‘o and Makawehi members) are
moderately or well cemented, with fossils of land crab burrows and plant roots. The loosely
cemented PƗ‘Ɨ dunes that run northeast from Makawehi Pt. toward Punahoa comprise the
youngest MƗhƗ‘ulepǌ member. Formed 4,000-6,000 years ago, they contain numerous
fossils including land crabs, crab burrows, plant roots, land snails and birds. (Blay &
Siemens 2004)

The MƗhƗ‘ulepǌ coast features a remarkable array of lithified
dune features that lie atop the much older Kǀloa and Waimea
Canyon lavas. First formed when sea level was about 60 feet
lower than today, they accumulated over the last 350,000
years, and are still dynamically changing. Extending from
below sea level to as high as 500 feet above it, their layers
reflect global cycles of glaciation and sea level change.
Transitions between layers are marked by depositional and
erosional soils that settled there during glacial periods, when
sea level dropped and the shoreline lay as much as a mile
farther out than it does today. The dunes contain plant and
animal fossils that tell the stories of their time.

4.1 Geological Resources

As the oldest of the state’s main islands, Kaua‘i features the widest age range of geologic
landforms that illustrate the birth of the Hawaiian archipelago. Within the study area, this
full age span of high-island volcanics can be seen at one time. The study area also displays
a visible geologic record of global sea level changes over the last 300,000 years, and a
10,000-year fossil trove of Hawai‘i lifeforms.

Lithified Dunes

4 STUDY AREA RESOURCES
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In the early Holocene, the Makauwahi Cave was
entirely roofed and had a dry floor. But as sea levels
rose the nearby ocean increasingly breached the cave.
A small opening in a limestone bluff
About 7,000 years ago the roof at the center of the cave affords entrance to the sinkhole.
collapsed, forming a sinkhole open to the sky, and
internal collapses sealed the cave off from the sea. Groundwater filled the cave and created
a lake. During the millennia that followed, natural soils, sand, bones, plant remains, shells,
and human artifacts and debris from the surrounding area swept into the sinkhole lake,
building up thick layers of a peat-like substance that eventually turned the lake into a
swamp. (Burney & Kikuchi 2006)

A large limestone cave system, hollowed out by
groundwater, permeates the dunes of the MƗhƗ‘ulepǌ
Formation. The best known part of this cave system is
the Makauwahi cave and sinkhole, located on Grove
Farm property just inland of Punahoa Point. It is the
state’s only solution limestone cave (OSP 1992), and
has been described as “the largest limestone cave
complex, the richest fossil site and the oldest dated
ecological site in the Hawaiian Islands.” (Hoopaja
2006). Discoveries at Makauwahi were featured in
public television’s 2001 NOVA series on worldwide
species extinction.

Makauwahi Cave and Sinkhole

Beaches along the study area are comprised of recent sedimentary deposits, either in the
form of loose sand or bedded calcareous sandstone (beachrock). Geologically recent
deposits also formed the alluvial soils in the study area at HulƝ‘ia river valley, and around
the base of the HƗ‘upu range at KƯpǌ Ranch, MƗhƗ‘ulepǌ valley, and KƯpǌ Kai.

Loose sand deposited during the last 2000 years overlies all the geologic units in the
MƗhƗ‘ulepǌ Formation. Modern dunes of up to 50 ft occur at HƗ’ula, Papamoi, and
KƗmala, as well as farther up the coast at KƯpǌ Kai. They are partially stabilized by
vegetation, but continue to be reshaped by the trade winds that sweep the coast. ‘Ɩweoweo,
a tall fossil sand dune atop basement rock north of HƗ‘ula, is reported to be the longest,
largest burial dune in the Pacific. It consists of partly lithified gray hydromorphic soils that
were transported from the Yangtse River valley, China by high altitude winds (Blay 2007).

Modern Dunes and Recent Sedimentary Deposits

An adjacent limestone cave/sinkhole that is part of the lithified dune system lies just inland
of Punahoa Point. Paleoecologists excavating there have discovered an unparalleled array
of plant and animal fossils and human remains from both pre- and post-contact Hawai‘i;
these are described later in this section (see Makauwahi Cave, below and in Section 4.6)
Fossils were also found at a sand quarry site next to the cave.
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Sediment layers in the cave chronicle Hawai‘i environment, lifeforms and geological
events from 10,000 years ago up to the present. The site is exceptional partly because of its
excellent stratification, and also because of its unusual degree of preservation of materials
that normally perish. The peat’s neutral pH, created by the combination of fresh water and
limestone, allows for preservation of minute pollen grains as well as bones and shells; one
fossilized but intact yam was even uncovered. “This is like a giant pickling jar. Leaves,

The sinkhole walls range in height from 6 to 25 meters.

Cave passages connect to the north and south ends of the sinkhole. The south passage leads
to culturally sensitive areas and is protected from public access. The north passage, where
researchers and visitors enter the cave, has a crawl-in entrance through a sheer limestone
bluff bordering Wai‘ǀpili Stream.

Today the sediments are 10 meters deep at the sinkhole’s center, and the sinkhole floor sits
1-2 meters above sea level. A coating of silty clay—deposited mostly during the 20th
century—cloaks the earlier peat-like strata. The water table, fed by underground springs,
sits just below the clay surface. The sinkhole’s sheer walls range in height from 6 to 25
meters, forming an irregular opening to the sky that measures 30-35 meters across. (Burney
et al. 2001)

4.2 Vegetation

Researchers have collected cores throughout the site; described ten stratigraphic units
based on age, sediment, and the fossils and artifacts found; and excavated in three pits to
depths as much as 5 meters below the water table. To date, they have documented findings
from over 200 cubic meters of sediment. According to the lead researchers on site, “Nearly
10,000 years of sedimentary record … has been analyzed for vertebrate bones, invertebrate
shells, plant macrofossils, pollen, diatoms, sedimentology, and in the upper layers, human
artifacts.” Their finds, often cited in journals and featured in public media, are documented
in Burney and Kikuchi (2001) and Burney et al. (2001), and are summarized below.

Excavations at Makauwahi have
uncovered fossils of 45 species of birds.
Fully half of these are extinct, and seven
or eight are species not previously
documented by science. They include a
long-legged owl that ate fellow birds; a
newly discovered extinct species of bat;
flightless grazing birds the size of turkeys;
a moa nalo (lost fowl) with a jaw like a
turtle; and a tiny duck that fed at night and
had eyes set unusually far back on its
head. Other finds are nesting boobies,
Fossil bird bones from Makauwahi cave and sinkhole.
gulls, several forest birds, and the
endangered Laysan duck, which still exists
elsewhere in the Hawaiian archipelago but was not previously known to inhabit Kaua‘i.

15

Other finds include 14 species of extinct land snails, seen in large numbers in lower cave
layers but entirely absent in later strata. Their disappearance correlates with the arrival of
the Pacific rat, which is believed to have landed in the islands with the first Polynesians.
Earliest evidence of rats in the cave layers is dated at 1039-1241 A.D.

Plant fossils uncovered at Makauwahi are equally surprising. The cave strata yield seeds
and pollen of many plant species which today are rare and seen only at higher elevations,
and which were previously assumed to be suited only to Hawai‘i’s cooler, wetter upland
and mountain areas. Their appearance in significant numbers in core samples from
Makauwahi is leading scientists to reconsider these assumptions, and to examine the
possibility for extensive native plant restoration efforts in coastal areas.

Even today, a drama of potential extinction is playing out at Makauwahi and other caves in
the MƗhƗ‘ulepǌ Formation. The cave system is designated Critical Habitat for the Kaua‘i
cave wolf spider (Adelocosa anops) and the Kaua‘i cave amphipod (Spelaeorchestia
HanamƗ‘uluna). Only a few known populations of these species remain; all are small, and
all occur in Makauwahi or its immediate vicinity. The U.S. Fish and Wildlife Service is
helping to fund plant restorations atop the cave area, in order to foster the native plants
whose roots extend downward to the cave ceilings, potentially serving as food for the
endangered arthropods (Henry 2007).

To protect this unique resource and make it available for research, the private landowner
leases the sinkhole and 17 acres around it to the nonprofit Makauwahi Cave Reserve.
Research at the site began in 1992 and first received federal funding in 1996. Sponsors
have included National Science Foundation, NOAA, National Tropical Botanical Garden,
Fordham University, the Smithsonian Institution, USDA, Kaua‘i Community College, and
the National Geographic Society.
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NPS staff noted coastal strand vegetation from Makawehi to

Hawai‘i’s native coastal strand vegetation—an array of plants
unique in the world—has been destroyed or seriously degraded
on beaches throughout the state’s inhabited islands. Along the
shoreline of the study area, the fact that public access is
relatively limited and adjacent land remains undeveloped
provides some protection for this plant community. A wide
variety of native coastal flora still grows here, despite the
extensive presence of non-natives such as ironwood and koa
haole.

4.2.1 Coastal Vegetation

Ma‘o, Hawaiian cotton
(Gossypium tomentosum)

Within the study area, both the undeveloped shoreline and the upper reaches of HƗ‘upu
ridge provide haven for a variety of native Hawaiian flora, including many rare and
endemic species that have been identified as Species of Greatest Conservation Need by the
state of Hawai‘i. Extensive portions of ridge and shoreline are designated as Critical
Habitat for federally-listed endangered species (see Study Area Features map). In the
valleys and on the lower slopes of the HƗ‘upu range, non-native species dominate.

Hawai‘i’s geographic isolation and varied volcanic habitats combined to support evolution
of unique flora. Nine-tenths of the state’s approximately 1500 indigenous plants grow
nowhere else in the world. Because they are adapted to such localized conditions,
Hawai‘i’s endemic plants are especially vulnerable to extinction as human population
expands, development encroaches, and competition from introduced species increases.

Hawai‘i’s native species disappear from Makauwahi’s successive sediment layers in stages
that reveal much about human interaction with the island environment. Arrival of people,
rats and pigs corresponds with rapid disappearance of large snails, large flightless birds,
and certain plants. A second stage of species loss ensues as Polynesian settlers alter the
landscape, eat some native species, and introduce new ones. Extinction proceeds apace
when Europeans arrive: they introduce goats and cattle, import new species for agriculture,
rapidly use forest resources, and alter the landscape in ways that dramatically contribute to
erosion and lowland sedimentation.

whole tree trunks, extinct land snail shells, bird bones, seeds, fish with scales still on—
they’re all remarkably preserved” (Burney D, quoted in Hoopaja 2006)

‘Ilima (Sida fallax)

Koko, beach spurge (Chamaesyce
degeneri)

Pohuehue, beach morning-glory
(Ipomea pes-caprae)
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NPS staff did not visit upland sites during the reconnaissance survey visit, but botanist Ken
Wood, a conservation biologist for the National Tropical Botanical Garden, compiled
records of native flora and fauna on and around the summit region of Mt. HƗ‘upu (18002300 ft elevation) during a recent research trip. He describes an impressive inventory of
native vascular plant species in this isolated ecosystem (Wood 2005).

4.2.2 Upper Elevation

Coastal strand species sighted or reliably reported during the
survey appear in Appendix 6.2.1. One non-coastal tree, the
native leguminous wiliwili, appears in the list. While not a
coastal strand species, it was found quite near the beach in a
remote spot. This merits attention due to the recently
introduced Erythrina gall wasp that has attacked most wild
wiliwili in the state.

One item of special note is Ruppia martima, an indigenous
seagrass recorded in the north end of the study area.
Although not seen by NPS, according to staff of the National
Tropical Botanical Garden, this is one of three previously
known Kaua‘i populations of this species, and it is likely that
is the only one still persisting. It is characterized by NTBG
staff as the “nicest presentation of [the species]” (Burney and
Flynn 2007).

Indigenous species (native to Hawai‘i but also found
elsewhere) include two species of pohuehue (morning-glory);
naio (false sandalwood); hala (screwpine); ‘akulikuli (sea
purslane); ‘ilima; milo (portia tree); and ‘uhaloa. Common
non-natives near the shoreline are beach pea, tree heliotrope,
and niu (coconut palm).

Other endemics (species found only in Hawai‘i) include
Hawaiian cotton (Gossypium tomentosum); beach spurge
(Chamaesyce degeneri); pa‘uohi‘iaka (Jacquemontia
ovalifolia); koki‘o (Kokia Kaua‘iensis); nehe (Lipochaeta
integrifolia); ma‘oli‘oli (Schiedea sp.); noni tree (Morinda
citrifolia); the tree Munroidendron racemosum; two species
of loulu (Pritchardia cf minor, Pritchardia elmerrobinsoni);
and the Hawaiian caper (Capparus sandwichiana) and
hinahina kahakai (Nama sandwicensis), both designated as
USFWS Species of Concern.

HƗ’ula and at KƯpǌ Kai, with the greatest concentration of native species seen from PƗ‘o‘o
Point northward. U.S. Fish and Wildlife Service has designated Critical Habitat along the
entire MƗhƗ‘ulepǌ shoreline for the endangered ‘ohai (Sesbania tomentosa).
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Three of the plants identified by Wood on HƗ‘upu may
be previously unknown species. Another, Pittosporum
gayanum, is a unique HƗ‘upu form of the hǀ‘awa tree
that appears to hold horticultural promise (Wood 2005).
USFWS has designated six species known on HƗ‘upu
as endangered, one as threatened and six as Species of
Concern. Parts of HƗ‘upu ridge are designated Critical
Habitat for eleven endemic plant species.

Delissea rhytidosperma, a Genetic Safety Net
species.

Wood singled out seventeen endemic vascular plants on Mt. HƗ‘upu that merit especially
urgent conservation efforts due to their rarity (Appendix 6.2.2). Among them are three of
Hawai‘i’s Genetic Safety Net species—those of which
fewer than fifty individuals are known to remain alive
in the wild. They include Schiedea perlmanii,
Tetraplasandra bisattenuata (‘ohe‘ohe), and Delissea
rhytidosperma. The thirteen Schiedea on HƗ‘upu are
the only known living examples of their species. A
group of thirty ‘ohe‘ohe trees found by Wood provides
cause for celebration: until recently, only two
individuals of this single-island endemic were known
to exist.

The summit hosts at least 112 native plant species (Wood 2005). Of these, nearly ninety are
endemic to Hawai‘i. Over two dozen are endemic to Kaua‘i only, and some are restricted to
just Mt. HƗ‘upu.

Throughout the Mt. HƗ‘upu summit area, native vegetation still dominates in a mostly open
landscape of shrubs, ferns, and scattered trees. The estimated amount of native vegetation
varies by location—from 60% on the summit and east slopes to as much as 85% on the
precipitous north face. (Wood 2005).

Matting ferns such as uluhe (Dicranopteris linearis) and uluhe lau nui (Diplopterygium pinnatum) mix with a scattering of
trees, primarily ‘ǀhi‘a (Metrosideros polymorpha), on HƗ‘upu’s east slope and upper summit.
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Newell’s shearwater, a Threatened endemic species, nests in the study area on HƗ‘upu
ridge. A known nesting site recognized in the USFWS Recovery Plan for the Newell’s

The most extensive habitat for waterbirds in the study area is at the HulƝ‘ia National
Wildlife Refuge. HulƝ‘ia was established in 1973 to provide open, productive wetland and
is considered a Core Wetland in the USFWS Recovery Plan for Hawai‘i’s Endangered
coot, moorhen, duck and stilt (USFWS 2005). It provides breeding habitat to all four of
these Hawaiian waterbirds plus the indigenous black-crowned night-heron. Two endemic
birds characteristic of open country also nest on the refuge: the endangered nƝnƝ and the
pueo. Migratory water fowl and shorebirds are common seasonal inhabitants.

Habitat for these species is scattered throughout
the study area. Manmade reservoirs at WaitƗ,
NƝnƝ, Hawaiian goose
Pu‘u Hi and MƗhƗ‘ulepǌ provide a year-round
attraction, as do the golf course ponds at the
adjacent Grand Hyatt resort. Intermittent
streams and wetlands at MƗhƗ‘ulepǌ and KƯpǌ
Kai also provide habitat. Bottomlands at KƯpǌ
Kai were the site of a deliberate reintroduction
of nƝnƝ several decades ago; the increasing
numbers of nƝnƝ now seen on south Kaua‘i
outside KƯpǌ Kai are believed to be descendent
populations from that group. According to a
state source, nƝnƝ, koloa and other waterfowl
frequent the taro lease land in MƗhƗ‘ulepǌ
Koloa maoli, Hawaiian duck
valley, and a broad natural depression in the
valley that fills with water after heavy rain draws many waterbirds. Sixty koloa individuals
were counted during one such event (Kaiakapu 2007).

The endemic Endangered birds known in the
study area are the Hawaiian coot (‘alae
ke‘oke‘o), common moorhen (‘alae ‘ula),
Hawaiian duck (koloa); Hawaiian stilt (ae‘o);
and Hawaiian goose (nƝnƝ). All but the coot and
the nƝnƝ were observed by NPS during the site
visit.

NPS staff recorded nine native bird species while on the reconnaissance and documented
another seven via research or by interviews with local biologists. Of the total, seven are
endemic at the species or sub specific level, five are indigenous, and the remaining four are
migratory birds that winter in Hawai‘i. Five of the seven endemic species are designated by
USFWS as Endangered, and one as Threatened.

4.3.1 Birds

4.3 Terrestrial Wildlife

Pueo, Hawaiian owl

‘A‘o, Newell’s shearwater
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Four migratory species that winter in Hawai‘i and return to the arctic to breed were noted
in the study area. We observed three of these: the Pacific golden plover, ruddy turnstone,
and wandering tattler. The fourth migrant, the sanderling, has been reported by residents
(MM 2004). Additional migratory shorebirds probably frequent the coastline occasionally,

Wedge-tailed shearwaters regularly nest in the
nooks and crannies of the MƗhƗ‘ulepǌ coast, and
red-tailed tropicbirds are also known to nest there.
However, in recent years feral and domestic dogs
wreaked havoc on accessible nests in this popular
area (Kaiakapu 2007, Zaun 2007). Presumably
Koa‘e kea, white-tailed tropicbird
successful nesting still occurs along sea cliffs in
the northeastern part of the study area where access is limited.

Five indigenous species are known by NPS to
frequent the study area: the black-crowned night
heron, white-tailed tropicbird, great frigatebird,
wedge-tailed shearwater, and red-tailed tropicbird.
The black-crowned night heron finds breeding
habitat at HulƝ‘ia NWR and was spotted during
the survey. Biologists describe frigatebird
sightings at MƗhƗ‘ulepǌ and on Mt. HƗ‘upu,
where seven individuals were seen flying together
(Wood 2005). Researchers at the Makauwahi
Cave Reserve and on Mt. HƗ‘upu report repeated
sightings of white-tailed tropic birds (Burney
2007, Wood 2005) and NPS staff saw several
during the reconnaissance survey.

The endemic short-eared or Hawaiian owl (pueo)
was reported by a biologist and seen by NPS
during the survey; both sightings occurred on or
near the east end of the HƗ‘upu ridge (Wood
2005).

Shearwater is at Kaluahonu, northeast of WaitƗ
Reservoir (USFWS 1983) by the west edge of the
study area. Biologists who spend research time on
Mt. HƗ‘upu report hearing approximately 100-120
individuals arriving in summit areas around 8pm
and departing back to sea in the early mornings
between 3 and 5 am. Based on audial observations
they believe that most of these birds were headed
to the Kaluahonu area, but that perhaps 15-20
pairs were nesting nearer their summit camp
(Wood 2005).
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Appendix 6.2.3 provides a species list of native birds identified by NPS in the study area. It
includes nine species seen on the March 2007 site visit and seven noted during interviews
or by research.

Most of the birds offshore will be Wedge-tailed Shearwaters and Red-footed
Boobies, but large gatherings of Newell's Shearwaters and smaller groups of
Hawaiian Petrels can also be seen. Brown Boobies (below) are regularly
seen as are Sooty Terns, Black and Brown Noddies, Laysan and Blackfooted Albatross and less frequently Tropicbirds and Frigatebirds. Groups of
100 or more Newell's Shearwaters and 50+ Hawaiian Petrels have been
recorded as well as many other migrant seabirds. Sooty Shearwater is
regular in the Spring, usually in small numbers but over 500 were recorded
in one evening in 1999. Other migrants and vagrant seabirds recorded here
have included Masked Booby, Mottled Petrel, Short-tailed Shearwater,
Ring-billed and Laughing Gulls, Grey-backed Tern, Common Tern and
White Tern. Bristle-thighed Curlews have been reported several times
passing the Point during the spring and fall and are always worth keeping an
eye, and ear, out for. Ruddy Turnstone and Sanderling are sometimes seen
on the rocks here and a Dunlin was seen nearby in 1997. Barn Owls
regularly hunt the nearby airfield and often fly low over the Point whilst
searching for prey, such as mice and rats. Short-eared Owls (or Pueo) are
less regular at the Point but are seen occasionally…(Birding Hawai‘i 2007).

The seldom-accessed Niumalu portion of the study area, which was not visited by NPS, is a
potential location for seabird sightings and research. A website for Hawai‘i birders
describes Ninini Point—outside the study area but directly across HulƝ‘ia Stream from
Niumalu—as “probably the best seawatching site in Hawai‘i,” with thousands of birds
observable under good conditions (e.g., mornings in spring through fall, with northeast
tradewinds):

The extensive limestone formations of the MƗhƗ‘ulepǌ coast are an exceptionally rich
ground for avian fossils. Fossilized bird bones from three species of goose, a long-legged
owl, and a flightless rail were recovered from the lithified dunes, and fossilized bird prints
from an extinct bird, possibly one of the moa nalo species, were recently found. Nesting
boobies (possibly shrub-nesting red-footed boobies) are known from fossil remains
recovered from the Makauwahi Cave Reserve.

We neither observed nor learned of any native passerines in the study area. In a 2005
record of birds seen on the summit of Mt. HƗ‘upu during botanical research, biologists
reported two introduced passerine species (hwamei and Japanese white-eye), but no native
ones (Wood 2005). As is common on all the main Hawaiian islands, songbird habitat along
this coast has been severely altered or eliminated, and disease-bearing alien mosquitoes
that infect the passerines are presumably present at least seasonally at all elevations.

and other seabird species likely transit the coast. A state study notes that seabirds use the
coastal sea cliffs and foothills for nesting and loafing (OSP 1992).
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NPS uncovered little additional information on terrestrial invertebrates in the study area.
Results are pending from a recent study (Wood 2005)in which botanists from the National
Tropical Botanical Garden observed, recorded and collected specimens of arthropods and
molluscs on and around the summit of Mt. HƗ‘upu. Specimens were sent to Bishop
Museum for further identification. Results will provide a window into species distribution
and diversity within HƗ‘upu’s native plant communities.

The cave-laced corridor along the MƗhƗ‘ulepǌ coast of the study area, from Makawehi
Point to Kawelikoa Point, is designated by USFWS as Critical Habitat for both of these
endangered species. At Makauwahi cave and sinkhole, located within the study area near
Punahoa Point, the USFWS is funding plant restoration atop the cave system in order to
foster the native plants whose roots extend downward to the cave ceilings and serve as food
for the endangered arthropods (Henry 2007).

At least three-fourths of the historic habitat for these two species has been “rendered
uninhabitable by development projects” (CBD 2007). Both species have been reduced to a
few small populations; exact numbers remain unknown. Researchers say the spider is seen
regularly in only one cave with a population of 16 to 28 individuals (USFWS 2005).

The Kaua‘i cave wolf spider—
sometimes called the "no-eyed,
big-eyed wolf spider"—grows
to about 1.5 inches. It has so
completely adapted to deep,
dark moist caves that it has no
eyes. The spider uses venom to
capture small prey—including
the Kaua‘i cave amphipod—
Kaua‘i cave wolf spider
but is harmless to humans. The
Kaua‘i cave amphipod, also sightless, is a smaller shrimp-like creature (~.4 inch). It eats
decomposing matter, mostly plant parts and roots, found in the caves.

The study area hosts two notable and extremely rare terrestrial invertebrates: the Kaua‘i
cave wolf spider (Adelocosa anops) and the Kaua‘i cave amphipod (Spelaeorchestia
HanamƗ‘uluna). In 2000, both the spider and the amphipod were federally listed by
USFWS as endangered species.
All known populations occur in
the Kǀloa basin on Kaua‘i,
within a 4-square-mile area
(CBD 2007) that lies partly
within the study area.

4.3.2 Terrestrial Invertebrates
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The beaches and nearshore waters of the study area are home to three important large
marine vertebrates: the endangered Hawaiian monk seal, known in Hawaiian as ‘Ưlio holo i
ka uaua (Monachus schauinslandi); the endangered humpback whale or kohala (Megaptera

4.4.1 Large Marine Vertebrates

Compared to other Hawai‘i shorelines near population areas, the coastal marine habitats of
the study area appear relatively unmodified and undisturbed by humans. To date these
habitats—and the species they harbor—remain largely unstudied, probably because of
rough ocean conditions combined with restricted access.

Limited information is available on the study area’s subtidal composition and bathymetry,
except for a few sample sites. Below the cliffs by HƗ‘ula Bay, the nearshore bottom is
consolidated reef and beachrock with some sediment, and the offshore bottom is sand;
depth drops to 50 feet within 0.3 miles. At Makawehi, the bottom is basalt with a thin
veneer of non-reefal marine life, and depth drops to 50 feet within 0.2 miles.

Tidepools in the basalt benches serve as important nursery habitats for marine invertebrates
and fishes. The most extensive tidepool complexes we saw during the site visit are at
Makawehi and KƯpǌ Kai. NPS staff observed juveniles of several marine species at both
locations, with the greatest diversity occurring at KƯpǌ Kai.

The cliffs and headlands are separated by small bays, coves or shelves, often with
nearshore rock reef benches or boulders that partly protect the shallow waters. White
carbonate sand or cobble beaches and basalt benches occupy the intertidal zones (olivine
sand occurs in one location). Modern loose sand dunes back many of the beaches and
storm-deposited colonies of aged coral rubble are occasionally found high up on shore.

The study area coast is exposed to strong tradewinds and turbulent surf, and lacks any
major well-protected bays. The geomorphology of its undulating shoreline offers a variety
of habitats for hardy marine life. Above HƗ’ula, around KƯpǌ Kai, and northward to
NƗwiliwili Harbor the stratified basalts of the HƗ‘upu mountain range terminate in cliffs
and headlands that drop precipitously to the sea. Below HƗ‘ula along the MƗhƗ‘ulepǌ coast,
the ancient lithified dunes that overlay basalt bedrock are eroded into elaborate cliffs, caves
and pinnacles angled over the water.

This section summarizes the large marine vertebrates, fishes, algae, and marine
invertebrates in the study area that were noted by NPS during the survey and reported by
reliable sources. The NPS site visit included hiking and observations along the entire
shoreline from Makawehi to HƗ’ula, and a separate excursion to KƯpǌ Kai. We were unable
to access the steep coastal cliffs of Niumalu on the private property that extends from KƯpǌ
Kai north to NƗwiliwili Harbor. Observations were necessarily limited by time, as well as
by rough ocean conditions. Staff took notes, GPS points, and photographs; no specimens
were collected. We recorded about 80 marine species across all taxonomic groups.

4.4 Marine Resources
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Monk seals in the study area and elsewhere attract crowds: a healthy adult seal weighs in at
an impressive 400 to 600 pounds, and a pup grows from 25 to 200 pounds or so during its
six weeks of nursing. The Kaua‘i Monk Seal Watch Program monitors seal use of island

About 25 seals are known to live
around Kaua‘i (KMSWP 2007).
They feed on fish, eels, lobsters and
octopi in the nearshore waters, and
haul onto shore to bask. Females
Hawaiian monk seal seen basking during March 2007 NPS site visit.
look for safe, gently sloping beaches
by shallow water where they can give birth. They stay onshore to nurse their young for
about six weeks, and the pup generally lingers at the birth beach for another month or two
after weaning. Kaua‘i is considered the hot spot for seals in the main islands (Eagle 2007).

Ninety percent of the surviving
Hawaiian monk seals live around the
tiny unoccupied islets of the
northwestern Hawaiian archipelago.
However, within this group few
juveniles are living to reproductive
age. By contrast, the much smaller
group of seals that inhabits the main
islands is slowly growing.

The Hawaiian monk seal is one of only two mammals endemic to Hawai‘i, and the most
endangered marine mammal unique to U.S. waters (KMSWP 2007). In 1976 it was
declared depleted under the Marine Mammal Protection Act, and endangered under the
Endangered Species Act. Despite these protections, seal populations plummeted. An
estimated 1200 Hawaiian monk seals remain alive today; experts predict there will be
fewer than 1000 within five years (NOAA 2007b).

Endangered Hawaiian monk seals regularly haul out on the beaches of the study area to
bask. During the brief NPS field reconnaissance we observed adult seals resting onshore at
Kawailoa Beach and at KƯpǌ Kai. Successful monk seal puppings occurred at MƗhƗ‘ulepǌ
in 2000 and 2007, at nearby Po‘ipu Beach in 2000 and 2001, and at KƯpǌ Kai in 2006.

Hawaiian Monk Seal

novaeangliae); and the threatened green sea turtle or honu (Chelonia mydas). All three
were sighted during NPS’s March 2007 visit.
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Each winter about 5,000 humpback whales migrate to Hawai‘i from their Alaska feeding
grounds to mate, calve and nurse their young. After centuries of population decline by
whaling, in the 1970s this massive marine mammal—adults reach over 40 tons—was
declared endangered under the Endangered Species Act and depleted under the Marine
Mammal Protection Act. Today the species is slowly making a comeback. Hawai‘i is the
only state in the nation where humpbacks reproduce.

According to a summary of humpback whale sightings recorded in 2002-2005, the
MƗhƗ‘ulepǌ coast featured Kaua‘i’s best spot for whale-watching (NOAA 2006). On the
March 2007 site visit, late in whale season, NPS noted three humpback whales in waters
offshore of the study area.

Humpback Whale

A species list of fishes seen by NPS or reliably reported by others appears in Appendix
6.2.4. It should be noted that we were not able to observe or reliably confirm fish species
of HulƝ‘ia Stream or NƗwiliwili Bay during the reconnaissance survey.

Increasingly, green sea turtles frequent the waters and beaches of Hawai‘i’s main islands,
including Kaua‘i. Within the state the species appears to be making a comeback. At the
same time, these Hawai‘i turtles are plagued by fibropapilloma tumors. Because of this
affliction, plus mortality from poaching and gillnet capture throughout the Pacific, officials
say the conservation future for the species is “seriously compromised.” (NOAA 1998)
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The only indication of algal overgrowth observed by NPS is on shallow, gently sloping
rocky intertidal benches, where cover is dominated by limu kala (Sargassum echinocarpum) or a diverse assemblage of foliose and turf algae. Where limu kala dominates,
other algal species present include Asparagopsis taxiformis, Dictyota sandvicensis,
Dictyosphaeria cavernosa, Laurencia sp., Padina sp., Turbinaria ornata, Ahnfeltiopsis
coccinea, and Wrangelia elegantissima. On large boulders exposed to strong waves,
crustose coralline red algae are particularly abundant.

NPS observed and identified 23 algal taxa from shore and at wading depth during our brief
site visit. Based on the locations we saw, algal and benthic invertebrate cover appear to be
in equilibrium throughout the study area. We saw no invasive or alien algae. A 2007 limu
inventory along the MƗhƗ‘ulepǌ coast by a local biologist reportedly noted small amounts
of invasive hypnea but an otherwise diverse and healthy array of species.

4.4.3 Algae

In study area tidepools we saw the zebra rockskipper blenny, as well as juveniles of several
families found commonly in Hawaiian intertidal pools and shallow nearshore rock reefs.
One brackish-water fish, the Western mosquitofish (Gambusia affinis) was seen in the
mulivai (brackish water wetland) at KƯpǌ Kai.

Nine out of ten green sea turtle nests in Hawai‘i occur in the remote northwestern end of
the archipelago. Growing turtles range hundreds of miles, however, to find foraging
grounds. They feed in shallow waters, mainly on algae and sea grasses, and bask on open
beaches. To nest and give birth, they return to the beach where they were born.

Kaua‘i residents describe the nearshore waters of the study area as a “prime fishing area.”
Telltale pipes for holding fishing poles are embedded at favored sites along the shoreline.
Fish abundance is also implied by the presence of monk seals—the seals feed on reef fish
as well as octopus, lobster, and eel.

Residents report green sea turtles basking and nesting on sandy beaches in the study area
and foraging in nearshore waters. During the site visit NPS staff spotted green sea turtles
swimming at KƯpǌ Kai.

Fish fauna offshore of the study area appear similar to those seen at other shallow water
sites throughout the Hawaiian archipelago. Snorkel fish surveys by trained volunteers for
the Reef Environmental Education Foundation recorded 24 species of fish at Kawailoa Bay
(MƗhƗ‘ulepǌ), and 43 species at KƯpǌ Kai. During the site visit NPS noted eight marine
species, and an additional eight appeared in records kept by proprietors at KƯpǌ Kai.

4.4.2 Fishes

Green Sea Turtles

Green sea turtles swim in warm seas around the world, but the undisturbed environments
they require as major breeding sites and the untrammeled sandy beaches they need as
nesting areas are becoming increasingly rare. In 1978, the species was listed as Threatened
under the Endangered Species Act in all areas under U.S. jurisdiction. Despite this
protection the Pacific population is continuing to decline overall. No major breeding sites
remain in the Pacific. (NOAA 1998)

Preliminary results for 2007 show the MƗhƗ‘ulepǌ coast area (HƗ’ula, Makawehi and
Makahǌena sites) with the three highest whale sighting counts on Kaua‘i (NOAA 2007).

During annual whale counts—an extensive volunteer effort coordinated by NOAA—
observers record whale presence and surface activity at sites around the islands. Four sites
in or immediately adjacent to the study area coast are included in the annual count: Ninini
Lighthouse at NƗwiliwili Bay, HƗ’ula Bay and Makawehi dunes at MƗhƗ‘ulepǌ, and
Makahǌena Point just south of MƗhƗ‘ulepǌ (NOAA 2006).

Monk seal occurrences within the study area take on increasing significance as the overall
population continues declining at about 4 percent each year. The updated Recovery Plan
for the Hawaiian Monk Seal, released in August 2007, states that the species “is headed to
extinction if urgent action is not taken.” Its recovery strategy calls for actions to ensure
continued growth of the seal population in the main Hawaiian Islands. (NOAA 2007b)

beaches. Its volunteers establish cordons and round-the-clock watches to protect ill seals or
mothers and pups from disturbance. (KSMWP 2007)

After molluscs, the next most abundant marine invertebrates sighted by NPS were
echinoderms: we identified four species of urchins and two sea cucumbers. Other species
noted were the spaghetti worm (Loimia medusa), spiny lobster (Panulirus sp. [molt]) and
three types of crab. Shingle urchins (Colobocentrotus atratus) and a’ama crabs (Grapsus
tenuicrustatus) are abundant at some places, especially Pakamoi and KƯpǌ Kai. A full list
of marine invertebrates recorded during the site visit appears in Appendix 6.2.6.

Occurring as widely scattered colonies on basalt, all corals observed had the encrusting,
mound, or robust branching morphologies characteristic of species adapted for life on high
energy exposed coasts. Corals seen in the study area’s wave-protected embayments reflect
good water quality, and presumably low levels of runoff and sedimentation from adjacent
undeveloped lands. While the number of coral species we saw is fairly low for shallow
coastal areas in the Hawaiian Islands, we believe this reflects more the limits on
observation (time, sea conditions) than a depauperate coral fauna.

Similar patterns of coral colonization may
occur in nearshore subtidal depths, but we
were not able to confirm this. It has been
reported that a small fringing reef exists
off Kuahonu Point (Fletcher et al. 2002),
and that an intact reef of Porites
compressa is located off Kawailoa Point
(OSP 1992).

We recorded eight species of stony coral,
one zoanthid soft coral, and the relatively
rare Mann’s anemone (Cladactella
manni), the largest intertidal sea anemone
in Hawai’i. The most commonly
encountered corals across all sites were
encrusting Porites lobata. More protected
areas like Long Beach and Mǀlehu Point
at KƯpǌ Kai hosted a slightly broader
range of species: Porites lobata,
Pocillopora meandrina, Montipora
flabellata and the zoanthid soft coral
Palythoa caesia. Small recruits of
Pocillopora meandrina were common on
the tidal bench at Long Beach.

Mann’s anemone (cladactella manni), Hawai‘i’s
largest intertidal sea anemone.
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Marine invertebrates noted by NPS during the site visit included nine corals, a relatively
rare sea anemone, and 29 other macroinvertebrates.

28

HulƝ‘ia is partially protected due to the presence of the National Wildlife Refuge, which
was established in 1973 to provide wetland habitats for Hawaiian waterbirds. The refuge is
designated a Core Wetland by the USFWS. Currently it is managed to control invasive
vegetation species through disking and water-level manipulation. Proposed future activities
include improved water delivery, mangrove removal at the adjacent fishpond (PCJV 2005)
and wetland restoration (FWS/DU 2005). However, limits on funding and staff appear to
have curtailed any active planning for such improvements.

Lowlands of the HulƝ‘ia, Pǌ‘ali and NƗwiliwili watersheds converge at HulƝ‘ia Stream, the
only perennial stream within the study area. The Hawai‘i Stream Assessment (DLNR
1990) identifies it as one of eight “Outstanding Riparian Resources” on the island of
Kaua‘i, noting the presence of recovery habitat, four species of threatened or endangered
birds, and a significant amount of palustrine wetland. The stream’s aquatic resources are
also rated outstanding: a native indicator species, ‘o‘opu nƗkea (awaous stamineus), and six
other native aquatic species were observed during the 1990 survey. Threats identified
during the assessment included invasive hau, California grass, and pigs.

HulƝ‘ia

The study area lands encompass portions of five Kaua‘i watersheds: HulƝ‘ia, Puali, and
NƗwiliwili in the area north of the HƗ‘upu ridge; KƯpǌ Kai at the ridge’s east end; and
MƗhƗ‘ulepǌ from the ridgeline southeast to the coast. Collectively these watersheds feature
one perennial stream at HulƝ‘ia; intermittent streams at MƗhƗ‘ulepǌ, KƯpǌ Kai, and
Niumalu; a mosaic of varied wetland habitats; and two major freshwater aquifers.

4.5 Hydrological Resources

Non-coral macroinvertebrates noted during the NPS site visit were typical for rocky
intertidal waters in Hawai‘i. Molluscs were most prevalent: we saw ‘opihi (Cellana
exarata), false ‘opihi (Siphonaria normalis), reticulated clam (Periglypta reticulate), and
15 species of snails including cone shells, cowries, tube snails, nerites, periwinkles,
Hawaiian turbans and others. At Makawehi Point, nearest to populated areas, evidence of
‘opihi appeared as old middens containing small shells. In the remoter northeast coast of
the study area we saw abundant live ‘opihi up to 7 cm in size.

A species list of algae sighted by NPS during the survey appears below in Appendix 6.2.5.
The list reflects the survey’s limited scope and should not be considered comprehensive.

4.4.4 Marine Invertebrates

Towed-diver surveys conducted offshore of the study area by NOAA in 2005/2006
recorded relatively low coral cover, seldom over 10%. The notable exception was at depths
of 20-30 feet between PƗo‘o Point and Kamala Point, where they noted cover of 20-30%
with medium to high habitat complexity. (Asher 2007)

Limu is a valued food source in Hawai‘i. Caretakers of KƯpǌ Kai report that during low
tides Kaua‘i residents arrive by boat to glean for limu kohu (Asparagopsis taxiformis) and
other edible algae. Evidence of excessive harvesting and poor harvesting of limu kohu is
reported along the MƗhƗ‘ulepǌ coast.
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Though MƗhƗ‘ulepǌ valley’s streams and wetlands were modified, their remnants remain;
these expand and become especially visible during wetter periods. The former Wai‘ǀpili
stream—largely subsumed by the ditch system within the cultivated area at MƗhƗ‘ulepǌ—
emerges in more natural form near Makauwahi Cave at the south end of the study area,
where it joins forces with a natural spring and a remnant of the once much larger
Kapunakea Pond. This wetland juncture attracts waterbirds and serves as nursery habitat
for native fish. It is linked hydrologically to the important Makauwahi Cave complex, a
critical habitat for endangered arthropods that rely on seepage of nutrient-rich water.

Agricultural operations began in the mid-1800s in MƗhƗ‘ulepǌ valley; its intermittent
streams and wetlands were long ago modified for irrigation purposes. The landowner
Grove Farm operates a water system that includes wells, ditches, tunnels and reservoirs.
MƗhƗ‘ulepǌ Reservoir, at the back of the valley, is part of that system. Both it and the
County-owned Pu‘u Hi reservoir (at the very southern end of the study area) serve as
important attractors for Hawai‘i waterfowl. Irrigated taro lo‘i in the valley provide
additional waterbird habitat. A broad natural depression in the valley also fills with water
after heavy rains and temporarily draws waterbirds in large numbers.

The portion of MƗhƗ‘ulepǌ watershed that lies within the study area stretches from the
HƗ‘upu ridgeline southward through MƗhƗ‘ulepǌ valley and eastward to the coast.

MƗhƗ‘ulepǌ

Since access to this watershed is tightly controlled, its water resources have not been wellstudied. NPS staff who visited the site report a brackish water wetland or muliwai behind
the beach at KƯpǌ Kai. With sufficient rain it flows directly to the ocean by a channel and
concrete mƗkƗhƗ, and also joins with the nearby intermittent stream. The muliwai contains
the aquatic grass Ruppia maritima and the introduced Western mosquitofish, and provides
a secluded and protected habitat for Hawai‘i’s threatened and endangered waterfowl.

KƯpǌ Kai watershed descends from the eastern ridges of the HƗ‘upu mountain range to the
ocean. During periods of heavy rain, waterfalls course down the steep coastal pali. A
freshwater spring surfaces near the ridge and an intermittent stream flows through the
valley. The Hawai‘i Stream Assessment recognizes KƯpǌ Kai stream for its “Substantial”
riparian and recreational resources, and documents the presence of four species of
threatened and endangered birds.

KƯpǌ Kai

The lower reach of HulƝ‘ia Stream leading into NƗwiliwili Bay is listed as impaired due to
turbidity and nitrite/nitrate levels. This area—rated in the 1990 stream assessment as an
“Outstanding” recreational resource—is heavily used by residents and tourist for waterbased recreation, and is now the target of state and local monitoring and restoration efforts
(UH Manoa 2007).
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Rain is Kaua‘i’s sole source of water. Rainfall not lost to runoff or evaporation seeps into
the lava flows that make up the island, forming freshwater aquifers. In the study area this
seepage is generally slow, since the types of lava found here are relatively impermeable
overall. However, they do contain some spaces where water collects to form underground

Groundwater

Resource specialists told NPS that MƗhƗ‘ulepǌ and KƯpǌ Kai, in combination with HulƝ‘ia,
provide a much-needed mosaic of varied wetland habitats that should be protected and
restored to be reliably available for endangered Hawaiian waterbirds.

Along the MƗhƗ‘ulepǌ watershed coastline, other small wetland ecosystems fed by rain and
groundwater lie just inland of the dunes. These, too, attract native waterfowl; biologists
believe they once supported larger populations, and have excellent restoration potential.

Research and restoration have been ongoing in Wai‘ǀpili Stream/Kapunakea Pond area
since 1992. On fifteen acres leased from Grove Farm, volunteers are restoring native
grassland and riparian areas. A statewide wetland strategy calls for continuation of these
efforts, and protection of “this unique area in perpetuity through conservation easements,
cooperative agreements with the landowner, and/or direct acquisition.” (PCJV 2005).

Wai‘ǀpili Stream at MƗhƗ‘ulepǌ Beach
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In the study area today, a range of natural and cultural resources reflect the state’s
evolution through the periods of Hawaiian settlement and expansion, Western contact, and
plantation life.

By 1850, American entrepreneurs launched large-scale sugar plantations in southeast
Kaua‘i. Their efforts heralded the beginning of Hawai‘i’s plantation era, which lasted into
the late 20th century. Over that same period, the Hawaiian kingdom fell to United States
political interests. With the 1893 overthrow of Queen Lili‘uokalani, the islands were
claimed as a United States Territory; in 1959, Hawai‘i became our nation’s fiftieth state.

Cook’s arrival set the stage for an influx of newcomers from around the world and
catalyzed a dramatic transformation of Hawai‘i’s land use and demographics. Cook
introduced cattle to the islands; a gift to the government, they quickly multiplied and
spread across the landscape. Whaling ships, traders and missionary expeditions soon
brought new immigrants from America, Asia and Europe. In the decades from the 1830s to
1870s the native Hawaiian population declined by over half, largely due to introduced
diseases. An American land ownership framework replaced Hawaiian ways of managing
resources and a western-style economy rapidly took hold, enabling ambitious immigrants
to acquire major landholdings.

The whole coast of the study area was populated by native Hawaiians when the first
westerner, explorer Captain James Cook, sailed through Kaua‘i waters to land in Waimea
in 1778 (McMahon 2007). At that time Hawaiians distributed their settlements and shared
land and resources through a system of land divisions known as ahupua‘a. Boundaries of
ahupua‘a were delineated to maximize occupants’ access to a range of natural resources
needed for sustenance—from nearshore reefs to upland forests.

Scholars say Polynesians seafarers in canoes discovered Hawai‘i over a millennium ago,
possibly as early as 300 AD. Cultural resources in the study area tell the story of Hawai‘i’s
subsequent transformation by human settlement—from the first Polynesian settlers, to the
wave of later immigrants who launched the ranching and plantation era, to the mixed
communities and modern agriculture and tourism operations in place today.

4.6 Cultural Resources

Because of the limited permeability of lavas in the study area, few freshwater springs
discharge into the ocean. In the permeable limestone dunes along the coast, the basal water
is brackish.

aquifers. Large amounts of fresh water perch in the Kǀloa volcanics atop denser layers of
soil, ash or lava. Fresh basal groundwater occurs in the basalt lavas that comprise most of
HƗ‘upu ridge, and scattered springs emerge around the base of the mountain range. County
of Kaua‘i and major landowners, including Grove Farm, collect and distribute fresh water
from area streams and basal sources through ditches, wells, tunnels and reservoirs. Two
separate aquifers—Kǀloa and HanamƗ‘ulu—supply the water system in the study area.
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Makai of the HulƝ‘ia National Wildlife Refuge is Alekoko Fishpond, a native Hawaiian
aquaculture site that dates to approximately 1200 AD. Alekoko—sometimes known as

Alekoko Fishpond

Archeologists have documented an entire lo‘i and ‘auwai (ditch) system on the valley
floor; agricultural terraces delineated by boulders in the valley’s western end; conical
depressions in rock that appear to be prehistoric native Hawaiian bait cups (for preparing
fish bait); and two lo‘i (taro paddy) complexes created within the last decade by FWS
lessees. In site investigations they also identified or recovered Hawaiian artifacts including
basalt flakes and a polished basalt scraper. Researchers recommend studies of exposed soil
profiles if excavation is undertaken as part of future wetland restoration at the HulƝ‘ia
National Wildlife Refuge.

With the changes in land use laws and demographics in the mid-19th century, however, taro
patches soon became “a rarity among the profusion of rice fields.” Westerners purchased
large agricultural acreages, and Grove Farm—still a major landowner in the study area
today—began cultivating sugar in HulƝ‘ia valley. (FWS 2005)

In the drier portions of the valley, people grew ‘ulu (breadfruit), wauke (mulberry, for
making tapa cloth),‘awa (for ceremonial drink), and other crops. In wetter areas near
streams, they shaped lo‘i (irrigated pond fields) for cultivating the staple kalo (taro).
Records indicate that by the early 1800s, and probably well before, the valley hosted a
healthy agricultural community with native Hawaiian homes, fields, and at least 113
separate taro lo‘i. (FWS 2005)

HulƝ‘ia Valley—the land designated today as HulƝ‘ia National Wildlife Refuge—was
natural breadbasket for early Hawaiians on Kaua‘i. Rich in the resources that sustained
native settlers, its lands formed the lowland junction of three ahupua‘a: KƯpǌ, Niumalu,
and Haiku.

HulƝ‘ia Valley

According to the state’s archeologist, basic sites in the region are known and some burial
reinterments have occurred, but generally speaking, researchers have not done extensive
fieldwork in the study area (McMahon 2007). Notable documented cultural resources
which are rooted in the period of native Hawaiian settlement and expansion—and which
remain visible today—are described below.

The lands examined in this reconnaissance study encompass portions of five different
traditional Hawaiian ahupua‘a: Haiku, KƯpǌ , Niumalu, KƯpǌ Kai, and MƗhƗ‘ulepǌ.
Changes in these ahupua‘a as a result of modern agriculture, ranching or natural events
buried many sites and features from the period of native Hawaiian settlement and
expansion. Most which remain are on private land, where archeological investigation is
likely to occur only if the owner seeks development permits.

4.6.1 Hawaiian Settlement and Expansion

HulƝ‘ia Stream and Alekoko Fishpond

By the end of the 18th century, more than 300 fishponds were conspicuously
owned by the high chiefs. Accessibility to these ponds and their products
was limited to the elite minority of the native population—the chiefs and
priests. Ownership of one or more fishponds was one of the ultimate, highstatus symbols in the status-conscious Hawaiian culture…

The success of Hawai‘i ponds made them a treasured resource for Hawai‘i’s royalty:
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Some ponds were simply natural enclosures, but most were constructed laboriously from
rocks. A unique feature of many Hawai‘i ponds was the mƗkƗhƗ, or sluice grate, which
improved the pond from a tide-dependent fishtrap into an aquatic arena that could be
controlled, regardless of tide, to manage movement of fish between the pond and adjacent
stream or ocean waters.

While aquaculture existed in other island cultures, prehistoric Hawai‘i’s aquaculture
endeavors were far more extensive and innovative than elsewhere in the Pacific. In
hundreds of ponds throughout the islands Hawaiians raised and harvested fish—mainly
awa (milkfish) and ‘anae (mullet)—and other products. Though usually ponds were built
along the ocean shoreline, in some places they were located inland to take advantage of
stream waters. Of the 65 fishponds known on Kaua’i, at least nine were located on HulƝ‘ia
Stream (Cockett 2001). Inland freshwater ponds were known as loko wai.

Menehune Fishpond— is listed on the National Register of Historic Places and widely
recognized as one of the most important cultural features on Kaua‘i.
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They have identified consistencies between local oral traditions dating back to the 1300s
and data retrieved from the cave’s hidden layers. In sediments from the historic period over
the last two centuries, their finds show consistency not only with oral accounts, but also
with historic maps, drawings, photographs, and Land Court Award records (Burney and
Kikuchi 2006).

Due to its neutral pH environment, Makauwahi’s fossil and artifact finds are exceptionally
well preserved. Its sinkhole walls surround an ordered column of sediment layers that tell a
nearly unbroken tale of conditions on Kaua‘i, from before the arrival of people through the
changes wrought by a millennium of human activity. Researchers are piecing together new
and detailed views of Kaua‘i’s past based on analysis of the cave’s sediments, combined
with oral and archival sources.

Makauwahi cave and sinkhole, discussed in section 4.1 for its paleoecological importance,
is equally important for the light it sheds on Hawai‘i’s human story. According to scientists
working at the site, it contains “in a single stratigraphic sequence an encapsulated view of
the full span of human occupation, including the millennia preceding human arrival,
earliest human evidence, subsequent population increase and cultural change, European
contact, and modern transformation” (Burney and Kikuchi 2006).

Makauwahi Cave and Sinkhole

Since the NPS study, mangrove has overgrown and interpenetrated the fishpond walls,
posing an increased challenge for restoration. Study authors noted in 1975 that the extent of
mangrove invasion strongly affects a pond’s potential, since “mangrove removal may
involve cranes and underwater sawing. In removing mangrove roots grown into man-made
pond walls, the walls would have to be wrecked and rebuilt.” Recently more sophisticated
mangrove-removal machinery has become available, however. Opinions of experts we
spoke with vary widely as to whether restoration of Alekoko is feasible.

A statewide study of Hawaiian fishponds for NPS in 1975 identified remnant Hawaiian
fishponds “worthy of preservation as part of the cultural heritage of the State of Hawai‘i
and the United States of America.” Highest value was given to ponds “judged to have
deviated least from their conditions when in operation.” The study authors rated Alekoko
fifth out of 56 extant royal Hawaiian fishponds for its potential restorability. The state’s
aquatic resources biologist on Kaua‘i says the pond could serve as a research site and be
restored as “an incredible teaching and demonstration resource for Hawaiian aquaculture.”

Alekoko is a royal fishpond of the loko wai type. It is the largest manmade inland fishpond
in the state (McMahon 2007), and was built using cut stones, a technique rarely employed
by ancient Hawaiians. Its extensive rock wall embankments remain, hidden by mangrove,
and the mƗkƗhƗ openings still exist. Although listed on the National Register, the pond has
not been fully studied; it is privately owned and access is restricted to viewing from a
nearby state-owned overlook. Alekoko is not used today for fish production: water
diversion upstream and breakwater jetties downstream altered the rate of flow, and
sediments have increased the water turbidity.

tools such as files, picks, scrapers, and adzes
fishing gear including hooks, octopus lures, and stone weights
game stones, sling stones, and hammerstones
gourds and a wide range of food remnants
fiber cordage
wooden fragments of canoes, paddles and tool handles
a stone stool and evidence of a platform
ornaments, including drilled shells and a drilled, polished basalt mirror pendant.

“If a time arises when the ‘Ɨina is threatened, we, as Hawaiians, will be
there, not by choice, but by our deep aloha to protect our fellow family

In Hawaiian culture, a “sacred familial union” joins people to the land.
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A notable landmark in the study area, Mt. HƗ‘upu, is of special meaning to native
Hawaiians. In 1998, proposals to build a communications tower on HƗ‘upu Ridge
prompted the state’s Office of Hawaiian Affairs to document the cultural importance of Mt.
HƗ‘upu. In a 3-week period they collected information from elders, traditional religious
practitioners, teachers of hula and chant, and historians. Their results were summarized in a
written appeal to the Federal Communications Commission (OHA 1998) that successfully
stopped plans to erect the tower. Points they outlined in the appeal are noted and quoted
below.

Mt. HƗ‘upu

Archeological finds at Makauwahi cave and sinkhole to date are from only three
excavation pits; presumably many future discoveries remain hidden in the cave sediments.
Burney and Kikuchi (2006) note that the cave strata “provide an ongoing record of human
activity near the site [that] can be thought of as not just an ‘album of snapshots’ of past life,
but perhaps, in combination with the oral histories and early documents, maps, and pictures
… a sort of epic movie of human ecology stretching over a thousand years.”

Discoveries at Makauwahi lend weight to an ongoing discussion among scholars about the
ways in which Polynesian settlers may have significantly altered the landscape and native
biota of Hawai‘i, even prior to European arrival.

The increase in human artifacts through successive layers corresponds with a decrease in
native flora and fauna. Some species abruptly vanish when humans arrive, while others
gradually decline in size over the centuries and eventually disappear, especially after
European contact. In the 1800s and 1900s, as feral animals and agriculture strip nearby
land, the number of native plants and birds drops dramatically.

x
x
x
x
x
x
x
x

Bones of the Pacific rat, believed to have arrived in Hawai‘i with Polynesian voyagers, are
dated at 1039-1241 A.D. in the cave and provide the earliest evidence of people in its
immediate vicinity. Sediment layers above the first rat bones show an increasing
abundance and diversity of whole or partial human artifacts. Documented by Burney and
Kikuchi (2006), they include:
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HƗ‘upu Ridge is revered as a meeting place where the powerful fire-goddess Pele made
passionate love with the demi-god Kamapua‘a. The Kǀloa region south of the ridge was
controlled by Pele; its dry and rocky landscape reflects her harsh, impatient and dominant
personality. The lusher LƯhu‘e side of the ridge was home to the pig god Kamapua‘a, who
is associated with “taro, fertility and the creation of fertile springs necessary to sustain
life,” and who is known to excel as a lover. According to tradition,

HƗ‘upu is said to be named after a warrior demi-god who tore a large rock (pohaku) from
Kaua‘i and threw it across the channel to kill an enemy chief on O‘ahu, forming the islet
there known as Pohaku o Kaua‘i. HƗ‘upu in the Hawaiian language means a sudden
recollection; the mountain is known for its ability to jolt a memory, or alternatively, open a
view to the future. A small heiau atop Mt. HƗ‘upu is dedicated to Laka, the goddess of
hula, whose kinolau (embodied form) lives in the wild and sacred plants of the upland
forest that are used by hula practitioners. Both the heiau and the wooded area at HƗ‘upu’s
summit are known by the place name Keolewa, which appears in a variety of prayers,
chants and oral traditions. (OHA 1998)

“HƗ‘upu is our kin, descendant of Papa [Earth mother] and Wakea [Sky
father], and older sibling of the Hawaiian people. This is the main underlying
reason why we, as Hawaiians, hold HƗ‘upu sacred in our hearts.” (OHA 1998)

In this reality, HƗ‘upu ridge is a wahi kapu (sacred place).

member. No amount of Western influence, cultural assimilation, or
persuasion can sever this relationship between Hawaiians and the land, for
the land is our kin.” (OHA 1998)
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Quarry operations were already underway when the site was examined in 1974. The walls
and interior of the heiau were readily seen, but the unique tower formation, noted as
substantial by previous archeologists 40 years earlier, had been reduced to “a pile of lava,”
apparently as a result of quarry operations pushing against the heiau (Ching et al 1974).

This temple is only one of 4 major heiau, in good condition, which still exist
between Hanapepe and MƗhƗ‘ulepǌ (in fact, if one were to continue up the
east coast of the island of Kaua‘i the next comparable temple would be
those in and around the State Park at Wailua)…The large pahoehoe slabs
used in the construction of the south wall is unique as is the stone “tower”
near the corner of the south and west walls. Wai‘ǀpili is also the only
remaining temple in the ahupua‘a of MƗhƗ‘ulepǌ. (Ching et al 1974)

Wai‘ǀpili Heiau is located near Makauwahi cave, on the land leased from Grove Farm for a
sand quarry operation. In a 1974 surface survey archeologists recognized the heiau as
“undoubtedly the most important site” known at that time along the southeast Kaua‘i coast,
and rated it in the state’s “Valuable” category—i.e., significant sites in excellent condition
that are good examples of a feature type. They recommended the heiau be “stabilized
and/or restored” and described its unique qualities:

Wai‘ǀpili Heiau

Visible from as far as sixty miles at sea, Mt. HƗ‘upu was an important navigational
landmark for traditional Hawaiian fishermen in canoes. Hawaiian fishermen today use
modern navigation technology, but continue to look to the mountain as both a physical and
spiritual guide. (OHA 1998)

Hawaiian proverbs and poetical sayings reflect HƗ‘upu’s cultural importance. The phrase
HƗ‘upu mauna kilohana i ka la‘i (HƗ‘upu, a mountain outstanding in the calm) honors the
mountain itself, and is also a description for someone who achieves outstanding things.
Mary Kawena Pukui’s Olelo No Eau includes seven sayings centered on HƗ‘upu, a
relatively large number for a place that is not a habitation site. (OHA 1998)

Ku and Hina, the earliest Hawaiian god and goddess, reside on HƗ‘upu Ridge. They are
patron gods of fishermen and “the special protectors of all the generations of Hawaiians
whose ancestors came from Kahiki [Tahiti].” Ku and Hina also represent the male and
female procreative powers; their images, seen in rock formations atop the mountain, are a
focal point for Hawaiian cultural and religious practitioners. (OHA 1998)

“Pele and Kamapua‘a are believed to have been involved in a tumultuous love
affair with each other in the vicinity of HƗ‘upu and the topography of the area
is believed to have been shaped by the fury of their love-making…HƗ‘upu
Ridge is the dividing line between the two areas controlled by Pele and
Kamapua‘a and Hawaiian religious practitioners believe these gods continue
to dwell there. In times of drought, the fertile and lush domain of Kamapua‘a
is said to be inhabited by Pele, whereas in times of heavy rains the dry and
arid domain of Pele is said to be inhabited by Kamapua‘a. It is at these times
that their love affairs are believed to continue.” (OHA 1998)
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Known petroglyphs in the study area occur on MƗhƗ‘ulepǌ beach; on privately-owned
coastal lands between HƗ’ula and NƗwiliwili Bay; and on Grove Farm agricultural lands in
MƗhƗ‘ulepǌ valley.

Petroglyphs

Some 19th century Hawaiians told questioners that the dunes were simply easy places to
accomplish common burials. Others said the burials were the result of a great battle in
which Kaua‘i warriors defeated invading forces. One version placed the battle in the 13th
century; the best-known versions—still popular today—describe it as a 1796 battle in
which the warriors of Kaua‘i’s chief, Kamuali‘i, defeated Kamehameha’s warriors from
O‘ahu (Ching 1974). To date, none of these battle legends have been confirmed
archeologically (McMahon 2007).

Over this whole extent of sand beaches and hills, human bones are thickly
scattered….Ten years ago they were much more numerous than now. The
wind is constantly uncovering the skeletons, and when exposed, they are
quickly destroyed by the weather and the feet of cattle…[Formerly] it was
easy to find perfect skeletons in the exact position in which they were buried.
This is now impossible and even perfect crania are becoming more scarce
with every year. In olden times the natives often made use of the soft sand
beaches for sepulture, but the immense number that is buried here forbids the
idea that it was any common burying place. The present generation of natives
know nothing definite on the subject. (Ching et al 1974, citing Wyman 1868)

Little is definitively known about the numerous dune burials. From the early to late 1800s,
written accounts refer to great numbers of bones visible in the dunes of PƗ‘Ɨ and
MƗhƗ‘ulepǌ. In 1867, entrepreneur Sanford Dole wrote a letter describing the scene:

The coastal sand dunes of the study area are all known to contain Hawaiian burials.
‘Ɩweoweo, a tall dune north of HƗ‘ula, is reported to be the longest, largest burial dune in
the Pacific. Excavation and grading for the Hyatt hotel, adjacent to the study area,
uncovered human remains in the Makawehi dunes. Burials occasionally erode out of other
coastal dunes in the study area, and some have been found in study area caves. Newly
discovered burials are protected and reinterred through protocols established by the local
Native Hawaiian Burial Council.

Burials

Several local sources told NPS that the quarry operator is preparing to close the current site
in the near future and move operations to a second permitted site above HƗ’ula Bay.
According to the state’s archeologist on Kaua‘i, quarry permit conditions require the
operator to revegetate the existing site and restore Wai‘ǀpili Heiau upon shifting locations.

Twenty years later conditions had worsened: a 1992 state study noted commented that the
heiau was “sitting directly underneath the rock crusher” (OSP 1992). Archeologists and
residents who have visited the quarry recently say the heiau is difficult to see but appears to
have been further degraded.

Petroglyphs on rock ledges underlying MƗhƗ‘ulepǌ beach are occasionally exposed by high tide and waves.
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Through ship’s logs and drawings, historians know that Kaua‘i’s southeast coast was well
populated by Hawaiians when Captain Cook arrived in 1778. Unfortunately, the village
complexes he saw did not survive the two centuries of social and physical upheaval that

Other Archeological features

Inland, in the upper reaches of MƗhƗ‘ulepǌ Valley, is a mystifying petroglyph boulder
measuring nearly 4 meters across. It features approximately twenty carved figures, and on
its top are two cup-like carved holes; the larger of the two is 4” deep and 1 ft in diameter,
and is connected to the edge of the boulder by a shallow carved groove. Researchers have
speculated on the meaning and purpose of this configuration—some think it may symbolize
or even map a stream and/or spring, and others suggest that it might have served a
sacrificial purpose. The actual function and meaning are entirely unknown. (Ching et al
1974; McMahon 2007; KCC 1973)

At MƗhƗ‘ulepǌ beach and at Keoneloa Bay just outside the study area, dozens of
petroglyphs and carvings decorate expanses of rock that are usually buried deep in sand,
but occasionally exposed by high tides and waves. The markings range up to six feet in
length and show historic influences mixed with ancient designs (Clark 1990). Their origin
is unknown. In the late 1800s, elders from the area reported the petroglyphs had “always”
been there (Ching et al 1974). Rocks in the shallow water at MƗhƗ‘ulepǌ Beach exhibit
grooves made by the sharpening of adzes. Underwater archeology may reveal additional
features of interest.
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…It required but little address to get them to come along side, but we could
not prevail upon any one to come on board; they exchanged a few fish they
had in the Canoes for any thing we offered them, but valued nails, or iron
above every other thing; they only weapons they had were a few stones in

This fateful meeting marked the first economic encounter between two vastly different
cultures. A brief flurry of trade between the Hawaiians in canoes and the Westerners in
ships marked the first exchange in the series of economic transactions that would
eventually transform Hawai‘i’s people, laws, and landscape:

January 19, 1778…I stood for the East end of the second island [Kaua‘i]
…the nearest part about two leagues distant. At this time we were in some
doubt whether or not the land was inhabited, this doubt was soon cleared up,
by seeing some canoes coming off from shore towards the Ships, I
immediately brought about to give them time to come up, there were three
and four men in each and we were agreeably surprised to find them of the
same nation as the people of Otahiete [Tahiti] and the other islands we had
lately visited…

The ocean off MƗhƗ‘ulepǌ was the location of the first documented contact between native
Hawaiians and people of the Western world on January 19, 1778. Captain James Cook
recorded the rendezvous in his diary (as cited in MM 2004):

4.6.2 First Western Contact

Some of these have been documented and a few were viewed by NPS staff during the site
visit, but overall the documentation to date has not been thorough. Given the habitation
dates revealed at Makauwahi Cave, and the known existence of coastal villages in the study
area through the 18th century, a more thorough survey and excavation would likely yield
new finds and insights.

On private properties in the north end of the study area a range of sites and features are
reported to exist. These include burials, village and house sites, heiau, rock walls, middens,
agricultural terraces, taro lo‘i, a clay-mining cave, and a fishpond site. Hunters tell of a
place in Niumalu that is said to be the house and burial site of a princess from the island of
Hawai‘i.

Surface sites and features that do remain are mostly scattered and isolated. They include
shelter caves, remnants of rock walls and house sites. Three heiau are preserved on the
Hyatt hotel property abutting the south end of the study area. An 1896 map by Monsarratt
shows house lots and salt ponds near Wai‘ǀpili Stream and Kapunakea Pond, but evidence
of these has been destroyed or obscured, and even the stream and pond have been
drastically altered by agricultural operations.

followed. An archeological surface survey in coastal portions of MƗhƗ‘ulepǌ in 1974 noted
“…many of the sites within the study area were destroyed, otherwise obliterated, or in an
advanced stage of deterioration…a reflection of the changing land use patterns of the
region” (Ching et al 1974).
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The histories of these properties illustrate Hawai‘i’s transformation since the early 1800s—
the troubled transition to a Western-style land ownership system; the acquisition of vast
acreages by American missionary families; the diversion of water to support commercial
sugar crops; the tide of imported laborers needed to maintain production; and the mid-20th
century decline of plantation life as laborers left the fields for other work opportunities.

KƯpǌ Ranch and Grove Farm—two agricultural entities that shaped Hawai‘i’s historic
plantation and ranching era—still manage active operations on lands within the study area,
with some historic facilities remaining in use. At KƯpǌ Kai, cattle operations ended just two
years ago.

Scattered physical remnants of plantation life are visible in and around the study area.
Kǀloa Plantation—the 19th century owner of MƗhƗ‘ulepǌ lands that now belong to Grove
Farm—gave birth to Hawai‘i’s commercial sugar industry. Remnants of the company’s
first mill are in nearby Kǀloa town, and a second mill constructed in 1912 stands on Grove
Farm property just outside MƗhƗ‘ulepǌ Valley.

4.6.3 Plantation and Ranching Era

The first drawing of Hawai‘i by a European is William Ellis’ depiction of the MƗhƗ‘ulepǌ
Coast, with Mt. HƗ‘upu as its focal point (Ainakumuwai 2001).

…The land on this side of the island rises in a gentle slope from the sea
shore to the foot of the Mountains that are in the middle of the island, except
in one place, near the East end where they rise directly from the sea; here
they seemed to be formed of nothing but stone which lay in horizontal
stratus.

Lack of a good anchorage led Cook to proceed around the island to Waimea, but as he
skirted Kaua‘i’s southeast coast, he described the view across Kǀloa and MƗhƗ‘ulepǌ to the
HƗ‘upu Ridge, with its steep stratified basalt headlands at KƯpǌ Kai and Niumalu:

some of the Canoes and these they threw overboard when they found they
were not wanted.
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Grove Farm allows daytime vehicle access through its property to a rutted road that
parallels the MƗhƗ‘ulepǌ coast from Punahoa Point to HƗ’ula Bay. Punahoa Point is a
popular place to fish for ulua, pƗpio, and ‘ǀ‘io; pipes for holding poles are permanently
anchored into the rock here and at other high points along the shoreline. MƗhƗ‘ulepǌ Beach
is favored for windsurfing and kite surfing, and its long white stretch of sand appeals to
sunbathers and walkers. KƗmala Point Beach, Kawailoa Bay and HƗ‘ula Beach are all

The study area shoreline is accessible at its south end via a footpath leading from Keoneloa
Bay and the Hyatt hotel along the Makawehi/PƗ‘Ɨ dunes. Businesses and community
groups jointly prepared an interpretive guide for this trail and sponsor occasional guided
walks from the hotel to Punahoa Point.

The MƗhƗ‘ulepǌ and KƯpǌ Kai shorelines have long served as secluded recreation places
for local residents. Lately a growing tourist presence has added to the mix; over one-third
of the petition-signers in a community initiative to protect MƗhƗ‘ulepǌ’s shoreline
resources identified themselves as visitors to the island (MM 2007).

Shoreline

Despite the study area’s location between the population centers of LƯhu‘e and Po‘ipǌ, no
public lands within it are managed for recreation purposes. However, residents and tourists
enjoy both informal and commercial recreation along the study area shoreline, in the
adjacent ocean, on HulƝ‘ia Stream, and on some of the privately-owned lands. Community
uses include traditional cultural activities such as fishing, hunting and gathering.

4.7 Recreation and Community Use

In their current state, both KƯpǌ Ranch and Grove Farm offer windows into Hawai‘i’s past.
Interestingly, both are invested in business strategies that highlight that past. Kipu Ranch
offers ecotours emphasizing the ranch’s history, while Grove Farm plans interpretive
features focused on local agriculture.

Grove Farm stopped actively cultivating sugar in the 1970s. A lessee grew sugar on
Grove’s Koloa lands for twenty more years—1996 marked their final harvest and the
closure of the historic Koloa Mill just outside MƗhƗ‘ulepǌ Valley (Yamanaka 2000). Over
the last two decades, Grove Farm engaged in extensive real estate development outside the
study area, but its MƗhƗ‘ulepǌ valley land remained in crops and pasture.

Kipu Ranch abandoned sugar in 1942 and narrowed its focus to cattle ranching. The Rice
family, owner of the land since 1872, continues cattle operations today. In recent years the
ranch trimmed staff, replaced horses with ATVs, launched an ecotour operation, and served
as a location for Hollywood movies. (Yamanaka and Rice 1998)

They stop just short of the modern chapter in the story—the wave of subdivision and
development that has recently broken up many of the state’s vast and historic agricultural
holdings.
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The study area coast lacks well-sheltered harbors and is exposed to strong waves, currents
and tradewinds, so boat-based ocean uses are often limited by rough sea conditions. During
calm periods, however, small vessels from nearby NƗwiliwili Bay or Kukui‘ula Bay (west
of Po’ipǌ) fish offshore. Charter boats and commercial kayak, dive, snorkeling and
sightseeing craft skirt the study area shoreline and enter coves along the way when
conditions allow, particularly in winter when high surf precludes tours along the NƗ Pali
coast. Ocean-based tours to KƯpǌ Kai—where public access by land is not allowed—are
increasingly popular.

Most of the public recreation at KƯpǌ Kai occurs at Long Beach, which is suitable for
swimming, snorkeling, bodysurfing, bodyboarding, surfing, fishing, and beachcombing. A
small cove in the arc of Mǀlehu Point at the north end of Long Beach is a popular snorkel
site for tour boats. By agreement between commercial boat operators and KƯpǌ Kai
landowners, onshore tour activities are confined to the adjacent beach area, below the high
tide line (Clark 1990). On the smaller and rockier beaches beyond Long Beach, residents
often arrive by boat to harvest edible algae (e.g. limu kohu) and capture shallow reef fish
and octopus (he’e or tako).

KƯpǌ Kai encompasses five separately named beach areas, but these are not accessible to
the public by land, and foot travel is allowed only below the high tide line. The single road
that leads over the ridges of the Ha’upu Range into KƯpǌ Kai is private property and
blocked by gates. Most visitors arrive by boat or kayak.

The entire four-mile stretch from Makawehi Point to HƗ’ula offers a scenic hike in a
wilderness atmosphere with no visible development except a single house at MƗhƗ‘ulepǌ
Beach. A narrow and rutted dirt road reaches most of the way to HƗ‘ula; at favored spots it
can be packed with vehicles on weekends and holidays, when local families converge for
daytime and overnight fishing, spearfishing and camping.

The MƗhƗ‘ulepǌ coast offers varied and readily accessible recreation opportunities in a wilderness type atmosphere.

popular swimming spots. A commercial stable just inland of Punahoa Point provides
horseback riding tours along the shoreline.
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Kaua‘i’s endangered arthropods in the study area are especially vulnerable to impacts from
quarrying and other activity on the marginal agricultural soils overlying their cave habitats.
Grading, fill, and excavation result in disturbance, compaction or blockage of the
subterranean cracks where these species find refuge during drought. Blocked areas break
up the cave system into separate areas, isolating the already small populations and
increasing their risk of extinction.

An active sand quarry excavation operates adjacent to Makauwahi cave and sinkhole—so
close that one small cave opening in the west sinkhole wall rises diagonally only about 50
feet before it ends in a surface collapse at the edge of the quarry (Burney and Kikuchi
2006). Heavy equipment in use at the quarry can sometimes be felt within the cave
environment, causing fear of potential rockfall or collapse. A heiau on the quarry site has
already suffered significant damage. A future quarry site farther north at ‘Ɩweoweo may
potentially impact dune burials.

Changing land uses and activities pose current and potential threats to important natural
and cultural resources within the study area.

Human Land Use and Activities

4.8 Resource Threats

HƗ‘upu Ridge was formerly a popular hunting area accessible to the public. Due to
growing vandalism, poaching, and risk of fire on the ridge and adjacent land, owners now
allow access only by permission.

HƗ‘upu Ridge

KƯpǌ Ranch is also the site of commercial ATV tours. Sponsors tout the varied terrain
through forests and along HulƝ‘ia Stream; opportunities to learn about Hawaiian culture;
stops at Hollywood movie locations; encounters with cattle, wild pigs, and game birds; and
spectacular “ocean, mountain and jungle” views, including a look at the private and
inaccessible valley of KƯpǌ Kai.

The waters of HulƝ‘ia Stream are a peaceful kayaking spot for local residents and
independent tourists. Local outfitters also offer guided kayak tours along two miles of the
sheltered HulƝ‘ia waterway, through scenic forests that are often used as film locations for
adventure movies. Paddlers glide past Alekoko Fishpond and through the HulƝ‘ia National
Wildlife Refuge, then hike through the forest to waterfalls and swimming holes. One kayak
tour operator, by agreement with the landowner, leads hikes into KƯpǌ Ranch that feature a
covered wagon tour, a treehouse picnic, and a zipline ride across a waterfall.

HulƝ‘ia Stream and KƯpǌ Ranch
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At Alekoko Fishpond, red mangrove completely covers the pond’s rock walls. Study area
coastal lands are invaded by ironwood, Christmas berry, koa haole, kiawe, false kamani
and prickly pear. At KƯpǌ Kai, NPS staff noted one small patch of a Canavalia, or beach
pea; fruit or flowers are needed to confirm the identification. This species was not recorded
from Kaua’i in the Manual of the Flowering Plants of Hawai’i (Wagner et al. 1990), and
thus has likely been introduced in the past decade (L. Pratt, pers. comm.).

Non-native species dominate parts of the study area, and threaten or encroach on
significant resources on the shoreline, at HulƝ‘ia, and on HƗ‘upu ridge. Once established,
some of these aliens are difficult to remove.

Invasive Alien Plant Species

Despite current owner intentions to keep lands in agriculture, without permanent legal
protection, their redesignation and development remain possible. Such development would
destroy the scenic integrity of the study area, exacerbate competition for shoreline use, and
potentially cause unacceptable impacts on adjacent natural areas.

A potential threat to resources is future development on the private lands that are now
designated for agriculture, and that are intertwined with important natural and cultural
elements in the study area. Past proposals by Grove Farm, for example, included luxury
resorts, large home sites, businesses, and a marina along the MƗhƗ‘ulepǌ coast. KƯpǌ Ranch
lands hold obvious value for potential development. A 2004 sales brochure for the
Campion property at Niumalu suggests the buyer could apply to “change zoning for a
commercial type development” and notes that “when this application was approved
obviously the value would multiply.”

Recreational use of the study area shoreline is growing in tandem with Kaua‘i’s resident
and visitor populations. Along the accessible MƗhƗ‘ulepǌ coast, user conflicts are common;
and at relatively inaccessible KƯpǌ Kai, trustees express concerns about the increasing
arrivals by boat. Neither site is currently managed to assess and monitor coastal-marine
resources or actively manage use. Without active management, shoreline cultural and
natural assets run the risk of damage from overuse before they have even been well studied.
If activities get out of hand at MƗhƗ‘ulepǌ, Grove Farm could choose to block access
through its property, effectively limiting public use of an important recreational resource.

Endangered birds rely on a mix of natural and manmade resources in the study area that are
readily subject to change. At KƯpǌ Kai—the release site for a small population of nƝnƝ that
grew and catalyzed resurgence of nƝne on Kaua‘i—the mowed and grazed grassy areas
favored by nƝne have been substantially reduced since the cessation of cattle operations in
the valley. On HƗ‘upu ridge, pig predation and fire risk are ongoing threats to the Newell’s
shearwater nesting habitat. Potential development in the shearwater’s land-sea flight path
also poses a threat if it results in increased lighting, which disorients and downs birds in
transit.
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Of particular positive note, Kaua’i is the largest island in the state that appears free of the
mongoose, a voracious eater of bird eggs and chicks. Likely in part because of its absence,
Kaua’i remains the stronghold of the threatened Newell’s ahearwater (‘a’o) and is home of
a growing nƝnƝ population, especially in and around the study area. Isolated individual
mongoose sightings have been reported on the island; an established mongoose population
would be a serious threat to the study area and all of Kaua‘i.

Non-native predatory birds in the study area include the barn owl, which has been recorded
preying on both Newell’s shearwaters (Ainley et al. 1997) and Hawaiian stilts; and the
cattle egret, which may take young of endemic waterbirds (USFWS 2005) and compete
with native waterbirds for food (Hawaii Audubon Society 2005).

Rats pose a special threat in the forests of HƗ‘upu, where they can wreak havoc on small
and vulnerable populations of endemic plants by eating precious seeds. Rats are a persistent
pest in agricultural areas and a threat to nesting birds.

Dogs, both domestic and feral, threaten populations of native seabirds on the study area
coast. Dogs are blamed for killing remnant or nascent Wedge-tailed Shearwater colonies
along the coast (Kaiakapu 2007, Blaich 2007). Dogs have killed nesting albatrosses and
nƝnƝ elsewhere and threaten all ground-nesting birds. Feral dog removal and domestic dog
control are sensitive social issues—ones that demand attention if native species in the study
area are to be protected.

Ungulate disturbance destroys native vegetation, increases erosion, and provides fertile
ground for invasive species. Throughout Hawai‘i, feral ungulates are ravaging native
ecosystems. The study area is no exception. Ungulate control on HƗ‘upu ridge is a critical
need.

Pigs and goats seriously threaten native habitat in the study area. After Grove Farm ceased
sugar operations and began leasing out crop and pasture at MƗhƗ‘ulepǌ, they closed
hunters’ access to HƗ‘upu ridge through their property. Habitat degradation and destruction
by feral pigs, always a problem, has since grown unchecked. Large numbers of feral goats
also clamber across the slopes of the HƗ‘upu range. During the reconnaissance survey site
visit, NPS staff counted 89 goats on the ridge between KƯpǌ Kai and Niumalu.

Grazers and Predators

A species list of introduced plant and animal threats identified during the reconnaissance
survey appears in Appendix 6.3.

Albizia, guinea grass and java plum are major invasives on parts of HƗ‘upu Ridge. Nonnatives such as rose myrtle, passion flower, cat’s claw, and thimbleberry have also gained a
foothold; some of these are able to spread quickly through the forest understory, competing
for habitat with HƗ‘upu’s rare native species (Wood 2005). In the absence of active
management, alien invasives can eventually destroy native plant communities within the
study area.
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In 1992, Hawai‘i ’s Office of State Planning conducted a land use review that recognized
MƗhƗ‘ulepǌ’s “combination of outstanding coastal recreational areas, native coastal strand

Several state planning documents related to tourism, recreation, and historic trails
emphasize the importance of recreational access and resource protection along this coast,
especially in light of increasing public use (OSP 1992). These documents establish ideals
and goals that are not reflected in enforceable policy. They do not necessarily result in
actual resource protection or maintenance of existing public access.

Federal Critical Habitat designations along the MƗhƗ‘ulepǌ shoreline and portions of
HƗ‘upu ridge provide minimal protection. A Critical Habitat designation does not affect
situations where a federal agency is not involved—for example, a landowner project on
private land that involves no federal funding or permit. Similarly, Alekoko Fishpond’s
listing on the National Register of Historic Places only modestly assists in its protection:
under federal law, private property owners can do anything they wish with their National
Register-listed property provided that no federal license, permit, or funding is involved.

Besides the National Wildlife Refuge designation at HulƝ‘ia, the strongest existing resource
protection mechanism applied in the study area is state designation of Conservation lands
along the shoreline corridor and much of HƗ‘upu ridge (See Regional Land Use Map).
Most of these lands fall into the state’s two strongest Conservation subzones, which place
strong limits on use, and which require state permits for most uses (DLNR 2005b).

4.9 Resource Protections

Located far from the Hawai‘i magmatic hot spot, the study area is not at direct risk from
volcanic or seismic events. However, potential tsunami hazard intensity is considered high
along the MƗhƗ‘ulepǌ coast between Punahoa Point and HƗ‘upu Bay, and at Long Beach in
KƯpǌ Kai. These moderately sloped areas are also vulnerable to coastal stream flooding
from seasonal rainfall (KC 2003).

The entire study area shoreline is highly vulnerable to storms and hurricanes. Long-term
coastal erosion hazard is high at MƗhƗ‘ulepǌ Beach and moderately high at Kawailoa Bay,
HƗ‘ula, KƯpǌ Kai beaches, and the southern portion of Niumalu. (KC 2003)

Environmental events such as hurricanes, fires, tsunamis and landslides are potential study
area threats that can not only wreak direct havoc, but also set into motion long-term
landscape changes—such as erosion and alien plant invasion—that gradually degrade and
destroy native habitats. State officials report that two hurricanes in recent decades damaged
Newell’s Shearwater habitat on HƗ‘upu ridge, and allowed invasives to spread across
newly-eroded slopes. KƯpǌ Kai representatives say the mountainsides above their valley
were lushly vegetated before the hurricanes. By the time of the NPS site visit, the slopes
were bare and roamed by goats, and a small recent landslide was apparent on the upper part
of the access road.

Environmental Events
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Kaua‘i County’s Open Space Commission, an advisory group that gathers public input and
recommends priorities for allocation of the county’s Open Space Fund, names MƗhƗ‘ulepǌ
as one of the island’s ten “Priority Sites for Acquisition.” Since little money is allocated to
the fund—coffers amounted to $1.2 million at the beginning of 2007—actual acquisition in
the near future via this funding source appears unlikely. (KC 2006)

In 2001 the Kaua‘i County Council approved a resolution to work with the state to preserve
the entire MƗhƗ‘ulepǌ ahupua‘a (Sommer 2001a), and the State Legislature passed a
concurrent resolution saying “This body supports a collaborative planning effort to explore
options that would make it possible to preserve the irreplaceable natural and cultural
resources of MƗhƗ‘ulepǌ, and to sustain the special experience of this place” (HI 2001).
Hawai‘i’s Governor declared his intent to add MƗhƗ‘ulepǌ to an envisioned statewide
“string of pearls”, made up of wilderness parks with minimal infrastructure and no
commercial activity (TenBruggencate 2001). The Governor met with Grove Farm owners,
but could not strike a satisfactory deal to acquire the land.

…This area needs a community-based planning effort that engages the
landowner and local community interests, drawing upon the County
government, the State DLNR, and various professional experts, as needed.
Options for the area include some development in exchange for a park
and/or preservation areas; or purchase of the land for a State park.

Involve the community in planning for the future of MƗhƗ‘ulepǌ. Planning
should take into consideration various interests and factors, including but
not limited to: the long-term need for managing MƗhƗ‘ulepǌ lands to
preserve their significant natural and cultural features; the owner’s desire to
develop revenue-producing uses in a way that is sensitive to the area’s
unique qualities; the need to secure permanent public access to the
shoreline; and the potential to create a coastal park.

General Plan policy statements in Section 6.4, HanamƗ‘ulu-Po‘ipǌ, promote a communitybased approach to protecting MƗhƗ‘ulepǌ resources:

The 2000 update of the Kaua‘i County General Plan—a direction-setting policy document
that precedes and guides zoning regulations—discusses important resources in the study
area (KC 2000). In Section 6.3, LƯhu‘e, it notes the value of the HƗ‘upu mountains,
Alekoko Fishpond, HulƝ‘ia, KƯpǌ Kai, and the Niumalu coastline; establishes policy to
ensure that future urban development on bluffs above the fishpond is placed out of sight
from the fishpond overlook; and envisions a future in which HulƝ‘ia Stream and valley are
well-managed, and the scenic qualities of HƗ‘upu ridge are preserved.

vegetation and significant physiographic, archaeologic and scenic resources.” Anticipating
future development pressure, it said “measures will need to be taken to assure that the
sensitive resources here will be protected.” Suggested ways to achieve that protection
included transfer of development rights and purchase of easements (OSP 1992).
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x The only known living examples of two endangered arthropods—the Kaua‘i cave
wolf spider and the Kaua‘i cave amphipod —cling to life in the confines of caves on
the MƗhƗ‘ulepǌ coast.

Habitats of the study area provide critical refuge for endemic Hawaiian plant and animal
species whose survival is in jeopardy.

The volcanic vents of the Kǀloa plain, ancient layered basalts of HƗ‘upu Ridge, and dunes
of MƗhƗ‘ulepǌ are manifestations of geologic processes dating from the birth of the high
Hawaiian islands to the present—an observable age range available only on Kaua‘i, the
state’s geologically oldest high island.

The lithified dune system of the MƗhƗ‘ulepǌ coast is a rare remnant of a landscape type
that has almost vanished in Hawai‘i due to human settlement and development. Its visible
layers reveal the story of global sea level changes—and accompanying changes in
landscape—over the last 300,000 years. The dunes and Makauwahi cave harbor an
abundance of rare and extinct plant and animal fossils including 45 species of extinct birds.
Sediment layers sealed within Makauwahi sinkhole afford a unique sequential look at
Hawai‘i biota over a span of 10,000 years. MƗhƗ‘ulepǌ dunes and underlying caves,
especially Makauwahi, have been the site of significant natural resource discoveries over
the last two decades, and are the ongoing focus of international scientific interest.

Within the MƗhƗ‘ulepǌ reconnaissance survey study area, the resources of the
MƗhƗ‘ulepǌ coast, Makauwahi Cave, KƯpǌ Kai, HƗ‘upu range, and HulƝ‘ia Stream are
deemed nationally significant. These areas encompass unique geologic landforms and
fossils, rare species and habitats, and storied sites important to native Hawaiian and
United States history. Together they comprise a relatively unspoiled landscape that
affords exceptional opportunities for interpretation, enjoyment and study.

A natural or cultural resource is considered nationally significant if it is an
outstanding example of a particular type of resource; possesses exceptional
value or quality illustrating or interpreting the natural or cultural themes of
our nation’s heritage; offers superlative opportunities public enjoyment or
scientific study; and retains a high degree of integrity as a true, accurate,
and relatively unspoiled example of the resource.

5.1.1 Significance

Based on the reconnaissance survey site visit, research and consultations in 2007, the NPS
Pacific West Region Honolulu Office provides the following preliminary evaluations of the
national significance of the study area resources, and the suitability and feasibility of
helping to protect them within the framework of the national park system.

5.1 Preliminary Evaluations Based on NPS Criteria

5 CONCLUSIONS OF THE STUDY
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Makauwahi cave’s uniquely well-preserved fossils and artifacts tell a nearly continuous
tale of Hawai‘i people on the land over the last millennium. Remnants of tools, ornaments,

Nationally significant cultural resources within the study area are Mt. HƗ‘upu, Makauwahi
Cave, and Alekoko Fishpond; other sites may prove significant upon further investigation.
Mt. HƗ‘upu is a revered wahi kapu, or sacred place, within native Hawaiian culture. Ku and
Hina—the earliest Hawaiian god and goddess, the patron gods of fishermen, and the
embodiments of procreative power—reside on HƗ‘upu Ridge. A notable landmark and
navigation aid for seafarers, HƗ‘upu features in the first documented sighting of Hawai‘i by
a westerner, Captain James Cook. The first European drawing of Hawai‘i is of the
MƗhƗ‘ulepǌ Coast, with Mt. HƗ‘upu as its focal point.

Dramatic topography and unusual contrasts in form create a study area landscape with
outstanding scenic qualities. Mt. HƗ‘upu and its arms rise majestically out of the Kǀloa
plain, a green beacon visible from all directions. Along the MƗhƗ‘ulepǌ shoreline, the
weathered seacliffs, dunes and limestone crannies offer an intriguing window into the past,
and the lateral coastal vista remains entirely undeveloped. Untrammeled beaches and a
backdrop of green help establish the feeling of a remote wilderness, despite the study area’s
accessible location between two population centers

Relatively intact native plant communities, made up mostly of endemic and indigenous
species, persist in the coastal strand vegetation and on the upper reaches of HƗ‘upu ridge.
Indigenous and migrant birds roost and nest at HulƝ‘ia, Niumalu, KƯpǌ Kai, and
undisturbed sites along the MƗhƗ‘ulepǌ coast.

By definition, these endemic species—found in Hawai‘i and nowhere else—have always
been uncommon. Today, they depend on habitats in the study area for their continued
survival on earth.

x Mt. HƗ‘upu’s summit hosts nearly ninety plant species endemic to Hawai‘i, including
more than two dozen endemic to Kaua‘i only, and some restricted to just Mt. HƗ‘upu.
USFWS has designated six species as endangered, one as threatened and six as
Species of Concern. Parts of HƗ‘upu ridge are designated Critical Habitat for eleven
endemic plant species.
x The endangered and nearly extinct Hawaiian monk seal rests and nurses its pups on
study area beaches.
x Hawai‘i’s four endemic endangered waterfowl—the Hawaiian duck, stilt, coot and
moorhen—breed at HulƝ‘ia and other protected sites, and feed at remnant wetlands
and manmade water features throughout the study area.
x The endemic endangered nƝnƝ, or Hawaiian goose, is making a comeback on Kaua‘i
thanks in part to breeding habitat at KƯpǌ Kai and foraging opportunities at study area
sites.
x Newell’s shearwater, a Threatened endemic species, nests on HƗ‘upu ridge.
x Native coastal strand vegetation includes thirteen endemic plant species at increasing
risk of disappearance due to continuing shoreline development throughout Hawai‘i.
The MƗhƗ‘ulepǌ coastal corridor is designated Critical Habitat for the endangered
‘ohai (Sesbania tomentosa).
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Significant resources in the study area represent themes and types that are suitable for
protection within the framework of the national park system, and are not otherwise
adequately protected in the state or nation. Volcanic features of the study area represent a
stage and range of geologic development of the Hawaiian high islands not available at
other Hawai‘i parks. Landforms and fossils of the MƗhƗ‘ulepǌ coast illustrate the reality of
global climate and sea level change, as well as the impacts of human settlement on native
ecosystems. An extensive and undeveloped Hawai‘i shoreline within easy reach of
population centers, such as that found in the study area, is a rare and rapidly vanishing type

To be considered suitable, an area must represent a natural or cultural
theme or type of recreational resource that is not already adequately
represented in the National Park System or is not comparably represented
and protected for public enjoyment by another land-managing
entity. Adequacy of representation is determined on a case-by-case basis by
comparing the proposed area to other units in the National Park System for
differences or similarities in the character, quality, quantity, or combination
of resources, and opportunities for public enjoyment.

5.1.2 Suitability

Bracketed between two population centers, the study area nevertheless still embraces
significant places with relative resource integrity, against a backdrop of current and historic
agricultural lands. Poised at the brink of the 21st century but not yet urbanized, this span of
undeveloped coast offers unique opportunities for understanding the dynamic forces that
shaped Hawai‘i—volcanic birth, sea level changes, human settlement and expansion, and
native ecosystems struggling to survive the impacts of people and natural events. The
MƗhƗ‘ulepǌ coast in particular affords excellent venues not only for interpretation and
education, but also for outdoor recreation. Other significant sites such as Alekoko
Fishpond, KƯpǌ Kai, HƗ‘upu ridge, and Makauwahi cave merit extensive further scientific
study, and careful management to assure appropriate use.

Alekoko Fishpond, an aquaculture site built by early Hawaiians around 1200 A.D., was
recognized by NPS over thirty years ago as “worthy of preservation as part of the cultural
heritage of the State of Hawai‘i and the United States of America.” Hawai‘i’s prehistoric
manmade ponds were the most extensive and innovative in the Pacific; the best ones were
held by royalty as both a symbol of status and a source of food. Among the examples that
survive today, Alekoko is a rare example of a royal pond located on a stream, rather than at
the ocean, and it is the largest inland manmade historic fishpond in Hawai‘i. Alekoko
remains worthy of preservation as part of the state and national heritage, provided that
overgrown mangrove can be removed from its rock walls without undue damage.

food, craft supplies and fishing gear provide a record of human activity; fossilized seeds,
shells, bones and organic debris reveal a changing mix of native and nonnative plants and
animals; and sediment strata speak of environmental events that shaped both land and
people. In combination with oral and archival sources, the finds at Makauwahi Cave shed
new light on Hawai‘i’s human story, and chronicle the transformation of Hawai‘i’s
landscape and biota through a thousand years of dynamic cultural change.
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Scrutiny of such options and how they might apply to the current study area is beyond the
scope of this reconnaissance survey. If a Special Resource Study is conducted, it would
identify, examine and compare alternatives that appear to hold promise.

For example, Ebey’s Landing National Historic Reserve includes extensive private land,
with NPS holding some 3500 acres in easement to retain historic agricultural lands and
exclude rural subdivisions. Craters of the Moon National Monument and Preserve allows
for hunting and grazing on Preserve acreage. City of Rocks National Reserve encompasses
private land within its boundary, where NPS holds conservation easements and grazing is
permitted. In potential units where nonprofit land trusts can secure conservation easements
on agricultural lands and/or certain significant natural and cultural resources, NPS can
focus on the remaining significant resources that would benefit most from NPS
management.

The National Park Service manages a variety of designated units including parks,
recreation areas, seashores, national historic sites, monuments, reserves and preserves. In
some cases, enabling legislation for a designated NPS unit provides for continued private
land ownership, ongoing community uses, and sharing of management costs and
responsibilities via agency or community partnerships.

Because sensitive conservation areas are mingled with active agricultural land throughout
the study area, future activities on agricultural land could cause major impacts on
significant resources. In addition, vehicular public access to the MƗhƗ‘ulepǌ coast—the
portion of the study area best suited for public recreation—depends on roadways through
private land. Successful resource protection and management will depend on willing
cooperation by all parties.

The study area’s significant resources are of a collective size and configuration that would
be feasible to manage for protection and public enjoyment, provided that NPS, affected
landowners, and local and state stakeholders collaborate to identify and reduce threats,
manage access, and ensure long-term protection of the area’s overall scenic quality. To
manage costs, NPS would need to emphasize partnerships and minimize outright land
acquisition.

To be considered feasible, an area's natural systems and/or historic settings
must be of sufficient size and appropriate configuration to ensure long-term
protection of the resources and to accommodate public use. The area must
have potential for efficient administration at a reasonable cost. Other
important feasibility factors include landownership, acquisition costs,
access, threats to the resource, and staff or development requirements.

5.1.3 Feasibility

of recreational resource prized by U.S. citizens and international visitors as well as Hawai‘i
residents. Protection and management of this resource type is currently inadequate at
federal, state and local levels.
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The National Park Service Pacific West Region recommends that a Special Resource Study
be authorized under the stipulations of Public Law 105-391, so long as it focuses on nontraditional management alternatives that a) involve local partners and b) include options for
continued farm and ranch operations on private agricultural lands.

5.3 Recommendation

Hawai‘i serves as a multi-island playground for the nation and the world, hosting nearly 7.6
million visitors per year, but its tax base depends on a statewide resident population of only
1.3 million people (USC 2007). Local and state financial resources may be insufficient to
protect sensitive Hawaii seashores from development.

In all three instances, residents unsuccessfully sought state and local protections, and then
expressed interest in the concept of a National Seashore, in the hope that such a designation
would protect the resources in perpetuity and allow for continued community uses. The
request for federal protection is an index of fear that Hawai‘i residents express about
growing tourism, population and development, and a concomitant loss of access to coastal
wilderness.

It is also worth noting that since 2002, Hawai‘i Congressional officials on behalf of
Hawai‘i residents asked the National Park Service to conduct reconnaissance surveys on
three southeast shores of Hawaiian islands: at Keone‘ǀ‘io on Maui, Ka‘ǌ on Hawai‘i, and
MƗhƗ‘ulepǌ on Kaua‘i. In general, these coasts are relatively dry, traditionally rural and
lacking in infrastructure; they are the last major bastions of undeveloped, unmanaged
accessible shoreline in Hawai‘i.

Since the development of the Hyatt Resort by the south end of the study area in the 1980s,
residents and government officials have expressed ongoing concern about the potential for
further development that would impact resources and affect public use of the MƗhƗ‘ulepǌ
coast. To some extent discussion has become polarized, with preservation advocates and
landowners viewing each other through a cloud of mutual suspicion and wariness, and
shaping their communications with each other based on that view. Great potential exists for
creative management of resources within the study area, but a constructive framework for
stakeholder discussion is needed.

6.1 How NPS Evaluates Significance of Resources

Notable partners have been involved in research, management, or resource protection
within the study area, or have expressed interest in involvement. Besides the landowners,
they include local land trusts, Trust for Public Land, The Nature Conservancy, National
Tropical Botanical Garden, MƗlama MƗhƗ‘ulepǌ, Sierra Club, Smithsonian Institution,
National Geographic Society, Bishop Museum, County of Kaua‘i, Kaua‘i Community
College, and State of Hawai‘i Department of Land and Natural Resources.
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x a resource that is associated with events that have made a significant contribution to
and are identified with, or that outstandingly represent the broad national patterns of
United States history and from which an understanding and appreciation of those
patterns may be gained;
x a resource that is importantly associated with the lives of persons nationally
significant in the history of the United States;
x a resource that embodies distinguishing characteristics of an architectural type
specimen, exceptionally valuable for study of a period, style, or method of
construction, or represents a significant, distinctive and exceptional entity whose
components may lack individual distinction;
x a resource that is composed of integral parts of the environment not sufficiently
significant by reason of historical association or artistic merit to warrant individual

Cultural resource significance may be attributed to districts, sites, structures, or objects that
possess exceptional value or quality in illustrating or interpreting our heritage and that
possess a high degree of integrity of location, design, setting, materials, workmanship,
feeling, and association. Specific examples include:

x an outstanding site that illustrates the characteristics of a landform or biotic area that
is still widespread;
x a rare remnant natural landscape or biotic area of a type that was once widespread but
is now vanishing due to human settlement and development;
x a landform or biotic area that has always been extremely uncommon in the region or
nation;
x a site that possesses exceptional diversity of ecological components (species,
communities, or habitats) or geological features (landforms, observable
manifestations of geologic processes);
x a site that contains biotic species or communities whose natural distribution at that
location makes them unusual (for example, a relatively large population at the limit
of its range or an isolated population);
x a site that harbors a concentrated population of a rare plant or animal species,
particularly one officially recognized as threatened or endangered;
x a critical refuge that is necessary for the continued survival of a species;
x a site that contains rare or unusually abundant fossil deposits;
x an area that has outstanding scenic qualities such as dramatic topographic features,
unusual contrasts in landforms or vegetation, spectacular vistas, or other special
landscape features;
x a site that is an invaluable ecological or geological benchmark due to an extensive
and long-term record of research and scientific discovery.

Natural resource significance may be associated with the following types of sites:

6 APPENDICES

5.2 Other Findings

Malvaceae
Asteraceae
Rubiaceae
Araliaceae
Myoporaceae
Rosaceae

koki'o
nehe, ko'oko'olau
noni tree, noni kuahiwi
tree
false sandalwood, naio
u‘ulei
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I
I, GCN
E

Convolvulaceae
Convolvulaceae
Convolvulaceae
E, GCN
E, GCN
E
E, GCN
I, GCN
I, GCN

I
E, SOC, GCN
E
A
I
I, GCN
E, GCN
E, GCN
I , GCN

Nyctaginaceae
Capparaceae
Euphorbiaceae
Arecaceae
Boraginaceae
Sapindaceae
Fabaceae
Malvaceae
Boraginaceae

Alena, anena, nena
Hawaiian caper, maiapilo
beach spurge, koko, 'akoko
coconut palm, niu
kou
'a'ali'i
Wiliwili
Hawaiian cotton, ma'o, uluhulu
Beach heliotrope, hinahina, hinahina
ku kahakai
Morning glory koali ‘awa
Beach morning glory, pohuehue
Pa’u o Hi’iaka

Boerhavia repens?
Capparis sandwichiana
Chamaesyce degeneri
Cocos nucifera
Cordia subcordata
Dodonaea viscosa
Erythrina sandwicensis
Gossypium tomentosum
Heliotropium anomalum var.
argenteum
Ipomea indica
Ipomea pes-caprae
Jacquemontia ovalifolia subsp.
Sandwicensis
Kokia Kaua‘iensis
?Lipochaeta integrifolia
Morinda citrifolia
Munroidendron racemosum
Myoporum sandwicense
Osteomeles anthyllidifolia

Status

Family

Common / Hawaiian Name

Scientific Name

E=Endemic (found in Hawaii and nowhere else); I=Indigenous (native to Hawai‘i but not
endemic); A=Alien; SOC= federal Species of Concern (USFWS); END=federally listed
Endangered Species; GCN=State of Hawai‘i Species of Greatest Conservation Need.

Since staff had limited time to explore or botanize, this list should not be considered to
cover all species present or their full range of distribution.

6.2.1 Coastal Vegetation

The species lists shown below are based on NPS observations, limited research, and
reliable reports from local researchers, government officials, and residents. Locations of
specific sightings are intentionally omitted.

6.2 Study Area Species Lists

Many units of the national park system have been established to recognize their important
role in providing recreational opportunities. The potential for public use and enjoyment is
an important consideration in evaluating potential new additions to the National Park
System. However, recreational values are not evaluated independently from the natural
and cultural resources that provide the settings for recreational activities.

recognition but collectively composes an entity of exceptional historical or artistic
significance, or outstandingly commemorates or illustrates a way of life or culture;
x a resource that has yielded or may be likely to yield information of major scientific
importance by revealing new cultures, or by shedding light upon periods of
occupation over large areas of the United States.

I, GCN
E
E
I
I
E
E , END, GCN
I, GCN
I, GCN
I
A
I
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Dubautia laxa subsp
pseudoplantaginea [ New sp.?]
Hedyotis fluviatilis
Hedyotis sp. nov. [unnamed]
Hibiscus kokio
Isodendrion longifolium
Lepidium orbiculare
Lipochaeta micrantha var. exigua
Lobelia Ni‘ihauensis
Lobelia sp. [new sp.?]
Munroidendron racemosum
Myrsine linearifolia
Peucedanum sandwicense
Pittosporum gayanum
Schiedea perlmanii
Tetraplasandra bisattenuata

Bonamia menziesii
Delissea rhytidosperma

Species

Rubiaceae
Rubiaceae
Malvaceae
Violaceae
Brassicaceae
Asteraceae
Campanulaceae
Campanulaceae
Araliaceae
Myrsinaceae
Apiaceae
Pittosporaceae
Caryophyllaceae
Araliaceae
‘ohe mauka

kǀlea
makou.
hǀ‘awa

koki‘o ‘ula, mƗkǌ
aupaka
‘Ɨnaunau
nehe

kamapua‘a, pilo

E, SOC
?
E, SOC
E,T, GCN
E,SIE
E,SIE,END
E,END
E [new sp.?]
SIE, GCN
E,V,SIE, GCN
E,T, GCN
E, SIE
E,SIE, END, GCN
E, SIE,SOC, GCN,
GSN

E, END, GCN
E, SIE, END, GCN,
GSN
E [ New sp.?]
Asteraceae

Status

Family
Convolvulaceae
Campanulaceae
na‘ena‘e, pua melemele

Common / Hawaiian
Name

E=Endemic (found in Hawaii and nowhere else); I=Indigenous (native to Hawai‘i but not
endemic); A=Alien; SOC= federal Species of Concern (USFWS); END=federally listed
Endangered Species; GCN=State of Hawai‘i Species of Greatest Conservation Need;
GSN=State of Hawai‘i Genetic Safety Net species.

Of 112 native plant species identified on the summit of Mt. HƗ‘upu during research in
2005, botanist Ken Wood identified a subset of endemic vascular plants which urgently
need action to carry out conservation collections, due to their rarity. Shown below, they are
taken from Wood’s Summary Report of Botanical Research, HƗ‘upu Summit, Kaua`i,
Hawai‘i (550—700 m [1800—2297 ft] elevation), August 2005.

6.2.2 Notable Rare Plants of HƗ‘upu

Pandanus tectorius
screwpine, hala
Pandanaceae
Pritchardia cf minor
loulu
Arecaceae
Pritchardia elmerrobinsoni
Ni’ihau lolou palm, loulu
Arecaceae
Ruppia martima
ditchgrass, widgeon grass
Potamogetonaceae
Scaevola taccada
Beach naupaka, naupaka kahakai
Goodeniacea
Schiedea sp.
ma‘oli‘oli
Caryophyllaceae
*Sesbania tomentosa
‘ohai
Fabaceae
Sesuvium portulacastrum
Sea purslane, ‘akulikuli
Aizoaceae
Sida fallax
‘Ilima, ‘ilima ku kahakai, 'ilima papa
Malvaceae
Thespesia populnea
portia tree, milo
Malvaceae
Tournefortia argentea
tree heliotrope
Boraginaceae
Waltheria indica
‘uhaloa
Sterculiaceae
* Federally designated Critical Habitat along MƗhƗ‘ulepǌ coastal corridor. Not seen during survey.

Charadridae
Procellidae
Procellidae

Pacific Golden Plover, Kolea
Newell’s Shearwater, ‘A’o
Wedge-tailed Shearwater, ‘Ua’u kani

M
E, T
I

E, END
M
E
E, END
M
I
E, END
E, END
M
E, END
I
I
I

Status

Species
Abudefduf abdominalis
Abudefduf sordidus
Acanthurus achilles
Acanthurus nigrofuscus
Acanthurus nigroris
Acanthurus olivaceus
Acanthurus triostegus
Aetobatus narinari
Arothron meleagris
Aulostomus chinensis
Cantherhines sandwichiensis
Canthigaster jactator
Caranx ignobilis

Hawaiian Sergeant, mamo
Blackspot Sergeant, kupipi
Achilles Tang, paku‘iku‘i
brown surgeonfish, ma’i’i’i
Bluelined Surgeonfish, maiko
Orangeband Surgeonfish, na‘ena‘e
convict tang, manini
Spotted Eagle Ray, hihimanu
Guineafowl Puffer, moa
Trumpetfish, nunu
Squaretail Filefish, o‘ili lepa
Hawaiian Whitespotted Toby
giant trevally, ulua aukea

Common / Hawaiian Name
Pomacentridae
Pomacentridae
Acanthuridae
Acanthuridae
Acanthuridae
Acanthuridae
Acanthuridae
Myliobatidae
Tetraodontidae
Aulostomidae
Monacanthidae
Tetraodontidae
Carangidae

Family
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Fishes shown here are taken from three sources: NPS observations during the site visit;
recorded observations at Kipu Kai and MƗhƗ‘ulepǌ by trained volunteers for Reef
Environmental Education Foundation (REEF); and information from David Waterhouse of
Kipu Kai, based on fish catches noted in Kipu Kai guestbooks.

6.2.4 Marine Fishes

Scolopacidae
Recurvirostridae
Ardeiidae
Phaethontidae
Phaethontidae

Anatidae
Scolopacidae
Strigidae
Anatidae
Scolopacidae
Fregatidae
Rallidae

Anas wyvilliana
Arenaria interpres
Asio flammeus sandwichensis
Branta sandvicensis
Calidris alba
Fregeta minor palmerstoni
Fulica alai
Gallinula chloropus sandvicensis
Heteroscelus incanus
Himantopus mexicanus knudseni
Nycticorax nycticorax hoactli
Phaethon lepturus dorotheae
Phaethon rubricauda
melanorhynchos
Pluvialis fulva
Puffinus auricularis newelli
Puffinus pacificus

Family

Common / Hawaiian Name

Hawaiian Duck, HanamƗ‘ulu
Ruddy Turnstone, ‘Akekeke
Short-eared or Hawaiian Owl
Hawaiian Goose, NƝnƝ
Sanderling, Hunakai
Great Frigatebird, ‘Iwa
Hawaiian Coot, ‘Alae keo’keo
Common Moorhen, ‘Alae ‘ula
Wandering Tattler, ‘Ulili
Hawaiian Stilt, Ae’o
Black-crowned Night-heron, ‘Auku’u
White-tailed Tropicbird, Koa’e kea
Red-tailed Tropicbird, Koa’e ‘ula

Species

E = endemic at the species or subspecific level; I = indigenous; M = migrant; T = federally
listed Threatened Species; END = federally listed Endangered Species.

This list includes nine native bird species noted on the March 2007 NPS site visit, plus
seven others documented during interviews or from research. It should not be considered a
definitive list of all native bird species in the study area.

6.2.3 Native Birds
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Caranx melampygus
Caranx ignobilis
Chaetodon sp.
Chaetodon auriga
Chaetodon fremblii
Chaetodon lunula
Chaetodon miliaris
Chaetodon multicinctus
Chaetodon quadrimaculatus
Chaetodon unimaculatus
Chlorurus sordidus
Chromis vanderbilti
Cirrhitops fasciatus
Coris gaimardi
Dascyllus albisella
Echidna nebulosa (juvenile)
Gambusia affinis
Gomphosus varius
Gymnothorax undulatus
Holacanthus arcuatus
Istiblennius zebra
Kuhlia sandvicensis
Kyphosus sp.
Labroides phthirophagus
Lutjanus fulvus
Lutjanus kasmira
Melichthys niger
Melichthys vidua
Monotaxis grandoculis
Mugil cephalis
Mulloidichthys flavolineatus
Mulloidichthys vanicolensis
Myripristis berndti
Naso lituratus
Naso unicornis
Oplegnathus punctatus
Ostracion meleagris
Paracirrhites arcatus
Paracirrhites forsteri
Parupeneus bifasciatus
Parupeneus multifasciatus
Plectroglyphidodon johnstonianus
Polydactylus sexfilis
Priacanthus meeki
Pseudocheilinus octotaenia
Rhinecanthus rectangulus
Selar crumenopthalmus
Seriola dumerili
Stegastes fasciolatus
Sufflamen bursa
Thalassoma duperrey
Thalassoma trilobatum
Zanclus cornutus

bluefin trevally, omilu
juvenile giant trevally, papio
butterfly fish, kikakapu
Threadfin Butterflyfish, kikakapu
Bluestripe Butterflyfish kikakapu,
Raccoon Butterflyfish, kikakapu
Milletseed Butterflyfish, lau wiliwili
Multiband Butterflyfish, kikakapu
Fourspot Butterflyfish, lauhau
Teardrop Butterflyfish, kikakapu
Bullethead Parrotfish, uhu
Blackfin Chomis
Redbarred Hawkfish, pilikoa
Yellowtail Coris, hinalea ‘akilolo
Hawaiian Dascyllus
snowflake eel, puhi kappa
Western mosquitofish (Introduced)
Bird Wrasse, hinalea i‘iwi
undulated moray, puhi
Bandit Angelfish
zebra rockskipper, pao'o
Hawaiian flagtail, aholehole
Gray/Highfin/Lowfin Chub, nenue
Hawaiian Cleaner Wrasse
Blacktail Snapper, to‘ao
Bluestripe Snapper, ta‘ape
Black Durgonm humuhumu ele ele
Pinktail Durgon, humuhumuhi‘ukole
Bigeye Emperor, mu
mullet (juvenile), ‘ama‘ama
Yellowstripe Goatfish, weke‘a
Yellowfin Goatfish, wele ‘ula
Bigscale Soldierfish, ‘u‘u
Orangespine Unicornfish, umaumalei
bluespine unicornfish, kala
Spotted Knifejaw
Spotted Boxfish, moa
Arc-Eye Hawkfish, piliko‘a
Blackside Hawkfish, hilu piliko‘a
Doublebar Goatfish
Manybar Goatfish, moano
Blue-eye Damselfish
6-fingered threadfin, moi
Hawaiian Bigeye, ‘‘Ɩweoweo
Eightstripe Wrasse
Reef Triggerfish, humuhumu nukunuku apua‘a
bigeye scad, akule
greater amberjack, kahala
South Pacific Gregory
Lei Triggerfish, humuhumu lei
Saddle Wrasse, hinalea lauwili
Christmas Wrasse, ‘awela
Moorish Idol, kihikihi

Labridae
Balistidae
Carangidae
Carangidae
Pomacetridae
Balistidae
Labridae
Labridae
Zanclidae

Carangidae
Carangidae
Chaetodontidae
Chaetodontidae
Chaetodontidae
Chaetodontidae
Chaetodontidae
Chaetodontidae
Chaetodontidae
Chaetodontidae
Scaridae
Pomacetridae
Cirrhitidae
Labridae
Pomacetridae
Muraenidae
Poeciliidae
Labridae
Muraenidae
Pomacanthidae
Blenniidae
Kuhliidae
Kyphosidae
Labridae
Lutjanidae
Lutjanidae
Balistidae
Balistidae
Lethrinidae
Mugilidae
Mullidae
Mullidae
Holocentridae
Acanthuridae
Acanthuridae
Oplegnathidae
Ostraciidae
Cirrhitidae
Cirrhitidae
Mullidae
Mullidae
Pomacetridae
Polynemidae

Asparagopsis taxiformis
?Centroceras cf. clavulatum
Cladophora sp.
Codium arabicum
Dasya iridescens
Dictyota sp.
Dictyota sandvicensis
Halimeda discoidea
Dictyosphaeria cavernosa
Colpomenia sinuosa
Laurencia cf. mcdermidiae
Martensia fragilis
Asteronema breviarticulatum
Padina sp.
Peysonnellia sp.
Galaxaura sp.
Sargassum echinocarpum
Turbinaria ornata
Ahnfeltiopsis coccinea
Wrangelia elegantissima
?Haliptilon subulatum
?Stenopeltis gracilis
Lithophyllum sp.

Corals (Cnidaria)
Cladactella manni
Palythoa caesia
Fungia sp. skeleton juveniless
Montipora capitata
Montipora cf. flabellata
Pocillopora sp.
Pocillopora meandrina
Pocillopora edouxi
Porites evermanni
Porites lobata
Worms (Annelida)
Loimia medusa
Molluscs ( Mollusca):
Cassis cornutus
Cellana exarata
Conus sp.
Cypraea spp,
Cypraea granulata
Dendropoma gregaria

Species

conch snail, pu puhi
black-foot limpet, 'opihi makaiauli
cone snail, pupu ‘ala
cowry, leho
cowry, leho ‘okala, leho opu ‘upu’u
tube snail, kauna'oa

spaghetti worm

Mann's anemone
soft coral, limu make o Hana
solitary coral, ‘ako’ako’a kohe
rice coral, ‘ako’ako’a, ko’a
blue rice coral, ako’ako’a, ko’a
'ako'ako'a, ko'a, puna kea
cauliflower coral, ‘ako’ako’a, ko’a
cauliflower coral, ako’ako’a, ko’a
mound coral, pohaku puna
mound coral, pohaku puna

Common / Hawaiian Name

6.2.6 Marine Invertebrates

red calcareous algae
red coralline algae, crustose coralline algae

limu 'aki'aki

limu kala

crustose red algae

fragile red algae
intertidal brown filimentous algae

green calcareous algae
green bubble algae
brown bubble algae

green filamentous algae
limu 'a 'ala'ula
iridescent red algae

Common / Hawaiian Name

limu kohu, limu lipehe

Species

6.2.5 Algae
Family

Cassididae
Patellidae
Conidae
Cypraeidae
Cypraeidae
Vermetidae

Actiniidae
Zoantharia
Fungiidae
Acroporidae
Acroporidae
Pocilloporidae
Pocilloporidae
Pocilloporidae
Poritidae
Poritidae

Family

Bonnemaisoniaceae
Ceramiaceae
Cladophoraceae
Codiaceae
Dasyaceae
Dictyotaceae
Dictyotaceae
Halimedaceae
Siphonocladaceae
Scytosiphonaceae
Rhodomelaceae
Delessariaceae
Scytothamnaceae
Dictyotaceae
Peysonneliaceae
Galaxauraceae
Sargassaceae
Sargassaceae
Phyllophoraceae
Ceramiaceae
Corallinaceae
Liagoraceae
Corallinaceae
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Thaididae
Thaididae
Hipponicidae
Littorinidae
Neritidae
Neritidae
Veneridae
Muricidae
Vermetidae
Vermetidae
Siphonariidae
Turbinidae
Diogenidae
Grapsidae
Ocypodidae
Palinuridae
Brissidae
Echinometridae
Echinometridae
Echinometridae
Holothuriidae
Holothuriidae

snail, makaloa
snail, makaloa
hoof snail
periwinkle snail, pipipi kolea
black nerite snail, pipipi
polished nerite, kupe’e
reticulated clam
snail
tube snail, kauna'oa
tube snail, kauna'oa
false 'opihi, 'opihi-'awa
Hawaiian turban, ‘alilea, pupu mahina
hermit crab, unauna
rock crab, ‘a’ama
pallid ghost crab, ‘ohiki
spiny lobster, ula
keeled heart urchin, ha’uke’uke kaupali
shield urchin,
boring sea urchin, ‘ina kea
pencil urchin, ha’uke’uke ‘ula’ula
white-spotted sea cucumber, loli
black sea cucumber, loli okuhi kuhi
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?Canavaliea sericea
?Verbesina enceloides
Albizia sp.
Caesalpinia decapetala
Casuarina equisetifolia
Leucaena leucocephala
Opuntia sp
Paederia foetida (P. scandens)
Panicum maximum
Passiflora laurifolia
Prosopis sp. Prosopis pallida
Psidium cattleianu
Psidium guajava
Rhizophora mangle
Rhodomyrtus tomentosa
Rubus rosifolius
Schinus terebinthifolius
Syzygium cumini
Terminalia catappa
Capra hircus
Rattus sp.
Sus scrofa

Scientific Name

Beach pea, silky jackbean
golden crown-beard
Albizia
Cat’s claw, Puakelekino
Ironwood, p’Ɨina
Koa haole, ekoa
prickly pear cactus, panini, papipi
(coffee family), Maile pilau
Guinea grass
Yellow water lemon, passion flower
mesquite, Kiawe
Strawberry guava, Waiawi, ‘ula‘ula
Guava, Kuawa
Red mangrove
Downy rose myrtle
Thimbleberry, Olaa
Christmas berry, naniohilo, wilelaiki
Java plum
false kamani tree, kamani haole
Feral goats
Rats
Feral pigs

Common / Hawaiian Name

Fabaceae
Fabaceae
Casuarinaceae
Fabaceae
Cactaceae
Rubiaceae
Poaceae
Passifloraceae
Fabaceae
Myrtaceae
Myrtaceae
Rhizophoraceae
Myrtaceae
Rosaceae
Anacardiaceae
Myrtaceae
Combretaceae
Bovidae
Muridae
Suidae

Fabaceae

Family

Threats as observed by NPS staff or reported by researchers or state wildlife officials.

6.2.7 Introduced Plant and Animal Threats

Drupa morum
Drupa ricina
Hipponix foliaceus
Littoraria pintado
Nerita picea
Nerita polita
Periglypta reticulata
Purpura aperta
Serpulorbis sp.
Serpulorbis variabilis
Siphonaria normalis
Turbo sandwicensis
Crustaceans (Arthropoda)
Calcinus sp.
Grapsus tenuicrustatus
Ocypode pallidula
Panulirus sp. (molt)
Echinoderms (Echinodermata)
Brissus latecarinatus
Colobocentrotus atratus
Echinometra sp.
Heterocentrotus mammillatus
Actinopyga mauritiana
Holothuria atra

Burney, L. 2007. Personal communication.

Burney, D and T. Flynn. 2007. Personal communication.

Burney, D. 2007. Personal communication.
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WHEREAS, the County of Kauai General Plan states that Maha`ulepu needs
a community-based planning effort that engages the landowner and local
community interests, drawing upon the County government, the
Department of Land and Natural Resources, and various professioQDO
experts; and

WHEREAS, the unique opportunity to apply the ahupua'a framework of
care-taking and management of watersheds from mountain peak to WKH
ocean exists at both Kipu Kai and Maha`ulepu; and

WHEREAS, the ahupua'a of Maha`ulepu is directly adjacent to Kipu Kai,
an entire ahupua'a which is a future State land preserve; and

WHEREAS, it is in the economic and social interest of the State of
Hawaii to conserve its valuable natural and cultural resources, and to
create parks and preserves for the future; and

WHEREAS, Maha`ulepu is a living cultural landscape and a place VDFUHG
to many Native Hawaiians, particularly to those of the Kaloa arHD
whose ancestral remains are buried at Maha`ulepu; and

WHEREAS, Maha`ulepu is a heritage landscape where it is possible to
preserve and restore diverse and significant natural, scenic,
cultural, archaeological, historic, scientific, and recreationaO
resources; and

SUPPORTING THE FUTURE PRESERVATION OF Maha`ulepu.

SENATE RESOLUTION

STATE OF HAWAII

TWENTY-FIRST LEGISLATURE,


THE SENATE

Maha`ulepu Park

Report Title:
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%( ,7 )857+(5 5(62/9(' WKDW FHUWLILHG FRSLHV RI WKLV 5HVROXWLRQ EH
WUDQVPLWWHG WR WKH PHPEHUV RI +DZDLL V &RQJUHVVLRQDO 'HOHJDWLRQ WKH
+RQRUDEOH %HQMDPLQ - &D\HWDQR *RYHUQRU RI WKH 6WDWH RI +DZDL¶L WKH
+RQRUDEOH 0D]LH . +LURQR /LHXWHQDQW *RYHUQRU RI WKH 6WDWH RI
+DZDL¶L WKH +RQRUDEOH 0DU\DQQH : .XVDND 0D\RU RI WKH &RXQW\ RI
.DXD¶L 0HPEHUV RI WKH 6WDWH %RDUG RI /DQG DQG 1DWXUDO 5HVRXUFHV
0HPEHUV RI WKH &RXQFLO RI WKH &RXQW\ RI .DXD¶L DQG WKH 3UHVLGHQW DQG
&KLHI 2SHUDWLQJ 2IILFHU RI *URYH )DUP &RPSDQ\ ,QF

%( ,7 5(62/9(' E\ WKH 6HQDWH RI WKH 7ZHQW\)LUVW /HJLVODWXUH RI WKH
6WDWH RI +DZDLL 5HJXODU 6HVVLRQ RI  WKDW LW VXSSRUWV D
FROODERUDWLYH SODQQLQJ HIIRUW WR H[SORUH RSWLRQV WKDW ZRXOG PDNH LW
SRVVLEOH WR SUHVHUYH WKH LUUHSODFHDEOH QDWXUDO DQG FXOWXUDO UHVRXUFHV
RI 0DKDCXOHSX DQG WR VXVWDLQ WKH VSHFLDO H[SHULHQFH RI WKLV SODFH;
DQG

:+(5($6 *RYHUQRU %HQMDPLQ &D\HWDQR KDV GHFODUHG KLV VXSSRUW IRU WKH
SUHVHUYDWLRQ RI 0DKDCXOHSX; QRZ WKHUHIRUH

:+(5($6 WKH &RXQW\ RI .DXDL KDV H[SUHVVHG LWV JUDWLWXGH WR WKH *URYH
)DUP &RPSDQ\ ,QF IRU NHHSLQJ 0DKDCXOHSX RSHQ WR WKH SXEOLF ERWK
UHVLGHQWV DQG YLVLWRUV; DQG
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WHEREAS, the County of Kaua'i General Plan states that Maha'uleSX
needs a community-based planning effort that engages the landowner and
local community interests, drawing upon the County, the Department of
Land and Natural Resources, and various professional experts; aQG

WHEREAS, the unique opportunity to apply the ahupua'a framework of
care-taking and management of watersheds from mountain peak to WKH
ocean exists at both Kipu Kai and Maha'ulepu; and

WHEREAS, the ahupua'a of Maha'ulepu is directly adjacent to Kipu Kai,
an entire ahupua'a which is a future State land preserve; and

WHEREAS, it is in the economic and social interest of the State to
conserve its valuable natural and cultural resources and to creDWH
parks and preserves for the future; and

WHEREAS, Maha'ulepu is a living cultural landscape and a place VDFUHG
to many Native Hawaiians, particularly to those of the Koloa arHD
whose ancestral remains are buried at Maha'ulepu; and

WHEREAS, Maha'ulepu is a heritage landscape where it is possible to
preserve and restore diverse and significant natural, scenic,
cultural, archaeological, historic, scientific, and recreationaO
resources; and

SUPPORTING THE FUTURE PRESERVATION OF Maha'ulepu.

HOUSE RESOLUTION

STATE OF HAWAII

TWENTY-FIRST LEGISLATURE,


HOUSE OF REPRESENTATIVES

Preservation of Maha'ulepu

Report Title:
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%( ,7 )857+(5 5(62/9(' WKDW FHUWLILHG FRSLHV RI WKLV 5HVROXWLRQ EH
WUDQVPLWWHG WR WKH +RQRUDEOH %HQMDPLQ - &D\HWDQR *RYHUQRU RI WKH
6WDWH RI +DZDL L WKH +RQRUDEOH 0D]LH . +LURQR /LHXWHQDQW *RYHUQRU
RI WKH 6WDWH RI +DZDL L WKH +RQRUDEOH 0DU\DQQH : .XVDND 0D\RU RI
WKH &RXQW\ RI .DXD L PHPEHUV RI WKH %RDUG RI /DQG DQG 1DWXUDO
5HVRXUFHV PHPEHUV RI WKH &RXQFLO RI WKH &RXQW\ RI .DXD L DQG WKH
3UHVLGHQW DQG &KLHI 2SHUDWLQJ 2IILFHU RI *URYH )DUP &RPSDQ\ ,QF

%( ,7 5(62/9(' E\ WKH +RXVH RI 5HSUHVHQWDWLYHV RI WKH 7ZHQW\ILUVW
/HJLVODWXUH RI WKH 6WDWH RI +DZDLL 5HJXODU 6HVVLRQ RI  WKDW WKLV
ERG\ VXSSRUWV D FROODERUDWLYH SODQQLQJ HIIRUW WR H[SORUH RSWLRQV WKDW
ZRXOG PDNH LW SRVVLEOH WR SUHVHUYH WKH LUUHSODFHDEOH QDWXUDO DQG
FXOWXUDO UHVRXUFHV RI 0DKD XOHSX DQG WR VXVWDLQ WKH VSHFLDO
H[SHULHQFH RI WKLV SODFH; DQG

:+(5($6 *RYHUQRU %HQMDPLQ &D\HWDQR KDV GHFODUHG KLV VXSSRUW IRU WKH
SUHVHUYDWLRQ RI 0DKD XOHSX; QRZ WKHUHIRUH

:+(5($6 PDQ\ UHVLGHQWV DQG YLVLWRUV DUH JUDWHIXO WR WKH *URYH )DUP
&RPSDQ\ ,QF IRU NHHSLQJ 0DKD XOHSX RSHQ WR WKH SXEOLF; DQG
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WHEREAS, the unique opportunity to apply the ahupua'a framework of
care-taking and management of watersheds from mountain peak to WKH

WHEREAS, the ahupua'a of Maha'ulepu is directly adjacent to Kipu Kai,
an entire ahupua'a which is a future State land preserve; and

WHEREAS, it is in the economic and social interest of the State to
conserve its valuable natural and cultural resources and to creDWH
parks and preserves for the future; and

WHEREAS, Maha'ulepu is a living cultural landscape and a place VDFUHG
to many Native Hawaiians, particularly to those of the Koloa arHD
whose ancestral remains are buried at Maha'ulepu; and

WHEREAS, Maha'ulepu is a heritage landscape where it is possible to
preserve and restore diverse and significant natural, scenic,
cultural, archaeological, historic, scientific, and recreationaO
resources; and

SUPPORTING THE FUTURE PRESERVATION OF Maha'ulepu.

5(62/87,21

HOUSE CONCURRENT

STATE OF HAWAII

TWENTY-FIRST LEGISLATURE,


HOUSE OF REPRESENTATIVES

Preservation of Maha'ulepu

Report Title:
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%( ,7 )857+(5 5(62/9(' WKDW FHUWLILHG FRSLHV RI WKLV &RQFXUUHQW
5HVROXWLRQ EH WUDQVPLWWHG WR WKH +RQRUDEOH %HQMDPLQ - &D\HWDQR
*RYHUQRU RI WKH 6WDWH RI +DZDL L WKH +RQRUDEOH 0D]LH . +LURQR
/LHXWHQDQW *RYHUQRU RI WKH 6WDWH RI +DZDL L WKH +RQRUDEOH 0DU\DQQH :
.XVDND 0D\RU RI WKH &RXQW\ RI .DXD L PHPEHUV RI WKH %RDUG RI /DQG
DQG 1DWXUDO 5HVRXUFHV PHPEHUV RI WKH &RXQFLO RI WKH &RXQW\ RI .DXD L
DQG WKH 3UHVLGHQW DQG &KLHI 2SHUDWLQJ 2IILFHU RI *URYH )DUP &RPSDQ\
,QF

%( ,7 5(62/9(' E\ WKH +RXVH RI 5HSUHVHQWDWLYHV RI WKH 7ZHQW\ILUVW
/HJLVODWXUH RI WKH 6WDWH RI +DZDLL 5HJXODU 6HVVLRQ RI  WKH
6HQDWH FRQFXUULQJ WKDW WKLV ERG\ VXSSRUWV D FROODERUDWLYH SODQQLQJ
HIIRUW WR H[SORUH RSWLRQV WKDW ZRXOG PDNH LW SRVVLEOH WR SUHVHUYH WKH
LUUHSODFHDEOH QDWXUDO DQG FXOWXUDO UHVRXUFHV RI 0DKD XOHSX DQG WR
VXVWDLQ WKH VSHFLDO H[SHULHQFH RI WKLV SODFH; DQG

:+(5($6 *RYHUQRU %HQMDPLQ &D\HWDQR KDV GHFODUHG KLV VXSSRUW IRU WKH
SUHVHUYDWLRQ RI 0DKD XOHSX; QRZ WKHUHIRUH

:+(5($6 PDQ\ UHVLGHQWV DQG YLVLWRUV DUH JUDWHIXO WR WKH *URYH )DUP
&RPSDQ\ ,QF IRU NHHSLQJ 0DKD XOHSX RSHQ WR WKH SXEOLF; DQG

:+(5($6 WKH &RXQW\ RI .DXD L *HQHUDO 3ODQ VWDWHV WKDW 0DKD XOHSX
QHHGV D FRPPXQLW\EDVHG SODQQLQJ HIIRUW WKDW HQJDJHV WKH ODQGRZQHU DQG
ORFDO FRPPXQLW\ LQWHUHVWV GUDZLQJ XSRQ WKH &RXQW\ WKH 'HSDUWPHQW RI
/DQG DQG 1DWXUDO 5HVRXUFHV DQG YDULRXV SURIHVVLRQDO H[SHUWV; DQG

RFHDQ H[LVWV DW ERWK .LSX .DL DQG 0DKD XOHSX; DQG
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lbail@goodsill.com

MAIL ADDRESS: P.O. BOX 3196
HONOLULU, HAWAII 96801

July 20, 2015

info@goodsill.com xwww.goodsill.com

TELEPHONE (808) 547-5600 x FAX (808) 547-5880

DIRECT DIAL:
(808) 547-5787

Rescission of Approval of Hawaiދi Dairy Farms’
Soil Conservation Plan – Endangered Species

5407091.1

First, and most importantly, Hawaiދi Dairy Farms’ response fails entirely to
address the issue raised by the USFWS: impacts to threatened and endangered species. The
need to address these impacts is urgent. The impacts are ongoing, particularly given that the
grass mowing involved in the current field trials could have devastating impacts to nesting birds.
Since new resources concerns have been raised by the USFWS, the approval must be revisited,
as required by the NRCS Handbook cited in our first letter.

This letter responds to Patricia McHenry’s letter dated June 26, 2015, relating to
my May 22, 2015 request that the West Kauaދi Soil & Water Conservation District (“West
Kauaދi SWCD”) and the U.S. Department of Agriculture Natural Resources Conservation
Service (“NRCS”) rescind any approvals of the Hawaiދi Dairy Farm’s soil conservation plan
(“Plan”) due to impacts identified by the U.S. Fish & Wildlife Service (“USFWS”) to
endangered species on the subject property. As set forth below, we have two concerns.

Dear Mr. Tausend and Mr. Petersen:

Re:

Bruce Petersen
Director for the Pacific Islands Area
Natural Resources Conservation Services
U.S. Department of Agriculture
300 Ala Moana Blvd., #4-118
Honolulu, HI 96850
Bruce.Petersen@hi.usda.gov

Peter Tausend, Chairman
West Kauaދi Soil & Water Conservation District
4334 Rice Street, Room 104
Lihue, HI 96766-1801
Peter.Tausend@pioneer.com

VIA E-MAIL

LISA A. BAIL

FIRST HAWAIIAN CENTER, SUITE 1600 x 999 BISHOP STREET
HONOLULU, HAWAII 96813

A LIMITED LIABILITY LAW PARTNERSHIP LLP

GOODSILL ANDERSON QUINN & STIFEL
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DRAFT

ARCHAEOLOGICAL INVENTORY SURVEY
OF 580-ACRES IN MƖHƖ‘ULEPǋ AHUPUA‘A, KOLOA DISTRICT,
KAUA‘I ISLAND, HAWAI‘I
[TMK: (4) 2-9-003:001 POR. AND 006 POR.; 2-9-001:001 POR.]

SCS Project Number 1597-4 AIS

ABSTRACT

ii

Sites 50-30-10-2250 through -2264 have been assessed as significant under Criterion D
(information important in prehistory or history). Sites -3094 and -2250, both occurring off site,
have been assessed as significant under Criterion D and E. Of the total 16 sites in the project
area, inclusive of Site -3094, no further work is recommended for twelve of the sites or the
remainder of the project area. Preservation is recommended for Site 3094, the petroglyph
boulders, and Site -2250, an enclosure interpreted as an agricultural heiau.

Full, 100% pedestrian survey was conducted over the entire 580-acre project area and beyond,
within a 100 meter zone bordering the northern flanks of the project area. One previously
identified historic property, a carved petroglyph boulder (State Site 50-30-10-3094), was reidentified during the current project. During the current AIS, a total of 15 historic properties
were newly identified and documented. Three of these sites are believed to be associated with
pre-Contact and/or early historic times, including an enclosure and two retaining wall remnants.
The remaining sites consist of bridges, ditches, and culverts dating from the 20th century and
affiliated with sugar cane cultivation. In addition to survey, a total of seventeen trenches were
mechanically excavated in various portions of the project area, with no cultural findings. Test
units were placed in the pre-Contact enclosure, which aided in refining functional interpretations.

Scientific Consultant Services, Inc. (SCS), conducted Archaeological Inventory Survey (AIS) in
advance of proposed improvements for a proposed dairy farm on a 580 acre property within
MƗhƗ‘ulepǌ Valley, MƗhƗ‘ulepǌ Ahupua‘a, Koloa District, Island of Kaua‘i. The property is
owned by Maha`ulepu Farms, LLC. and comprised of TMK: (4) 2-9-003-001 por. & 006 por.
and (4) 2-9-001:001 por. The entire valley floor had been previously utilized for intensive sugar
cane cultivation, crop cultivation, and livestock pasturage since the 1830s. Prior to this time, the
valley was utilized by Hawaiians for the cultivation of traditional food crops.
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During the current Archaeological Inventory Survey, one previously identified site, State
Site 50-30-10-3094 was relocated. This site remains off-site, outside the proposed dairy area. In
addition, a total of fifteen historic properties were newly identified and documented. Three of
these sites are believed to be associated with pre-Contact and/or early historic times, including an
enclosure of two retaining wall remnants. The remaining sites consist of bridges, ditches,
culverts, and a flume system dating from the 20th century and are directly associated with sugar
cane cultivation. In addition to survey, a total of seventeen trenches were mechanically
excavated in various portions of the project area, with no cultural findings. Test units were
placed in the pre-Contact enclosure, which aided in refining functional interpretations.

Field work was conducted between July 7, 2014 and July 25, 2014 and August 21, 2014
through August 26, 2014 by archaeologists Jeff Putzi, B.A., James Powell, B.A., Milton Ching,
B.A., and Michael Dega, Ph.D. (Principal Investigator). Archaeological Inventory Survey was
performed to identify all historic properties occurring in the project area and near environs,
gather sufficient information to document these properties, to evaluate the significance of any
newly identified historic properties, to determine the project effect on these properties, and to
make mitigation recommendations to address possible adverse impacts to identified historic
properties, pursuant to Hawaii Administrative Rules (HAR) 13-284 and 13-276.

At the request of Hawaii Dairy Farms (HDF) Maha`ulepu Farms, LLC (landowner),
Scientific Consultant Services, Inc. (SCS) conducted Archaeological Inventory Survey (AIS) in
advance of proposed improvements on a 580-acre property in MƗhƗ‘ulepǌ Valley, MƗhƗ‘ulepǌ
Ahupua‘a, Koloa District, Island of Kaua‘i (TMK: (4) 2-9-003:001 por. & 006 por.; 2-9-001:001
por.) (Figure 1 and Figure 2). The property is owned by Maha`ulepu Farms, LLC. Improvements
are proposed by Hawaii Dairy Farms, LLC and are related to infrastructure of a commercial
dairy. These include modifying existing dirt roads, grading ground surfaces for the construction
of buildings, the excavation of effluent ponds, and the excavation of pipelines for the watering of
cattle.
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Figure 1. USGS Koloa Quadrangle Map Showing Project Area.

Figure 2. Tax Map Key Showing Project Area.
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Two parallel dirt roads extend north to south along the center of the valley floor. Both
roads have an irrigation ditch parallel to their lengths. MƗhƗ‘ulepǌ Ditch is present on the eastern
flank and consists of a modified stream course, the source of which are a series of braided
streams at the north end of the valley. These streams enter the valley on the eastern and western
sides of the ditch and are referred to as “east stream” and “west stream” in documentation and
field notes. The western ditch was constructed in the 20th century and its origins are the
MƗhƗ‘ulepǌ Reservoir, at the northwest end of the valley. The reservoir is filled by a series of
wells in the immediate vicinity. The ditch does not appear to have originally been a natural
stream course that was modified during the Plantation era. This course is referred to here as the
Main Ditch. The primary road up the valley is alongside the Main Ditch. This ditch feeds the
active taro farm at the southern end of the valley. The taro farm borders, but is not within the

The project area occurs at an elevation of c. 80 feet amsl to 200 feet amsl and is partially
bounded by MƗhƗ‘ulepǌ Road. The road enters the valley along the base of a slope on the
western side, extends north, then runs to the east, several hundred meters from the north end of
the valley. Traversing the valley, the road then turns south along the eastern ridge slope base,
continues the length of the ridge, then turns west, eventually rejoining the entrance. The eastern
and western sections of the road form part of the project area boundaries.

A second ridge separates MƗhƗ‘ulepǌ Valley from Paa Valley, an ahupua‘a on the west
(Figure 3). The north end of MƗhƗ‘ulepǌ Valley is formed by Ha‘upu Ridge and dominated by
Mount Ha‘upu (Figure 4 and Figure 5). There are named peaks on all three ridges. South of the
project area lies Kapunakea Pond, a relictual water feature. MƗhƗ‘ulepǌ is literally translated as
“and falling together” (Pukui et al. 1974:138), a likely allusion to the ridges bordering the
expansive valley.

The project area is situated entirely within MƗhƗ‘ulepǌ Valley, on the southeastern side
of the island of Kaua‘i (see Figures 1 and 2). The project area does not extend up any of the
adjacent slopes or ridgelines on the east, north, or west, and does not extend south beyond
MƗhƗ‘ulepǌ Road. MƗhƗ‘ulepǌ Valley is separated by a ridge from Aweoweonui Valley, within
Kipu Kai Ahupua‘a, to the east. The ridge is of interest because the northern end is composed of
basalt, the middle is limestone, and the southern end is composed of the Haula Sand Dunes. The
ahupua‘a boundary with Kipu Kai crosses this ridge, and the beach front boundary of
MƗhƗ‘ulepǌ Ahupua‘a extends from Kawelikoa Point in the north to Makahuena Point in the
south.

PROJECT AREA LOCATION AND ENVIRONMENT
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MƗhƗ‘ulepǌ lands below Ha‘upu ridge are part of the Koloa series that cloaks most of the
eastern half of Kaua‘i. The series formed as the Kaua‘i volcano ceased major eruption and began
to erode, with occasional small eruptions at lava domes, cinder cones, and spatter cones. These
produced a layer of lava that, though not large in mass, nevertheless covered a large area. Koloa
volcanics within the study area at MƗhƗ‘ulepǌ include both underlying lava and visible vents,
ranging from 0.5 to 2.0 million years in age (Blay and Siemens 2004).

The Ha‘upu Mountains that flank the project area are composed of the most ancient
volcanic series in the high islands, the Waimea Canyon Basalts (NPS 2008:11). These formed
during the shield-building stage of the Kaua‘i volcano, as eruptions gradually built up its sides
and widened its base. Most of the Ha‘upu range is part of the ancient Napali member of the
Waimea series, dating from 4.35 to 5.1 million years ago. The caldera of Mt. Ha‘upu is a
separate Ha‘upu member and remains undated. (Blay and Siemens 2004).

SOILS, LANDFORM, AND VEGETATION

The climate of the project area is not extreme, with rainfall accumulating at an average
rate of 53 inches per annum, with average temperatures ranging from 72-86 degrees in the
Summer and 64-80 degrees in the winter (NPS 2008:7).

project area. Smaller ditches run both parallel and perpendicular to the two larger ditches. The
Main Ditch and MƗhƗ‘ulepǌ Ditch join south of the project area to form what is then referred to
as Waiopili Stream. Waiopili Stream eventually joins a natural spring and the remnants of
Kapunakea Pond, then runs by Waiopili Heiau, one of the most significant cultural sites on
Kaua‘i, and on to the ocean. Land Commission Awards (LCA) along MƗhƗ‘ulepǌ Ditch in the
center of the valley are noted as being in Kawailoa Ili, but it is unclear if this stream also went by
the same name (see below).

Figure 4. Project Area Overview. View to Northwest.
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Figure 3. Project Area Overview. View to Southwest.
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Figure 5. Project Area Overview. View to North, Center of MƗhƗ‘ulepǌ Valley.
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Twelve different soils within MƗhƗ‘ulepǌ Valley are identified on a USGS/USDA Soil
Map kindly provided to the field crew (NRCS 2006, Hawaii Dairy Farms LLC; Figure 6).
During pedestrian survey of areas with sparse or no ground vegetation, the transition of soils was
visibly recognizable. The soils map has also been divided into Hawaii Dairy Farm interior
designations (P=paddocks) and details the various soil regimes across the valley floor, these soil
differences most likely a product of water, whether through transport, ground water, or run-off
deposition.

Soil Mapping

Soils within the valley have been classified as LPE or Lualualei Series, composed of
extremely stoney clay (Foote et al. 1972: Sheet 32). This series consists of well-drained soils on
the coastal plains, alluvial fans, and on talus slopes. They are nearly level and gently sloping.
Elevations range from 10 to 125 feet above sea level, with annual rainfall amounts to 50 inches
per year. There is a prolonged dry spell during the summer. These soils are associated with
sugarcane, truck crops, pasture, wildlife habitat, urban development, and military installations on
Kaua‘i. Associated vegetation consists of kiawe, koa haole, bristly foxtail, uhaloa, and
fingergrass. This soil type, extremely stony clay, was identified in several trenches during the
current project, with most stratigraphic trenches excavated on the valley floor being composed of
a shallow O-horizon overlaying brown/yellow clays (see below). In other words, there are
exceptions to the general soil survey.

Soils on the slopes of the valley are also identified as associated with the KEHF series or
Kalapa very rocky silty clay (Foote et al. 1972: Sheet 32). This is a well-drained soil that occurs
at the base of slopes and is associated with moderately sloping to very steep topography.
Elevations range from 200 to 1,200 feet above sea level, with annual rainfall amounts between
60 to 100 inches. Associated vegetation consists of guava, lantana, sensitive plant, pilipiliula,
ohia, Japanese tea, and ferns.

Portions of the valley’s slopes have been identified as rRK, Rockland (Foote et al. 1972:
Sheet 32). This is composed of areas where exposed rock covers 25 to 90 percent of the surface.
Rock outcrops and very shallow soils are the main characteristics. The rock outcrops are mainly
basalt and andesite. This land type topography is characterized as nearly level to very steep.
Elevations range from near sea level to more than 6,000 feet, with annual rainfall amounts
between 15 to 60 inches. The vegetation at lower elevations consists mainly of kiawe, klu,
piligrass, Japanese tea and koa haole.
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Figure 6. Soil and Paddock Map of MƗhƗ‘ulepǌ Valley (USDA; Soils NRCS 2006).
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Hawaiian aquaculture was extensive, with the construction and maintenance of coastal
and riverine fish ponds. Their fishing ranged from shoreline to pelagic with different strategies
for each. In order to maintain and benefit from all of these resource zones, Hawaiian polities
were organized into ahupua‘a which gave residents access to a wide array of resources extending
from mountain top forests to deep sea fishing zones. Ahupua‘a boundaries could expand,
contract, appear, and disappear, as dependent upon political events. Given the size of
MƗhƗ‘ulepǌ Valley and environs, this ahupua‘a was highly valued.

Prior to European Contact (1778), Hawaiians cultivated taro in both irrigated and dry
fields. Other dryland agriculture crops included ‘uala (sweet potato), uhi (yams), maia
(bananas), ipu (gourds), and ko (sugar cane). Grasses were utilized for thatching the roofs of
structures and covering floors, which were then covered by hala mats. Important arboreal crops
included niu (coconut) and ulu (breadfruit). Other trees were utilized for the construction of
canoes, house frames, tools, and weapons, matting, and sails from hala (pandanus). Kapa cloth
from wauke (paper mulberry) was also tended. There were a variety of medicinal plants utilized
and plants such as olona, grown to provide fibers for making cordage (Handy and Handy 1972).

Early settlement and agricultural development is thought to have been first established on
the windward sides of the Hawaiian Islands sometime in the A.D. 900-1000 range on Kaua‘i
during what is known as the Colonization Period (Kirch 2011:22). Most likely arriving from east
Polynesia, these early inhabitants brought with them a variety of tools, fishing gear, and
household goods. Dogs, pigs and chickens were brought by these Polynesian voyagers for food.
The Polynesian rat also arrived with the voyagers, but whether these were intentionally
transported as a food source is under consideration. Considering that every food crop cultivated
by the Hawaiians arrived with them shows a considerable knowledge not only of the planting
and harvesting of these crops but the ability to transport their seeds, cuttings, and roots.

TRADITIONAL AND HISTORIC SETTING

The project area has been utilized for commercial sugar cane cultivation and/or livestock
pasturage since the middle of the 19th century and thus, is fairly clear of any vegetation.
Currently, most of the property lies fallow with the soils exposed. Some of the areas are covered
with grasses up to 0.3 m tall, and smaller areas at the northeast and northwest ends of the valley
are 100% covered by grasses up to 2.0 m tall. Within the project area are very few scattered koa
haole and java plum trees, these occurring outside the main valley footprint which has been
extensively cleared for well over a hundred years. The slopes of the valley outside the project
area are forested.

The son of Kaeokulani was Kaumuali‘i. Born around 1780, the young king went through
a period where a Regent (an older relative) made the decisions, but Kaumuali‘i eventually came
18
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After the death of Cook, the journey continued, now under the command of Captain
Clerke. The ship passed O‘ahu, and returned to Waimea, Kaua‘i. After their departure a short
time later, it would not be until 1786 that Europeans returned to the Hawaiian Islands, with
Waimea (Kaua‘i) receiving her share of British and American vessels focusing on the lucrative
fur trade in the Pacific Northwest. These visits coincided with, and perhaps accelerated, the
growing conflict for control of the eastern islands. Beginning in approximately 1790, battles on
and around Maui, Molokai, and Hawai‘i Island between several rulers occurred with increasing
ferocity. Safely in control of Kaua‘i, Kaeokulani became a participant, bringing fleets of warriors
to assist his half-brother on Maui. Many European and American ship captains had contact with
all the rivals, and a fairly coherent chronology of events is known. What certainly is known is
that Kaeokulani was killed during a battle in Honolulu in 1794 while fighting his nephew
Kalanikupule, who had taken rule of Maui and O‘ahu upon the death of his father Kahekili in
Waikiki, several years earlier in 1791 (Ridley 2010).

After a short time on Kaua‘i in the early months of 1778, Cook departed to continue the
search for the Northwest Passage. A year passed after which Cook returned to the Hawaiian
Islands. This time, Maui was sited and briefly visited, but the island of Hawai‘i became the focus
of the remainder of the voyage of Cook and ultimately of his demise, at Kealakekua Bay
(Salmond 2003).

Cook found a manageable anchorage at the mouth of Waimea River. Several trips ashore
by him and a select group of his officers, marines, and crew led to generally good relations with
the Hawaiians. It is unclear what Cook and the others learned about the politics of Kaua‘i and her
eastern neighbor. It is probable that at this time (1778) Kaeokulani was ruler of Kaua‘i. He was
of high rank, a chief born on Maui, and the half-brother of the paramount king of Maui,
Kahekilii.

The voyage put him within sight of the island of O‘ahu, but adverse winds prevented his
arrival. Continuing on to Kaua‘i, he sighted Wailua, but could not make landfall. The ships
continued southwest and then westward, past Mt. Ha‘upu and MƗhƗ‘ulepǌ Valley. Both were
sketched and drawn by expedition artist John Webber, the first European artwork to depict a
Hawaiian Island.

he had during previous journeys, Cook visited Tahiti and it was from there that he set out for the
northern Pacific coast of North America.

The third voyage commanded by Captain Cook was undertaken primarily to discover the
fabled Northwest Passage, which supposedly linked the Pacific, Arctic, and Atlantic Oceans. As

EUROPEAN CONTACT AND THE KAMEHAMEHA DYNASTY

In early 1778 Captain James Cook and the two ships under his command, H.M.S.
Resolution and H.M.S. Discovery arrived off of Kaua‘i. Finding that they could not make land
fall at Wailua, Cook continued westward until reaching Waimea. This would be the beginning of
contact between Europeans and Hawaiians (Salmon 2003).

As discussed more below, pre-Contact sites have been most commonly identified in
coastal or near coastal areas, locations removed from intensive sugar cane production. Initial
settlement is presumed near the coastline in the A.D. 1000-1200 range, with expansion inland
during the A.D. 1400-1600s, as was typical across the islands (see Kirch 1985). Agricultural
field systems were created at these inland areas, closer to fresh water resources and soil more
amenable to kalo and sweet potato production. Permanent habitation locales were present from
the coast to this more inland area, with ceremonial sites, walls, and other associated structures
being built. Within the mountainous areas, such as at the back of MƗhƗ‘ulepǌ Valley, temporary
habitation loci such as rockshelters/caves or small enclosures (C-shapes) would have been
utilized by those gathering upland resources. The middle zone, such as MƗhƗ‘ulepǌ, was ideal
for agriculture and homesteads, as witnessed by the numerous LCA’s occurring in a small
section of the valley later. However, historic land use obliterated much of the archaeological
signatures for these settlements.

The primary residence of the high king was in the Wailua River region of Kaua‘i, with
miles of cultivated lands, mountain resources, religious sites, and shoreline to pelagic fishing.
Broad stretches of beach allowed for canoe landings but there was no deep water anchorage,
despite the presence of the Wailua River.

Initial Polynesian settlement of Kaua‘i occurred in the resource-rich regions surrounding
Wailua River, on the east coast, the equally verdant Waimea River region on the southern coast,
and the Hanalei region on the north coast (Joesting 1984). As with all the Hawaiian islands, each
district and region was eventually settled. These settlements developed into polities which allied,
warred, and co-existed with one another until Kaua‘i came under unified rule of a single king.
This process occurred in different stages on different islands. Because of the relative distance of
Kaua‘i from O‘ahu, Molokai, Maui, Lana‘i, and Hawai‘i Island, the politics of Kaua‘i and her
neighbor Ni‘ihau became their own entity, while the other islands struggled first for internal
control and later, for the conquest and rule of several, and ultimately all, the islands.

PRE-CONTACT ERA
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The upland forests were scoured, crops were neglected, commoners suffered malnutrition
and disease, chiefs went into debt to foreigners, and Liholiho was hard pressed to find new
resources for his chiefs to exploit. Kaua‘i appeared to be the answer. While continuing to honor
the arrangement made by his father, Liholiho arrived on Kaua‘i in 1822, visited with Kaumuali‘i,
and then kidnapped him, returning to O‘ahu with his captive. In order to secure the rule of
Kaua‘i, Kaumuali‘i was forced to marry not an heir of Kamehameha, but his wife, Ka‘ahumanu.

At first, the sandalwood revenue went solely to the paramount chiefs, Kamehameha and
Kaumuali‘i. However, with the death of Kamehameha, nearly all of his chiefs called upon the
young heir, Liholiho, and the Regents, among whom was Ka‘ahumanu, the favorite wife of
Kamehameha but not mother of his heirs, to allow the chiefs to harvest sandalwood for their own
profit. This practice would affect and disrupt the rule of Hawai‘i and the welfare of the common
people for decades.

This arrangement lasted between 1810 and 1822. It endured the death of Kamehameha
the Great in 1819. During these 12 years, Kaumuali‘i solidified rule of his kingdom and engaged
in efforts to gain foreign weapons and support from the Russian Fur Company (Mills 2002). Also
during this time, the trade in sandalwood flourished. Harvested in the Hawaiian Islands, traded
for goods to European and American captains, and sold in the Chinese trade ports of Macao and
Canton, sandalwood became the first Hawaiian cash crop (Ridley 2010). The Hawaiians called it
laau ala (sweet wood) or iliahi (fiery surface) for its reddish blooms. They used this wood for
scenting bark cloth, making dyes, and for medicinal purposes (Ridley 2010).

Kamehameha had difficulty solidifying his rule. Rebellions, plague, and appeasing
subordinates all kept him from mounting more than two serious efforts at physical conquest of
Kaua‘i. The first effort to fail occurred in 1796 when Kamehameha sailed with an invasion fleet
for Kaua‘i. Hit by a heavy storm, the fleet turned back to O‘ahu (Kamakau 1961). The second
effort failed in 1804 when Kamehameha mustered his forces on O‘ahu. The army fell victim to
Oku‘u, a smallpox epidemic. Kamehameha himself almost died, and far too many of his troops,
counselors, and their families did succumb (Kamakau 1961). In 1810 Kamehameha used
diplomacy, suggesting that he rule the eastern islands in name and deed, while Kaumuali‘i
acknowledge his suzerainty but continue to rule Kaua‘i and Ni‘ihau. It was agreed that the
arrangement would end with the death of Kaumuali‘i and that rule would then pass to the heirs of
Kamehameha. It was an arrangement that Kamehameha and Kaumuali‘i would honor, but that
the heirs of Kamehameha would not (Joesting 1984).

to rule on his own. The remainder of his days was spent trying to keep Kamehameha, who had
consolidated the rule of the other islands, from bringing Kaua‘i in as well.
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George Kaumuali‘i and a number of Kaua‘i chiefs forcefully resisted the rule of the
Kamehameha line, and their revolt was crushed. As with many Byzantine events in Hawaiian

Ka‘ahumanu was one of Kamehameha’s primary wives, his favorite in fact, but not of
sufficient rank to be mother of his heirs. It appears she never bore the king, or anyone else, any
children. From her actions following his death in 1819, it is apparent that Ka‘ahumanu
considered herself Kamehemeha’s heir. The mother of the heirs, Keopuolani, died in 1823. Her
first son was Liholiho, born in 1796, made king in 1819, and died visiting London in 1824. Her
second son was Kauikeaouli Kamehameha III, born in 1813. Her daughter, Nahienaena was born
in 1815 (Day 1984). With the death of Liholiho and his mother, Ka‘ahumanu became Regent of
the kingdom until Kauikeaouli would come of age. Her rule of Hawai‘i in general, and Kaua‘i
specifically, was adroit, intelligent, and shrewd.

THE REGENCY OF KA‘AHUMANU

The independent rule of Kaua‘i came to an end in 1824 with the death of Kaumuali‘i.
This same year, the heir of Kamehameha, Liholiho Kamehameha II also died. The kingdom of
Hawai‘i would now be ruled by a queen.

The practice of allowing individual chiefs to harvest sandalwood was carried over to
Kaua‘i. How many Kaua‘i chiefs retained their lands is not certain. What was certain is that the
mountains of Kaua‘i, including Ha‘upu, yielded the valuable resource. And practically the only
place that it could be shipped was from the only secure anchorage at Waimea River. Waimea
also served as a provisioning port of call to the growing number of whaling ships that began to
appear in the Pacific.

While still titular ruler, the king did not exercise any power. Governors were appointed
by the Regents, the first of these being the brother of Ka‘ahumanu, named Kahekili
Ke‘eaumoku. Beginning with this Governor, land acquisitions beneficial not just to the
Kamehameha line but to their powerful subordinates started.

Ka‘ahumanu had been instrumental in the overthrow of the kapu system of Hawaiian
governance and social behavior, as well as one of the earliest and most prominent proponents of
conversion to Christianity. That she utilized polyandry to achieve control of Kaua‘i is just one
example of her abilities to utilize both traditional and introduced ways of life to achieve her goals
(Joesting 1984).

To ensure her hold, she also wed her new husband’s son, Keali‘iahonui. This second marriage
was later dissolved. However, ties between dynasties stayed strong as Kealiihonui married a
granddaughter of Kamehameha, named Kekauǀnohi (Mills 2002).
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On Kaua‘i, and in MƗhƗ‘ulepǌ Valley specifically, a number of land claims were made
by residents who had been allowed use of the land during the reign of the previous king. In the
valley, LCA 5080 to Kiko, LCA 4767 to Napaliala, and LCA 4769 to Nahuma, for example,

LAND COMMISSION AWARDS

Ka‘ahumanu ruled as Regent until her death in 1831. A daughter of Kamehameha,
KƯnaދu, took over as regent until 1834 at which time Kauikeaouli Kamehameha III took the
throne. He had lived on Kaua‘i as a boy under the protection of Kaikioewa but had spent the
majority of his youth on O‘ahu. Ruling until his own early death in 1854, his reign was
admirable for its civil rights, efficiency, and the creation of the Great Mahele, by which land
awards to commoners and granting ownership to the disenfranchised was achieved. In
MƗhƗ‘ulepǌ, there were many Land Commission Awards (LCA; see below), but the majority of
the acreage was retained by the government and/or the crown. During his reign, there was an
increase in the number of immigrants from Europe, the United States, and China. Missionaries,
merchants, laborers, and farmers of multiple nationalities added to the diversity and complexity
of the Kingdom.

During his term as governor, Kaikioewa claimed Ha‘upu Ridge, to the east/northeast of
MƗhƗ‘ulepǌ, as his personal sandalwood reserve. One of the duties Hukiko performed may have
been overseeing the efforts to harvest sandalwood from the ridge and transport it to foreign ships
at Waimea or Koloa. Eventually the governor would, as did so many other ali‘i, go into debt to
foreign captains and merchants. When the sandalwood ran out, it is not clear how Kaikioewa
paid his bills (Joesting 1984).

The first long term governor during the regency was Kaikioewa, a high chief born at
Waimea, Kaua‘i. He was a first cousin and brother in law of Kamehameha, a guardian of
Kamehameha III, and a principal leader in crushing the 1824 rebellion (Mills 2002). He reigned
as governor from 1825 until his death in 1839. During his tenure, we know of at least one
konohiki, or land manager, for MƗhƗ‘ulepǌ. Documents show that in 1826, Hukiku was konohiki.
He was in attendance that year during a visit by the governor. Kaikioewa was accompanied by
missionary Samuel Whitney of Waimea, who left an account of this event. It is unknown if
Hukiku was Kaua‘i born, or one of the conquerors invested with this stewardship. He may be the
chief Kukiku, who Kaikioewa named commander of Paulaula o Hipo, also known as “The
Russian Fort” (Mills 2002).

history, some Kaua‘i chiefs stood with the old, while others stood with the new. In this case, as
with any other, people chose what they thought would benefit them most. Those who rebelled
had their lands and lives taken, while those who did not, benefitted.
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The Mahele was yet another drastic change in the lives of Hawaiians. Commoners, also
known as maka‘ainana, had for centuries been allowed use, but denied ownership, of the lands
they worked. This changed in the late 1840s when private ownership of lands was made into law.
Certainly ali‘i, or nobles, had the better of the deal, but commoners were allowed to claim,
through right of labor and longevity of occupancy, Land Commission Awards (LCA). King
Kauikeaouli Kamehameha III was a sovereign brought up in the old ways who saw that some
things must change, and orchestrated this new policy. A legal process was established, in which
land claimants testified, and had others support their testimony, before a Commission appointed
by the king. Traditional land use was communal and land use was often dendritic, following the
course of streams and occupation zones from the coast to the mountains. Claimants were often
related and the lands they claimed were as varied in their usage as there were in their location.
For a traditional ahupua‘a to work, those mauka had to work with those makai and with the
private ownership offered through the Mahele, the risks became greater. A commoner who did
not own the land could not go into debt. One who did could achieve profit or debt.

were all claimants who had tenure from Kaumuali‘i. It is presumed that their neighbors had
similar histories (Ching 1974). That these residents all received their awards is notable because
their claims were based on the right of use granted by the former ruler, and not by permission of
the Kamehameha Dynasty. Figure 7, an 1854 map of the valley, depicts a “house” and “cattle
pen” in the northern part of the valley and the LCA’s just below, in what today is the mid-section
of the valley cum project area. An 1897 survey map by Monsarrat (Figure 8) shows a close-up of
the LCAs.
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Figure 7. 1854 Topographic Map of MƗhƗ‘ulepǌ Valley Showing Location of “House”, “Cattle
Pen”, and LCAs in Mid-Valley.
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Figure 8. 1897 Monsarrat Map of LCAs in MƗhƗ‘ulepǌ Valley.
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Many of LCAs for MƗhƗ‘ulepǌ are tightly clustered within the ‘Ili of Kawailoa, which is
within the current project area (Figure 9). There is a cluster east of MƗhƗ‘ulepǌ Ditch near the
center of the valley. The remainder of the valley was deemed crown land. Below are some of the
claimants of these parcels. It is interesting to note the estimated population of this portion of
MƗhƗ‘ulepǌ Valley at this time. In 1848, 46 male names appear in genealogical records (M.
Ching, LDS Records). If one were to reasonably add one wife and at least one child per
household, the population would have been 138 persons. In 1855, a total of 36 male names occur
in the MƗhƗ‘ulepǌ records. Using the same figures, the total would have been 108 persons. This
represents a fairly sizeable population for this upper valley at that time, all likely associated with
the LCAs.

Land claim testimonials are complex documents. Boundaries are defined in a variety of
ways. Land divisions descend in size from ahupua‘a to kuleana to ‘ili, thence apana, and finally
mala, which are individual garden plots, fields and/or lo‘ i (Pukui 1957). Other boundaries are
defined by names of neighboring occupants or by use of the land. Testimonies were given
regarding which chief had granted the occupant use of the land. This is compelling, because
occupants claimed title based on grants from Kaumuali‘i, last independent king of Kaua‘i, to
Kaikioewa, governor from 1824 to 1839 for the Kamehameha Dynasty, to his konohiki for
MƗhƗ‘ulepǌ, Hukiki. They invoked the names of Ka‘ahumanu, the Regent for nearly a decade, to
KƯnaދu, regent and half-sister to King Kauikeaouli Kamehameha III until he took the throne.
Some claims were contested, others were not, and some were won on appeal. When one studies
the LCAs of MƗhƗ‘ulepǌ, it can be seen that claims of land, in a variety of places, for a variety of
uses, were made by individuals throughout the ahupua‘a. With modern ownership, a traditional
lifestyle could be maintained, but once individual plots began to be sold, and relationships were
sundered, life for the commoners and nobles alike began to change drastically.

Figure 9. Modern TMK Map of MƗhƗ‘ulepǌ Valley Depicting Land Commission Awards.
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LCA 5080 Kiko took over waste land, built his own fences and dug his own salt pond in
the ‘Ili of Kawailoa. The date of occupancy is not given but it probably was later than
Kaumuali‘i, for Kiko’s lo‘i came from KƯna‘u ’s time. KƯna‘u was a daughter of
Kamehameha, mother of the kings Kamehameha IV and V, and was regent between the
death of Ka‘ahumanu and the ascendancy of Kamehameha III, her half-brother. The
reference to waste lands is intriguing. Some (Ching 1974) have taken this to mean that a
declining population is clearing previously untouched lands for cultivation. Others (Putzi
2014) feel that waste lands are areas that were previously cultivated but, left unattended
because of declining population and hence overgrown, are being brought back into
production because of the incentive of individual ownership. It may be that ownership, as
well as the threat of feral cattle and pigs, led to the construction of fences, either stone or
wooden posts, to delineate property boundaries.

LCA 4910 Kahee claimed property in the ‘ili of Kapakalehu; this property in the late
1840s had one orange tree. The konohiki contested the title of the claiming that
Governess Kekaonohi had given it, and two more to him and that he had cared for them,
harvesting the fruit. Kahee never collected the oranges but contended that the governess
had no right to give the trees to the konohiki as they had belonged to Kahee’s parents,
who had planted them and he was the rightful heir. That was the foundation of his claim.

LCA 4769 was another native who occupied lands previous to 1824. One piece was
wasteland when he took it over, built on it, and fenced it with stone. In addition he
received on the death of relatives other lands occupied previous to 1824: 2 lo‘i in the ‘Ili
of Kauki‘i, which had belonged to his wife through her parents; 7 dry taro patches in
Kioea received through his father-in-law, kula land at Waipa which his brother had taken
possession of, planted orange trees and cultivated; and two salt ponds. Nahuma appears
to have been an affluent native.

LCA 4767 Napaliala received his lands in the days of Kaumuali‘i who died in 1824. This
was waste land when Napaliala took it over, occupied it, and developed it. He died in the
late 1840s and his wife then possessed the land.

The following are names and LCAs that are on the LCA map within the project area and
are mentioned in previous literature (Ching 1974). Claimants used owners of adjacent lands as
boundary references and/or supporters of their claims. Many claimants were related in some
way. The LCAs within the project area often had claims downstream of MƗhƗ‘ulepǌ Ditch on the
coast.
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It is worthy to note that all the LCAs in the MƗhƗ‘ulepǌ project area are confined to a
central area, on the east side of MƗhƗ‘ulepǌ Stream (see Figure 9), with the remainder of the
valley claimed as Crown Lands. These LCAs, noted above, form a tight cluster. Of additional
interest, during the height of the sandalwood trade the adjacent Ha‘upu Ridge was claimed by
Kaikioewa. It would appear that after his death in 1839, these mountain claims would revert to
government control.

The testimony of Mika says much about how Hawaiians utilized the landscape. Parcels
were utilized for the cultivation of several food crops, for raising fish, and the growth of wauke
for the production of kapa cloth. Except for the orange trees, this is a classic example of
Traditional Hawaiian life. The mention of sweet potato enclosures is interesting because ‘uala
were raised in long rows of intermittent mounds. It may be that these fields were fenced in to
protect them from pigs or cattle, or that land ownership required definitive boundaries.

The Land Commissioners, greetings: I, Mika, a Hawaiian subject living in
Mahaulepu, hereby state my claim for 4 lo‘i, 5 sweet potato enclosures, 4 mala of
noni, and 3 orange trees. However, these claims are not situated together, but are
in various cultivated places of Mahaulepu, also 1 mala of uhi/yam/ a kula
planting of wauke and one other lo‘i. 1 loko/ either fish pond or taro pond/ and
13 lo‘i are bounded 80 fathoms on the east, 80 fathoms on the south, 20 fathoms
on the west and 10 fathoms on the north. That is my claim which was received
from Ahukai. There is also a kula named Hoopouliloa. Respectfully, Mika

LCA 6667 Mika received lands from Ahukai. LCA 4543: on the LCA map but no further
information has been gained. Mika received lands from Kaikioewa in the days of Kinau.
His testimony reads:

Greetings to the Land Commissioners: Be it known to you, the ones who quiet
land titles, that I, Naahuao, a man living at Mahaulepu, island of Kauai have a
claim for land, and the kula. The genuine land is 56 fathoms long by 26 fathoms
wide. The mala of noni is 26 fathoms long by 13 fathoms wide. The salt land is 6
fathoms long by 4 fathoms wide. Another salt land is 10 fathoms long by 7
fathoms wide. A house lot is 28 fathoms on the long sides and 25 fathoms on the
wide side. My message is ended. A respectful farewell to you, Naahuao (Mahele
Database).

He gives his testimony as follows:

LCA 4770 Naahuao. The land came to Naahuao through his father, who was granted the
land by Hukiku, the konohiki of MƗhƗ‘ulepǌ during the reign of Governor Kaikioewa.

Other claimants shown on the LCA map were identified in the Mahele Database, but not in
Ching’s (1974) report.
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Koloa Plantation commenced growing sugar cane in MƗhƗ‘ulepǌ Valley in 1878, a
practice that continued for almost one hundred years. A total of 875 acres of the flat valley floor
was made available. The land was level, sheltered, and with a good underground water supply.
Work began on the infrastructure necessary. One initial problem was the ground water. Some of
the valley was saturated and had to be drained off, the water diverted to irrigate drier fields
(Alexander 1985). Sugar cane requires much water so in 1897, the Koloa Plantation excavated
several wells to irrigate the cane in MƗhƗ‘ulepǌ (see Donohugh 2001 and PBR 2011).

The sugar industry grew sporadically between 1845 and 1875. At this latter date, the
Hawaiian Government scored a coup of its own when a reciprocity treaty with the United States
was negotiated. This allowed all unrefined Hawaiian sugar to be admitted into the United States
duty free. The cultivation of sugar was going to become profitable (Alexander 1985:74).

Sugar cane began to be grown and milled commercially in MƗhƗ‘ulepǌ Valley and
around Koloa in the 1820s, one of the first places in Hawai‘i where sugar was commercially
grown (Donohugh 2001). The earliest efforts were undertaken by Chinese immigrants who had a
small mill in MƗhƗ‘ulepǌ, as well as in Koloa and other parts of the island. The mills were small,
producing raw sugar and molasses for local consumption. By 1835, however, many of these
farmers were out of business and were later employed by new plantation owners. In 1835 the
Koloa Plantation, owned by Ladd and Company, was up and running, the first attempt at
producing industrial-level sugar cane. The land was leased for a fifty year period from Kaua‘i
Governor Kaikioewa and King Kamehameha III. Importantly, the lease was the first of its kind
in Hawai‘i and represented the first formal recognition that someone other than a chief could
control land use (PBR 2011). Koloa Plantation, established in 1841, is universally known to be
the first formal sugar cane plantation in the islands. Ladd and Company was the first owner of
the Plantation but financial difficulties caused them to sell in 1845. Robert Wood and his
brother-in-law kept the plantation going however.

SUGAR AND THE HISTORIC ERA OF MƖHƖ‘ULEPǋ

The Governor of Kaua‘i in 1842 was Kekauonohi, the granddaughter of Kamehameha
who had wed Keliiahonui after having been a wife to her uncle Liholiho Kamehameha II. During
her governorship she partook in land exchanges, consolidating her grants in MƗhƗ‘ulepǌ and
Koloa. These consolidated lands would become the basis for the next cash crop, one that could
be rejuvenated and continued, unlike sandalwood. From the 1830s until the 1980s, sugar would
be the economic focus of MƗhƗ‘ulepǌ. Remnants of industrial-level sugar cane cultivation in the
area represent the greatest number of historic properties documented during the current AIS
study.
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The thick clay soils were difficult to till using plows pulled by teams of oxen. However, with the
introduction of steam powered tractors, more land began to be put into production. Development
began to escalate at the start of the 20th Century. The number of laborers increased from 430 in
December, 1900 to 769 in July, 1901. In February, 1904 it was reported that 600 out of 730 men
were “working on permanent improvements.” Infrastructure modifications in the valley
intensified at the start of the 20th Century with the excavation of canals, reservoirs, and wells. A
narrow gauge railway was also constructed in the valley. It extended from Koloa Mill to
“Maha‘ulepu 14”, a series of wells on the valley floor at the northwestern end of the valley itself,
within the project area. The railway tracks were movable but no evidence of them was found in
the valley during the current AIS. Other portable narrow gauge rail systems were utilized to
facilitate the harvest.

Irrigation ditches at both the north and south ends of the reservoir served to transport
water to the crops and to receive water from existing streams descending from Ha‘upu Ridge
(Alexander 1985:97-98). A pumping station and full-time resident staff with their families lived
in a camp here. The larger north to south, excavated irrigation ditch that extends the length of the
valley was excavated but does not appear on the 1935 Koloa Plantation map SEE MAP.
Intensification of irrigation efforts which added to the waters provided by Maha‘ulepu Ditch
began after this date.

The various parcels around Koloa went through a succession of owners until 1864 when
George N. Wilcox consolidated and purchased all of MƗhƗ‘ulepǌ Valley and coastal lands, and
founded Grove Farm Company. By 1897 the main source of irrigation water for the valley came
from the ground water. At the northwest end of the valley six wells were drilled and the water
was pumped approximately a quarter mile to the north into the recently constructed MƗhƗ‘ulepǌ
Reservoir (Figure 10). The area of the wells was known as “Maha‘ulepu 14”, probably because
that was the number of wells eventually drilled and/or in service. The primary source of
irrigation water for MƗhƗ‘ulepǌ appears to have been six wells drilled in 1897. Four more were
drilled later and all were located near the western side of the valley. These wells pumped water
to MƗhƗ‘ulepǌ Reservoir, where it was stored and released, when needed, to various parts of the
valley via the irrigation ditch.

Figure 10. 1912 USGS Territory of Hawai‘i Map Showing Infrastructure.
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The Wilcox Family sold Grove Farms to S. Case in 2000. Until then, from early
cultivation times to modern times, the lands extending from the valley to the sea would be
extensively modified for the cultivation of sugar. Fields would be plowed, streambeds cleared,
irrigation ditches excavated, reservoirs created, roads built, and wells drilled. The mill at Koloa
went through modifications and expansion as more lands came under cultivation and machinery
improved. The entirety of this effort was focused on the cultivation of sugar cane. Some lands

In 1948, Grove Farm Company purchased Koloa Plantation and continued to produce
sugar cane until 1974, when it leased its Koloa lands and mill to McBryde Sugar Company
(Donohugh 2001). Sugar production continued under McBryde until September, 1996 when the
mill officially closed.

That the entire valley (project area) was under intensive sugar cane cultivation is
evidenced by the infrastructure put into the valley through time. Early 20th century maps also
document the extent of the fields throughout the Koloa area. Figure 11 depicts the extent of the
sugar cane fields owned by Koloa Plantation in MƗhƗ‘ulepǌ Valley and environs in 1935. As
evident, the entirety of the current project area, minus the 100 m extension, consists of sugar
cane lands.

While the Plantation owned all the land, they contracted parcels of fifty to one hundred
acres to groups of approximately a dozen men. Koloa Plantation “…furnishes land, seed-cane,
water, fertilizer, and tools, and performs such portions of the work as require expensive
machinery, such as plowing, furrowing and hauling the cane to the mill” (97-98). These
contractors took care of their parcels from planting to harvest, selling the cane to the plantation at
a set price. This method kept the land under one owner, but provided the contractors incentive to
raise a bountiful crop (123).

In 1904, $16,420.81 was spent on additions to the plantation railroad system, including “a
three-mile addition to the Puuhi railroad and a short cut road to Maha‘ulepu”. Considering a
laborer in the fields made about $17 per month, this was quite an expenditure (122).

Figure 11. 1935 Map Showing Distribution of Koloa Plantation Lands.
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The only previously documented archaeological site within MƗhƗ‘ulepǌ Valley that was
given an official state site number is Site -3094. This site is composed of a large boulder sitting
isolated in a pasture at the northern end of the valley. Kikuchi (1963) notes it as occurring some
2 miles inland. Some twenty anthropomorphic figures, two pecked cups (4 inches deep), and a
long groove are etched on the surface (Ching et al. 1974; McMahon 2007; see also Cox and

Within the valley Thrum identified a large heiau named Hanakalauea. It was reported to
have been dismantled in the 1860s by a gentleman named Fredenberg, with the stones then used
to build cattle pens (Thrum 1907). Thrum reports a fourth heiau, named Keolewa, on the crest of
Mt. Ha‘upu (Bennett 1931 Site 90). It is not certain if Thrum or Bennett actually visited the site,
but both did note it as having been a small heiau dedicated to a goddess named Laka (Thrum
1907; Bennett 1931).

In a 1906 study of heiau on Kaua‘i and O‘ahu, T.G. Thrum documented two heiau
named Weliweli and Waiopili (Thrum 1907). The former was not accurately plotted on any map,
while the latter is located along the stream of the same name. This stream descends from
MƗhƗ‘ulepǌ Valley, but is not named as such within the valley itself in any known documents. It
may be that as the stream changed, exiting the valley and flowing through Kapunakea Pond on
its way to the sea that the name was changed accordingly.

The earliest study was by F.K. Farley in 1898. Petroglyphs were exposed beneath sand
dunes at Keoneloa Beach. According to Farley, local residents knew of the petroglyphs and
reported that they had been exposed previously.

There have been numerous archaeological studies along the coast of MƗhƗ‘ulepǌ but
archaeological studies within MƗhƗ‘ulepǌ Valley and inland environs have been limited. Projects
documented closer to the ocean include those conducted by Farley (1898), Thrum (1907) ,
Bennett (1931), Kikuchi (1963, 1980,1981, 1988-d), Ching et al. (1974), Neller (1981,
Rosendahl (1988, 1989), Hammatt (1979, 1989a, b, 1990 a, b) Pietrusewsky (1990), Walker and
Rosendahl (1991) and Firor and Rosendahl (1994).

PREVIOUS ARCHAEOLOGY

were set apart as pasturage, but for the most part, land was used to feed sugar cane into the mill
at Koloa. During the remainder of the Kingdom, then the Republic, through the Territorial
Period, and into Statehood, sugar cultivation and MƗhƗ‘ulepǌ would be synonymous. More
recently, since sugar cane cultivation operations ceased, MƗhƗ‘ulepǌ Valley has been the
location of ranching (2002) and taro cultivation (2007), the latter being done through lease to
W.T. Hara.
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McMahon (1996) conducted an Archaeological Field Inspection of a c. 25,000 sq. ft. area
on the southeast flank of Ha‘upu ridge for potential installation of a radio tower. The project area

Kikuchi (1984) continued archaeological investigations along the coastline of Keoneloa
Beach. Kikuchi documented numerous sites and features and at least one but possibly two
cultural layers that extended along the length of Keoneloa Bay (Kikuchi 1998a). This was the
beginning of an era of extensive archaeological excavations and monitored construction
excavations in this area. Work by Neller (1981), Rosendahl (1988, 1989), Hammatt (1979,
1989a, b, 1990 a, b) Pietrusewsky (1990), Walker and Rosendahl (1991) and Firor and
Rosendahl (1994) followed.

During surface survey of 1,100 acres along the coastal lands of Weliweli, Paa, and
MƗhƗ‘ulepǌ Ahupua‘a, Ching et al. (1974) wrote of Weliweli Heiau “no actual alignments or
other features were noted at the reported location of this temple. This site has either been
completely destroyed or is located elsewhere” (Ching et. al. 1974:81). During this project the
archaeologists found and sketched the petroglyphs at Keoneloa (Site 84), found sand dune
burials ( Sites 3096, 3097 and 3024) and re-located Waiopili Heiau (Site 87). They also located
Waiopii Pond and Kapunakea Spring, but these were not given site designations (Firor and
Rosendahl 1994).
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The most recent comprehensive effort at documenting the biology, botany, geology,
ecology, and archaeology of the region is that compiled by the National Park Service (NPS;
2008). “The MƗhƗ‘ulepǌ, Island of Kaua‘i Reconnaissance Survey” published in 2008 consists of
an effort by the NPS to re-identify multiple natural and cultural features in MƗhƗ‘ulepǌ Valley
and environs. The goal was to argue for the importance of conducting a more thorough natural
and cultural study of the area along the south east coast of Kaua‘i from Koloa to Poipu, and
northward along MƗhƗ‘ulepǌ, Kipu Kai, Niumalu, Nawilili Harbor and then to Lihue. Included
in the study is Mt. Ha‘upu and the ridgelines extending from it (NPS 2008). The study presents a
summary of the natural and cultural features for the area and effectively argues for additional
research.

Archaeological surveys and field work were conducted farther to the southwest along
Waikomo Stream by Cultural Surveys, Hawaii, Inc. (Hammatt, et. al. 2004). The terrain this
stream flows through is different from those which flow out of MƗhƗ‘ulepǌ Valley. Features
originating during the pre-Contact era include agricultural terraces, habitation terraces and
platforms, and irrigation auwai along both crests and bases of long, low ridges. This complex of
sites is designated the Koloa Field System.

Beginning in the 1990s, Burney and Kikuchi began excavating Maukawahi Cave and
Sinkhole. “In a single stratigraphic sequence and encapsulated view of the full span of human
occupation, including the millennia preceding human arrival, earliest human evidence,
subsequent population increased and cultural change, European contact, and modern
transformation” (Burney and Kikuchi 2006). Amongst the discoveries are bones of the
Polynesian rat, which dated to 1039-1241 A.D. Because the rats were in the canoes with
Polynesian voyagers, this is some of the earliest evidence for human occupation of this area.
Excavations exposed intact cultural layers as well as culturally sterile deposits. Artifacts such as
files, picks, scrapers, adzes, fish hooks, octopus lures, game stones, sling stones, and hammer
stones were recovered. The preservative qualities of the deposits in the sinkhole are excellent.
Fiber cordage, wooden fragments from canoes, paddles, and tool handles were also recovered.
These materials came from three excavations. There is much potential for more information to be
gained from this site (Burney and Kikuchi 2006).

During an archaeological survey conducted in 1928-1929 Bennett (1931) located or relocated the heiau at Weliweli and Waiopili. The Keoneloa Beach petroglyphs were not exposed
during this visit but he collected information about them from local residents. At this same
Bennett recorded human burials within the sand dunes at Makahuene Point.

Archaeological investigations of coastal lands within the Koloa area were conducted by
Kikuchi (1963). In addition to new sites, he re-located several sites described by Farley, Thrum,
and Bennett. Site 96 (Kane‘aukai Heiau), Site 97 (dune burials), Site 98 (Keoneloa Beach
Petroglyph Field), Site 99 (Weliweli Heiau), Site 100 (Keoneloa Beach Walls), Site 101
(Makaweki Point petroglyphs) and Site 102 (a structure). Since this field work, there has been
some confusion over site designations by both Kikuchi and subsequent work by Rosendahl. Site
locations regarding these named sites has, in some cases, been changed. Indeed, some of the sites
themselves, particularly Kane‘aukai and Weliweli Heiau, may be the same structure. It could be
that different names were recorded by different archaeologists (Kikuchi 1963, 1998a; Walker
and Rosendahl 1990; Firor and Rosendahl 1994).

occurred at the 1,500 foot level. No sites were identified. Of interest was that no trails occurred
along the ridgeline; the area was, as McMahon notes (1996), only accessible by helicopter.

Stasack 1970). The groove may represent a stream, but interpretation is uncertain The site is
discussed more below.

SETTLEMENT PATTERN AND SITE EXPECTATIONS

Archaeological work in Zone I commonly yields habitation sites and features, but there
are rarely the remains of permanent settlements. The potential difficulties of living permanently
in Zone I include dangerous flooding, high winds, and shifting sand. Landscape features can be
quickly buried and/or exposed in Zone I, where more temporary sites, such as fishing camps
were located. Archaeological evidence of activity area, such as tool and gear workshops and
maintenance sites, are also common in Zone I, but these tend to be relatively ephemeral because
they are usually the result of short duration visits. Traditional Native Hawaiian burials are
another important site type in Zone I sediments. Burials in this zone would been located at or
above the typical high tide mare, i.e. near the transition to Zone II, rather than towards the
seashore itself. Note: With the recent increase in beach erosion, burials have been found in more
frequency in these tidal zones.
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Zone I consists of beach sands and adjacent coastal dunes, which include frontal
accretion deposits, backslopes, the crest, and the slip face. Zone I includes the area from the
high-tide water mark of the ocean to the lower portion of the slip face near the interdune area, or,
where the backside of the dune becomes flat and expansive. Zone I sediments are primarily
composed of beach sands. These sands are subject to variable sorting when energy depositional
events such as storm surges or tsunamis lead to the deposition of coarser sand grains while low
energy events can lead to well-sorted, often fine-grained, sedimentary deposition. This is a
dynamic zone in terms of landscaped morphology as it constantly evolves through wind and
tides, particularly if vegetation or modern impediments do not curtail dune migration.

Zone I (Coast)

The model divides the landscape into five broad zones: Coast (I), Back Beach (II),
Marsh (III), Hills/Plateau (IV), and Mountains and Steep Slopes (V). According to the model, the
first three zones (coast to marsh) have been more or less continually utilized, in some way, from
very early times into the present. Especially in traditional times, Zone II has been most important
for habitation for two main reasons: (1) it straddles two highly productive and accessible
ecozones (i.e., marine-coastal and pond-estuary), meaning that its inhabitants could easily exploit
both areas; and (2) in geomorphological terms, Zone II is a relatively stable landform not prone
to flooding from either the sea (as with Zone I) or the uplands (as with Zone III). Note that the
model does not take into account population pressure or chiefly edicts that might cause people to
settle in marginal areas or cause people to pursue less than optimal adaptive strategies.
MƗhƗ‘ulepǌ Ahupua‘a contains all five zones with the project area primarily occurring in Zone
4.

SITE TYPE PREDICTIONS AND FREQUENCY BY ZONE

Particularly for traditional Hawaiians in pre-Contact times, resources and opportunities to
exploit them were distributed unevenly across the landscape, and the archaeological record
should reflect this. The model divides landforms into five general zones, and Dega and Powell
(2003) integrate broad patterns in the known distribution of archaeological finds within these
zones. This allows for more specific-and scientifically testable-predictions than simply the
probability of finding sites in a given location. The model predicts, for example, not only that the
coast and near-coast were more intensely inhabited than the foothills and plateaus, but also that
the types of sites created in these zones would be different. The zone model is therefore based on
empirical data documenting variation in the physical as well as the cultural landscape of Kaua‘i.
As stated, historic impacts on traditional sites should be considered, and some fairly general
observations can be used to predict at least some of these. Here , only general references and
broad trends in the archaeological record of Kaua‘i are relevant.

Dega and Powell (2003) developed a landscape model of variation in physiographic and
environmental zones in eastern Kaua‘i as a way of predicting the general location of traditional
sites and features, including buried sites. This model is being applied across Kaua‘i. [Note,
Hammatt et al. have used a slightly different variation of this zone model idea in numerous
reports (e.g. Masterson et al. 1994)]. This section describes the zone model, as defined by Dega
and Powell, and modifies it slightly to more explicitly include the potential impact of historic
activities on traditional sites (e.g. road cuts, utility excavations, irrigation ditches and pipelines,
sugar cane cultivation), but also the preservation and protection of surface and/or buried
traditional sites. These historic impacts are discussed in relatively broad terms here. Specific
archaeological and historic data directly relevant to the project area are presented in the
following section.

A PREDICTIVE MODEL OF TRADITIONAL SITE DISTRIBUTION.

Prior to European contact the rulers of the Hawaiian islands divided the landscape into
political entities known as ahupua‘a. These landholdings varied in size but shared a few
common traits. Their boundaries extended from the mountains to the sea shore, with fishing
rights extending to pelagic waters. Each ahupua‘a was ruled by single ali‘i, or noble, and the
holdings were managed by konohiki, persons of slightly lesser status. The population was
composed of farmers, fishermen, craftsmen, priests, rulers, and soldiers. Given the size and
natural diversity of MƗhƗ‘ulepǌ Ahupua‘a, there was probably a large population scattered
throughout. Where possible, the boundaries incorporated natural features such as ridgelines and
streams.
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In traditional times, Zone III provided a near-coastal alternative for agricultural
production normally only afforded at locations farther inland. Archaeological work in Zone III
commonly yields evidence of traditional walls, ditches and terraces of the lo‘i (irrigated) field
systems. Fishponds were sometimes located in this zone. Residents on either side of Zone III
could utilize this area for agriculture, aquaculture, and wildlife harvest.

Zone III consists of wet marshland, or slightly depressed pond areas, inland of Zones I
and II. Zone III is amenable to soil catchment (i.e. sedimentary deposition), and is located at or
very near seal level, yet retains more terrigenous characteristics. This marshland does contain
some sandy sediment, but alluvial silty clays and clays from the uplands dominate soil matrices.
Zone III would have a unique econozone for hunting marsh birds for food and feathers, and the
collecting of their eggs.

Zone III (Marsh)

Because Zone II landforms are stable, accessible, near-coastal settings, usually over
relatively level terrain, historic impacts have been severe. These impacts include road building,
residential and commercial construction, excavation for utility trenches, and mining of the sand
for construction purposes.

Archaeological work in Zone II commonly yields permanent habitation sites and burials
from traditional Native Hawaiian occupation. In fact, all manner of sites, and features associated
with settled, near-coastal communities were located in Zone II, and large population centers were
common.

Zone II occurs inland from Zone I, and represents a more stable land surface. This zone
comprises the coastal plain or back beach environment. Like Zone I, Zone II primarily consists
of calcareous sand beaches derived from the decomposition of coral and seashells. These
deposits and associated coralline basements occur far inland in some areas, reflecting the
Holocene high sea stand occurring between c. 5,500 years go and lasting until about 2,000 years
ago (Fletcher and Jones 1996). Zone II represents an area that almost never floods, except in the
rarest of conditions (e.g., a 100 year event). Along the MƗhƗ‘ulepǌ coast there are windblown
modern dunes, and a fossil-rich lithified dune system. (NPS 2008).

Zone II (Back Beach)

Historic impacts in Zone I include the construction of sea walls, jetties, and retaining
walls. Sea walls and retaining walls, in particular, have the effect of stabilizing and sometimes
burying zone I sediments, potentially locking in subsurface deposits. Much of the MƗhƗ‘ulepǌ
coast has been modified in this manner, especially at Poipu and Koloa.
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Zone V consists of the steep slopes of mountains and those of major drainages such as
gullies and ravines. Lands classified as Zone V are typically rugged, remote areas of the terrain
where human occupation and utilization are temporary and/or episodic. Soils and sediments in
Zone V drive from the decomposition of the underlying bedrock. Because of the prevalence of
steeps slopes in this zone, soils and sediments are relatively thin and subject to downslope

Zone V (Mountains and Steep Slopes)

The project area is located in MƗhƗ‘ulepǌ Valley, on level ground that was utilized for
sugar cane cultivation. The intensive transformation of the landscape through clearing, plowing,
and harvesting has removed cultural sites and materials from the valley floor. However, at the
base of slope there is what appears to be an agricultural heiau, and historically other heiau, since
destroyed, were documented within the valley. Agricultural terraces were also located on the
eastern slopes of the valley. Only a small area on the slopes of the valley was surveyed during
this project.

Archaeological evidence has documented a number of site types in Zone IV. (1) Trails
connecting lowland and upland sites and resource areas would vary in construction and size. (2)
Agricultural plots, with terraces and retaining walls, for garden and/or medicinal plants, and
terraces for dry land agriculture such as ‘uala (sweet potato) would be present within this zone.
(3) Arboraculture would have flourished in this zone. The cultivation and maintenance of ulu
(breadfruit) and other tree resources would take place here. (4) Permanent and temporary
habitation sites. (5) Heiau.

Zone IV is characterized by hills, valleys, and grassy plateaus that lead into more
mountainous terrain. Subsurface deposits are dominated by silty clays and clays derived from the
decomposition of underlying basalt, as well as the deposition of alluvial and colluvial clays,
particularly in valley areas. In many places, the soils are also rich in iron and other nutrients
amenable to the cultivation of traditional food crops and historically for the industrial production
of Kaua‘i’s most lucrative commercial crop, sugar cane.

Zone IV (Hills and Plateau)

South of the project area, MƗhƗ‘ulepǌ Ditch, formerly a natural stream, joins with a
natural spring and the remnants of Kapunakea Pond, and regains a more natural appearance. It
continues to the coast, re-named Waiopili Stream (NPS 2008). It flows near Waiopili Heiau, and
a unique site in Hawaiian archaeology, Makauwahi cave. This is a limestone sinkhole with
interior caves containing a complex stratigraphy with the different layers containing evidence of
traditional Hawaiian occupation and the natural deposits accumulated prior to the arrival of the
first voyagers.
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Dates from the coastline fall in the A.D. 1000-1200 range for this part of Kaua‘i, with
expansion inland proposed to have been during the A.D. 1400-1600s, as was a pattern across the
islands (see Kirch 1985). Agricultural field systems were created within inland areas, closer to
fresh water resources and soil more amenable to kalo and sweet potato production. Permanent
habitation locales were present from the coast to more inland areas, with ceremonial sites, walls,
and other associated structures being built near the coast and far upland. Within the mountainous
areas, such as at the back of MƗhƗ‘ulepǌ Valley, temporary habitation loci would have been
utilized by those gathering upland resources. The middle zone, such as MƗhƗ‘ulepǌ, was ideal
for agriculture and homesteads, as witnessed by the numerous LCA’s occurring in a small
section of the valley. However, it appears that historic land use would have erased many of the
archaeological signatures for such settlements/land use. This is evidenced by the presence of a

Site distribution across these five zones is often determined by historic land use, when
landowners and others utilized the same lands as were cultivated and occupied during preContact times. Sometimes these earlier signatures are erased, depending upon the intensity of
historic land alterations; sometimes, however, they are not, as evidenced by the many inland,
pre-Contact sites occurring across southern Kaua`i. Pre-Contact sites are identified in coastal or
near coastal areas, locations removed from intensive sugar cane production, but also in large
valleys and uplands that were not disturbed through time. Heiau, as seen via this report, and
fishponds, among other pre-Contact site classes, are also preserved inland. This pattern occurs
beyond the south shore as well, where pre-Contact sites are preserved inland, such as in Waimea
Canyon and Makaweli, for example. Typically, however, the earliest dates for initial settlement
of an area, for this part of Kaua`i, occur at the coastline. This may because more archaeological
work has been done in these areas than further upland, particularly in the MƗhƗ‘ulepǌ area.

SITE DISTRIBUTION AND CHRONOLOGY

Traditionally, Hawaiians did construct heiau at elevations, but in some instances a natural
place could be considered sacred without an actual structure (i.e., Ha‘upu Ridge). Stone was
quarried traditionally for tools of high grade basalt and the forests were harvested for building
materials. Increasingly through the first four decades of the 19th Century sandalwood was
collected until near extinction, which increased the risk of erosion in the mountains. Later in the
19th Century and into the 20th Century, irrigation infrastructure for the sugar cane industry was
carved into the mountains and slopes.

movement. Cultural features such as retaining walls, terraces and trails are usually found in
association with rock outcrops and caves. Erosion is the greatest threat to whatever cultural
deposits might be found on these slopes.
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In addition, a total of seventeen (17) stratigraphic trenches were mechanically excavated
by backhoe across portions of the valley floor. Trenches were mostly focused on the cluster of
LCAs in the central/eastern portion of the project area (see Figure 9) and second, through the
area of the proposed effluent ponds. All trenches were examined, profiled, and photographed.
Manual testing of nine (9) units was completed at -2250, the enclosure. This additional testing
was also approved by the SHPD-Kaua‘i to further understand the function of the site. The
number of units was increased to nine as no cultural materials were identified in the first several
units. All sediment from the units was screened through 1/4” and 1/8” wire mesh screens, to

Fieldwork was conducted between July 7 through 25, 2014 and August 20 through 26,
2014 by Jeff Putzi, B.A., James Powell, B.A., Milton Ching, B.A., and Michael Dega, Ph.D
(Principal Investigator). Fieldwork consisted of a systematic 100% pedestrian survey of the
entire project area, survey of a 100-meter swath outside the project area, representative
mechanical trenching on the valley floor, and manual excavation units placed at one site, the
enclosure (Site -2259). Per survey, the crew was spaced a variable 5 m-10 m, depending upon
ground visibility. Visibility was very good across the valley floor and good around the perimeter
of the floor. When sites were identified, they were mapped to scale using tape and compass
(except for the longer ditches), digitally photographed, and GPS recorded. The longer ditches
were recorded using GPS (both terminal ends) and appear on most maps/aerial photographs for
the area. Sites were recorded in detail to reflect their overall integrity, size, and location in the
project area. As noted above, the SHPD-Kaua‘i requested extending the survey to include a 100meter swath of land along the northern boundary of the project area to assess the
presence/absence of historic properties. The SCS field crew surveyed from the project area out
100 meters along this swath, increasing the surveyed area by some 1,300 meters. As noted
below, one site (Site -2259) was identified in this area.

FIELD METHODS

Several phases of fieldwork were undertaken as part of this project. Prior to fieldwork, a
review of the archival record and previous archaeological work in the project area and environs
was completed. This archival work was integral in determining the types and nature of sites that
could be encountered, as well as to aid in determining trenching locations across the parcel.

METHODOLOGY

ceremonial site occurring outside the “plow zone” (Site -3094; see below). What is more
apparent now in the archaeological record of MƗhƗ‘ulepǌ is infrastructure associated with that
intensive sugar cane production from the plantation period (see below).
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Individuals: M. Ching conducted interviews with several local residents who lived and worked
for decades in the Koloa-MƗhƗ‘ulepǌ area. Discussions centered on land use through time and

Kaua‘i Historical Society: Research was undertaken here prior to fieldwork, during fieldwork,
and following the completion of fieldwork. M. Ching and J. Powell, part of the field crew,
researched old photographs and maps of the MƗhƗ‘ulepǌ area, as well as text references (i.e.,
Bennett 1931) to further understand the sites they had documented during fieldwork.

State Historic Preservation Division-Kaua‘i Lead Archaeologist: The Lead Archaeologist for
Kaua‘i was consulted prior to the commencement of fieldwork, during fieldwork, and postfieldwork. Following one of two field visits to the project area, the Lead Kaua`i archaeologist
recommended that survey be conducted not only of the immediate project area in the valley, but
also up to the ridgeline. This would be done to assess the presence/absence of historic properties
that could potentially be affected by this project. The presence of Keolewa Heiau, on Hu`apu
Ridge, and a former heiau, Hanakalauea Heiau, within the valley, indicated that preContact/Historic era trails may have connected the project area to the upper ridgeline. The
presence of the agricultural heiau (Site -2250, see below) also indicated that additional preContact sites could be present further upslope from the project area proper. The additional 100
meter survey swath around the northern section of the project area, while not extending to the
ridgeline, was the result of negotiations between the SHPD and the current lease of those lands
directly outside the project area.

Preliminary consultation was undertaken during the current AIS by the archaeological
field crew. A more formal consultation, via a Cultural Impact Assessment, will be initiated in the
near future and provide much more in-depth information and interviews on the project area. For
the current project, the following individuals and groups were consulted:

CONSULTATION

As only one artifact was recovered during surface survey, trenching, and testing,
laboratory methods were primarily limited to drafting field site plan view maps, stratigraphic
trench profiles, profiles of the test units, cataloguing all photographs and maps acquired during
the project, and reporting. The single artifact, from a test unit outside Site -2250, was analyzed
and catalogued. This artifact was returned to the site during a February 3, 2015 field visit with
the SHPD and others. All field notes, maps, and photographs pertaining to this project are
currently being curated at the SCS main laboratory in Honolulu.

LABORATORY METHODS

recover any smaller cultural material fractions. All units were plotted on a site planview map,
profiled, and back-filled. No units were left open at the end of each day.
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A total of sixteen sites were identified during the Archaeological Inventory Survey
(Figure 12 and Figure 13). Fifteen of the sites were newly identified during the current survey
and one site, State Site 50-30-10-3094, was re-located. Three of these sites are believed to be
associated with pre-Contact and/or early historic times, including an enclosure and two retaining
wall remnants. The remaining sites consist of bridges, ditches, culverts, and a flume system
dating from the 20th century and affiliated with sugar cane cultivation. Note that Sites -2251, 2252, -2253, and -2259 all appear to conform to the same ditch (Figure 14), with the Site -2258
reservoir also being present near the ditch line. The ditch as constructed following the creation of
the reservoir may have followed the course of historic or pre-Contact auwai, but no evidence of
such water ways along or perpendicular to the ditch were found during the survey. Sluice gates
emptying into the valley were found, but there were no associated ditches, suggesting the gates
may have been placed to deal with overflow or flooding, and not necessarily for the irrigation of
a specific field. The flume with trestle bridge over the irrigation ditch appears to have been
constructed after the ditch/reservoir system was built. The flume and trestle appears to have been
constructed to continue the flow up water from streambeds off the ridgeline, into the natural
water courses in the valley itself. In addition to survey, a total of seventeen trenches were

ARCHAEOLOGICAL INVENTORY SURVEY RESULTS

On February 3, 2015, SCS, a representative from the SHPD-Kauai (archaeology branch),
land representatives, and community members met at the project area to conduct a field trip of
the sites documented during this study and provide any insight on said sites to SCS. The
secondary purpose was to get more overall feedback on the AIS, should they have any questions
or comments. A total of 12 individuals, 7 being community members, joined the trip. The group
first stopped at the petroglyph rocks and second, at the heiau. In both locations, Kalani Pike
(Branch Harmony) conducted ceremonies to consecrate the sites. He also spiritually “closed” the
heiau. The one artifact recovered during the AIS project, a lithic chopping tool (see below), was
placed back in its original location, as witnessed by the group. Overall, the group visit was well
received and the ceremonies accomplished goals set by many for being there. Both the
petroglyphs and heiau were discussed in terms of the AIS, with these interpretations noted
below.

February 3, 2015 Field Visit

their knowledge of any historic or cultural properties in the MƗhƗ‘ulepǌ area. Their insight was
invaluable per Plantation Era land use in the area, as well as the families who lived there. M.
Ching talked primarily with Nelson Abreu (uncle to Russell, he is 84 years old) and Russell
Abreu.
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Importantly, Site -3094 (petroglyphs) and Site -2250 (heiau) both occur off-site. They
were documented during the current, expanded AIS fieldwork but do not occur in the proposed
work area. Both sites, as discussed below, will be preserved in perpetuity in their present, offsite location.

mechanically excavated in various portions of the project area, with no cultural findings.
Multiple test units were placed in the pre-Contact enclosure, which aided in refining functional
interpretations.
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Figure 12. USGS Map Showing Location of Identified Historic Properties in the Project Area.

Figure 14. Aerial Photograph Showing Location of Ditch, Site -2251, -2252, -2253, -2254, and -2259.
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Figure 13. Aerial Photograph Depicting Location of Project Area Historic Properties.
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The area within the enclosure is mostly level but with a slight southward descent. The
ground to the north is slightly higher in elevation. The site area is lightly forested with java plum,

The long western wall is constructed in much the same manner as the long east wall.
However, the former extends northwest before turning northeast to the presumed entry/exit to the
enclosure. An upright boulder is present south of the corner, with two more upright boulders
occurring to the north of the corner (see Figure 16).

One large boulder at the southern corner is pyramidal in shape. It measures 4.0 m by 3.0
m by 1.4 m tall. Test Unit 4 was placed against this boulder (see below) as it would have acted as
a “catchment” for any eroding cultural materials from the slightly uphill, northern end of the site.
Extending westward are several other large boulders. Overall, a few small boulders are piled but
the majority of the enclosure wall along the southern flank is formed by these roughly aligned
boulders.

The southeast wall of the site is constructed of basalt cobbles and boulders stacked and
piled two to three courses wide and two courses high (0.30 m above surface, average). The
cobbles and boulders range in size from 0.2 m in diameter to 1.0 m in diameter. Some portions of
this wall appear to have collapsed but on the whole, the enclosure wall is in good condition. At
the south end of the site are two upright boulders approximately 0.60 m in diameter and up to 1.4
m high. These are adjacent to a very large boulder that forms the south corner of the enclosure.

Site -2250 consists of a rock enclosure located in Paddock P-163 (see Figure 4), in the
northern corner of the project area c. 30 m off the valley floor (Figure 15). The enclosure is
rectangular and measures 20 meters north-south by 9 meters east-west (180 m sq.; Figures 16
through 19). The corners of the enclosure all occur at cardinal directions. The northeast wall is
constructed of an alignment of small basalt boulders, at least 0.5 m in diameter, all of them fairly
uniform in size. Two taller, but not wider, boulders are upright in this alignment. There is an
opening at the west side of the northern end, which appears to form a formal entrance/exit for the
enclosure.

STATE SITE NO. 50-30-10-2250 (TS-1)

50

Figure 15. USGS Map Showing Location of Site -2250.

Figure 16. Planview Map of Site -2250.
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Figure 17. Photograph of Site -2250. View to South.
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Figure 18. Photograph of Site -2250. View to West.
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Figure 19. Photograph of Site -2250. Note Uprights in Construction. View to West.
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TU-2 measured 0.5 m by 0.5 m and was excavated to a depth of 0.3 m below the ground
surface (Figure 21). This unit was placed midway along the length of the interior, north wall. The
north wall is an alignment of small boulders with one cobble extending south into the interior of
the enclosure. The TU was placed with the boulders of the wall to the north and the

TU-1 measured 0.5 m by 0.5 m and was excavated to a depth of 0.38 m below ground
surface (Figure 20). The unit was placed along the interior of the west wall, south of the corner
where the wall turns from the northwest to the northeast. This corner is defined by two upright
boulders north of the corner and one upright boulder south of the corner. The unit was placed
along the base of the upright boulder south of the corner. Two strata were present in TU-1: Layer
I (0-0.30 mbs) was composed of dark brown (10YR3/4) silty clay. Layer II (0.30-0.38 mbs)
consisted of a layer of gravel and cobbles, with silty clay between them. Excavation ceased after
exposing the surface of a deposit of small sub-angular basalt cobbles and gravels. The goal was
to keep it intact to assess the presence/absence of other possible pavements at the same depth in
the enclosure. Layer II represented a paving and/or a foundation for the upright and the west
wall. No cultural materials were observed in the unit.

A total of eight test units (TU) were excavated within the Site -2250 enclosure, with a
ninth unit having been excavated 20 m to the Northwest. Shovel Test Units 1 and 2 were
excavated during the initial field work in July, 2014 with the remainder excavated during the
additional efforts in August, 2014. The large number of test units was necessary given initial site
interpretations (significant site) and second, the lack of findings in the first few test units. Testing
aided in refining the site function determination.

Testing

No cultural materials of any era were identified within the enclosure, its walls, or outside
the enclosure. Given the size and shape of the site, its proximity to MƗhƗ‘ulepǌ Stream, its
placement at the head of the valley, and the southern commanding view over the valley itself, the
site was initially interpreted as either a large hale or an agricultural heiau. The site did not appear
to be a traditional residence as these were most often multi-structural affairs spread over the
landscape. None were found nearby. The site was also defined with each wall built in a different,
distinct manner, with many upright boulders being incorporated into wall construction. Testing
was needed to confirm or modify initial interpretations of the site.

eucalyptus, and haole koa, but there is a dense grove of hau 25.0 meters to the southeast of the
enclosure. There are no interior features within the site.
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Figure 21. Site -2250, TU-2 Profile. North Face.

Figure 20. Site -2250, TU-1 Profile. West Face.
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TU-6 measured 0.7 m by 0.7 m and was excavated to a depth of 0.2 m below the ground
surface. This unit was placed adjacent to TU-3 at the center of the enclosure. The surface of the
boulder found in TU-3 was entirely exposed. The rock’s diameter measured 0.7 m and was
interpreted as an isolated, natural stone. One stratum was present in TU-6: Layer I (0-0.2 mbs)

TU-5 measured 0.7 m by 0.7 m and was excavated to a depth of 0.59 m below the ground
surface (Figure 23 and Figure 24). This unit was placed along the interior of the north wall,
approximately 0.7 m to the west of TU-2. Three strata were present in the unit. Layer I (0-0.07
m) consisted of dark reddish brown (2.5YR 3/3) silty clay. Layer II (0.07-0.29 m) was composed
of reddish grey (5YR 5/2) silty clay with many cobbles and gravels. This layer was interpreted as
a possible paving and/or a foundation for the north wall. Continuing below the cobbles and
gravels was natural sediment, Layer III (0.29-0.59 m) composed of reddish brown (5YR 5/4)
silty clay. Unlike the nearby TU-2, no roots were present. No cultural materials were observed in
the unit.

TU-4 measured 1.0 m by1.0 m and was excavated to a depth of 0.34 m below the ground
surface. This unit was placed along the interior base of the large, pyramidal-shaped rock that
forms the south corner of the enclosure (Figure 22). It was theorized that placement of the unit
here would act as a “backstop” and could have been a location where midden/artifacts could
have been culturally or naturally deposited. Large in situ boulders rendered the unit smaller so
that by the base of excavation there was little soil to excavate. One stratum was present in TU-4:
Layer I (0-0.32 mbs) was composed of dark brown (10YR 3/4) silty clay. Roots and rootlets
were common from surface to the base of excavation. Clastics were not common but increased in
frequency with depth. There represent natural deposits and were not representative of a paving or
cultural formation. No cultural materials were observed in the unit.

TU-3 measured 0.7 m by 0.7 m and was excavated to a depth of 0.2 m below the ground
surface. This unit was placed at the approximate center of the enclosure. One stratum was
present in TU-3: Layer I (0-0.2 mbs) was composed of dark brown (10YR 3/4) silty clay. No
evidence of paving or cultural materials were identified in the unit.

cobble to the east. Excavation extended to a depth below the boulders to determine the presence
of any cultural materials, particularly charcoal to date site construction. One stratum was present
in TU-2: Layer I (0-0.3 mbs) was composed of dark brown (10YR3/4) silty clay. Roots and
rootlets were common from surface to the base of excavation. No cultural materials were
observed. The unit was sterile.

Figure 22. Photograph of TU-4 Location. View to South.
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Figure 23. Site -2250, TU-5 Profile. West Face.
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Figure 24. Photograph of TU-5 at Base of Excavation. View to West.
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TU-9 measured 0.70 m by 0.70 m and was excavated to a depth of 0.20 m below the
ground surface. This unit was placed 20 m to the northwest of the enclosure. The unit was
excavated amidst a scattering of large and small boulders to assess if they were natural or an
extension of the -2250 enclosure. At 0.17 m below ground surface, a small cobble-sized basalt
chopper was recovered (Figure 25). The basalt tool has a fractured end, which may have been a
deliberately formed edge. There are no signs of pecking or flaking, and no signs of wear, but it
may have been a tool formed specifically for one task and then discarded. No other cultural
materials were observed in the unit. The scattered boulder area was determined not to be an
extension of the enclosure itself, even though one artifact was present. The rocks were misaligned and did not connect to the enclosure. These rocks were also not a separate site; only the
presence of the isolated artifact shows cultural use of the area.

TU-8 measured 0.4 m by 0.4 m and was excavated to a depth of 0.3 m below the ground
surface. This unit was placed to the north of TU-7. Excavation exposed the surface of a deposit
of small, sub-angular basalt cobbles and gravels. These were originally thought to represent a
paving such as was exposed in TU-2 and TU-5. However, TU-8 is not adjacent to any wall and
the stones appear to represent a natural deposition. One stratum was present in TU-8: Layer I (00.3 mbs) was a dark brown (10YR 3/4) silty clay. No roots were present here, as compared to the
nearby TU-7. No cultural materials were observed in the unit.

TU-7 measured 0.5 m by 0.6 m and was excavated to a depth of 0.2 m below the ground
surface. This unit was placed within the interior of the enclosure approximately 5.0 m south of
the passageway at the northern corner. TU-7 was placed 6.0 m north of TU-3 and 3.0 m south of
TU-5. One stratum was present in TU-7: Layer I (0-0.2 mbs) was composed of dark brown
(10YR 3/4) silty clay. Roots and rootlets were common from surface to the base of excavation.
No evidence of paving cobbles and no cultural materials were observed. The unit was sterile.

was composed of dark brown (10YR 3/4) silty clay. No evidence of paving cobbles and no
cultural materials were observed in the unit.
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Figure 25. Photograph of Chopper Tool from TU-9. Note: This artifact was taken back to the
site in February, 2015 and placed in the same location where it was discovered.
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Site -2251 is composed of two plantation-era features, both in fair condition. Feature 1 is
a sugar cane irrigation ditch approximately 2.0 m wide and ranges from 0.5 m to 1.5 m deep
(Figure 26). The feature is approximately 800 meters long and extends along, and just above, the
base of the northern project area slope. The feature alternates between being covered by high

STATE SITE NO. 50-30-10-2251 (TS-2)

The site is interpreted to be an agricultural heiau. The enclosure is large (180 m sq), with
single-course, well-constructed walls that are in excellent condition. In planview, the enclosure is
rectilinear and the four corners are at the cardinal directions. There is a formal passageway at the
north corner of the structure. One very large boulder forms the corner of the east and south walls,
and several large boulders form the south wall, which faces into MƗhƗ‘ulepǌ Valley. There are
no surface features within the enclosure but there are several large boulders. The ground within
the enclosure is flat with a slightly descending slope to the south. Trees are scattered throughout
the site area, including a grove of hau trees to the southwest. The interior of heiau were often
paved, but the extent of the paving varied. The absence of cultural materials in all of the test
units suggests that this structure was not associated with the everyday tasks attributed to a kau
hale or habitation complex. The uprights appear to distinguish this site even more.

The deposit of sub-angular basalt cobbles and gravels exposed along the walls in TU-1
and TU-5 appear to be a paving and/or a foundation for the walls. A similar deposit exposed in
TU-8 appears to be a paving. TU-8 was placed 5.0 m south of the entry/exit, at the northern
corner and 3.0 m south of TU-5 along the interior of the north wall. TU-9 yielded the only
artifact, a small, smooth, oblong basalt cobble that could have been utilized as a chopper.

A total of eight test units were excavated within the Site -2250 enclosure, with a ninth
unit excavated 20 m to the northwest. No cultural materials were observed in any test units
within the enclosure, only one chopping tool having been recovered from TU-9 outside the site.
TU-1, placed against the interior of the west wall, at the base of an upright basalt boulder, and
TU-5, placed against the interior of the north wall, both exposed a deposit of sub-angular basalt
cobbles and gravels that is interpreted as a paving, a foundation for their respective walls, or a
combination of both. TU-8, placed approximately 5.0 m south of the entrance at the north corner
of the enclosure, also exposed a similar deposit. TU-2 was placed along the interior of the north
wall, but did not expose this cobble and gravel deposit. TU-4, TU-7, and TU-9 did not expose
the cobble and gravel deposit. TU-3 and TU-6 together exposed the flat surface of a boulder, but
it was determined to be a natural occurrence. Excavation of TU-4 was halted due to tightly
packed naturally-deposited boulders.

Results of Testing
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Figure 26. Photograph of Site -2251, Feature 1 Ditch and Feature 2 Sluice Gate. View to
Southeast.

Figure 27. Planview of Site -2251, Feature 2 Sluice Gate.
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Feature 3 consists of another sluice gate, present in the south face of Feature 1 and 10 m
west of the east stream (Figure 30). The feature is 70 m east of Feature 2. This feature is in poor
condition: the metal door is missing and the concrete is weathered.

Feature 2 consists of a Plantation era sluice gate, similar to described above at Site -2251,
and having been identified in the southern face of Feature 1 and 30 m east of the western stream
(see Figure 28). The feature is 70 m west of Feature 3. This feature is in good condition.

Site -2252 is composed of three historic irrigation features, all directly related to sugar
cane production. Feature 1 consists of an irrigation ditch measuring approximately 2.0 m wide
and is a variable 1.0 m to 1.5 m deep (Figure 29). This ditch connects to, and is perpendicular
with, two southward descending streambeds, which are approximately 100 m apart. Within the
valley, these two streams join and form the Main East Ditch. Feature 1 is the same ditch as 2251, Feature 1 to the east and Site -2253, to the west. These features received different site
numbers as they are broken in places. The ditch is identifiable but partially collapsed and filled
with soil and detritus.

STATE SITE NO. 50-30-10-2252 (TS-3)

Feature 2 consists of a plantation-era sluice gate directly affiliated with Feature 1 (Figure
27 and Figure 28). The feature is located 25 m southeast of the -2250 enclosure and is built on
the southern side of the main ditch. The gate is composed of an upright, concrete slab 1.5 m long
by 0.06 m thick. The exterior face is 0.75 m high but the interior is 0.20 m high, the latter portion
obscured by the main ditch filling with eroded and water-born soils and detritus. The concrete
slab has an interior slot on its top that contains an iron door for the gate. Basalt cobbles are
aligned along the interior of the ditch on either side of the concrete. Approximately 1.0 m east of
the gate, on both sides of the ditch, are two retaining components built of metal posts and sheet
metal. These components worked in conjunction with the main gate. Neither the ditch nor the
sluice gate have been maintained for some time.

grasses and also passing through and along the edge of the tree line. The ditch passes south and
west of -2250 (enclosure) and terminates at the streambed which forms the eastern side of -2252
(ditch, sluice gates). On plantation maps, the feature extends northward from P-154 to P-163.
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Figure 28. Photograph of Site -2252, Feature 2 Sluice Gate. View to Northwest.
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Figure 29. Photograph of Site -2252, Feature 1 Ditch and Feature 2 Sluice Gate. View to South.
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Figure 30. Photograph of Site -2252, Feature 3 Sluice Gate. View to Southwest.
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The site is a single-feature site consisting of a retaining wall that was constructed of dry
stacked, sub-angular basalt cobbles and boulders (Figure 31). Site -2254 was built into the east
bank of the east stream descending from above Site -2252. While the features comprising Site 2255 (Plantation era culvert bridges) occur to both the north and south of -2254, this retaining
wall could predate them, perhaps being associated with late prehistoric and/or early historic
times. The retaining wall measures 7.3 m long by 1.8 m high and the visible ground surface
width is up to 1.0 meter. The wall is 6 to 8 courses high, two courses wide, and was built on an
earthen bench, the latter being a remnant of the original stream bank and bed. This bench or
terrace extends 4.0 m north and 4.0 m south from the ends of the wall (Figure 32). The bench
extends 1.0 m out from the base of the wall. Both upstream and downstream from Site -2254, the
sides of the stream have been excavated so as to make them nearly vertical. Such modifications
did not occur at the Site -2254 locale as the wall has kept the slope vertical through time. This
suggests that the site predates whatever stream modifications were undertaken later. No artifacts
of any era were present within the wall. Also, there was no concrete or coral-based mortar used
on this wall. The short wall segment is in fair condition.

STATE SITE NO. 50-30-10-2254 (TS-5)

This site consists of a single feature: a sugar cane Plantation era irrigating ditch that
extends west and southwest from the western stream at Site -2252. The ditch terminates at Site 2258, MƗhƗ‘ulepǌ Reservoir. The ditch is entirely earthen and measures 2.0 m wide by up to 1.5
m deep. Site -2253 measures approximately 2,007 feet long and is in poor condition, having been
neglected and filled with eroding soils and rocks.

STATE SITE NO. 50-30-10-2253 (TS-4)
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Figure 32. Planview of Site --2254 Retaining Wall.
Figure 31. Photograph of Site -2254 Retaining Wall. View to East.
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Feature 4 measures 6.0 m east-west by 5.6 m north-south and it is 2.9 m high from road
surface to the base of the ditch. The bridge long axis is 90 degrees. Feature 4 is approximately 25
m north of the junction of the two streams that pass to either side of Site -2252 (ditch, sluice
gates).

Feature 3 measures 6.1 m east-west by 5.8 m north-south and it is 2.4 m high from road
surface to the base of the ditch (Figure 35). The bridge long axis is 90 degrees. Feature 3 is
present 44 m from Feature 4.

Feature 2 measures 5.8 m east-west by 4.5 m north-south and is 2.4 m high from road
surface to the base of the ditch (Figure 33 and Figure 34). The bridge long axis is 90 degrees.

Feature 1 measures 6.5 m north-south by 6.0 m and is 2.0 m high from the road surface to
the base of the ditch. The bridges long axis is 340 degrees. From the southwest corner of Feature
1 to the southeast corner of Feature 2, the distance is 52 m.

Each culvert was constructed in the same way. A corrugated metal pipe, measuring 1.3 m
in diameter, is placed directly at the base of the ditch. Packed earth extends from each bank to
the pipe, to a height of 0.50 m, with the remainder composed of small boulder-sized, quarried
basalt.

Site –2255 is composed of four (4) culvert bridges crossing over the east stream that
descends from above Site -2252. These culverts were designated as Features 1, 2, 3, and 4, with
Feature 1 being the most northern of the group. Features 1 and 2 are present to the north of Site 2254 (retaining wall) and Features 3 and 4 are south of the wall.

STATE SITE NO. 50-30-10-2255 (TS-6)
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Figure 33. Photograph of Site -2254 and -2255, Feature 2. View to North.

Figure 34. Planview of Site -2255, Feature 2.
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Figure 35. Photograph of Site -2255, Feature 3. View to South.

Figure 36. Planview of Site -2255, Feature 3.
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Site -2257 is a retaining wall similar to Site -2254 but is not in as a well preserved
condition (Figure 39). The feature is constructed of dry stacked, sub-angular basalt cobbles and
boulders and is 7.5 meters northwest to southeast, built into the south bank of the Main East
ditch’s western stream. The width of the surface is approximately 1.0 m. However, the terminus
of the southeastern end has partially collapsed and stacked cobbles and boulders are visible in the
collapsed bank, suggesting that the internal width is greater than that of the surface. The
retaining wall is 4.0 m tall, extending from ground surface to stream bottom. As with Site -2254,
there is a bench or terrace present upon which the wall was built. This short segment also appears
to pre-date Plantation-era modifications to shore up the ditch in this area as it continued to
function well through time, at least until present times. It is presumed to be associated with late
prehistoric and/or early historic times and is in very poor condition.

STATE SITE NO. 50-30-10-2257 (TS-8)

The stream bed of the western stream, north and south from the bridge, is deeper and not
as modified as the eastern stream. Also, the western stream bed is nearly covered by both water
worn basalt and sub-angular basalt. The eastern branch had perhaps 10% of these materials. The
eastern branch may have had these materials removed during plantation maintenance. The mix of
materials in the west branch suggests that not only was this a flowing stream, but that the other
materials may have been pushed into the stream when fields were being cleared. It is possible
that those materials were from traditional features such as walls, mounds, or terraces and
platforms. The junction of the two streams is 110 m and 150 degrees from Site -2256.

Both stream banks have retaining walls supporting the bridge (Figure 38). These are
constructed of boulder-sized, quarried basalt and are mortared or cemented together. The wall
faces are 3.6 m apart. The base of the west end, of the northern wall is weathered. A surprisingly
large tree root is protruding out of the south wall’s face. There are no trees remaining on the
surface in this area, but there are several dead or cut trees rooted in the stream bed and banks in
the immediate vicinity.

Site -2256 is composed of a concrete bridge crossing over the west stream that descends
from above Site -2252. The bridge itself was manufactured of poured and formed concrete, with
a 0.2 m raised curb along each edge. The bridge measures 5.3 m north-south by 5.0 m east-west.
The height from the top of the curb to the base of the stream is 3.6 m. The long axis of the bridge
is 20 degrees (Figure 37).

STATE SITE NO. 50-30-10-2256 (TS-7)
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Figure 37. Planview of Site -2256 Bridge Concrete Deck and Floor.
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Figure 38. Planview of Site -2256 Bridge Retaining Walls.
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Figure 39. Photograph of Site -2257 Retaining Wall Remnant. View to Southwest.
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Site -2260 is an historic bridge that crosses over a natural stream that enters MƗhƗ‘ulepǌ
Valley from the western ridge (Figure 42). The stream originates between named peaks,
Kalaeakohani to the south and Kolopa to the north. Like the streams entering the valley from the
north, this watercourse has been modified upon its entrance into the valley. The bridge surface is
comprised of two concrete slabs measuring 7.5 m north-south by 3.0 m east-west and are 0.2 m
thick. The long axis is oriented at 210 degrees and the slabs have a 0.1 m gap between them. The
west side of the bridge is not modified. The east side of the bridge has a concrete curb that
extends 6.8 m and 0.31 m wide. The interior height of the bridge is 0.56 m, while the exterior
height is 0.89 m. An iron railing is affixed to the top of the curb. This railing appears to be a
from the narrow gauge railroad that once extended along the southwestern flank of MƗhƗ‘ulepǌ
Valley. Within the stream bed, there are remnants of dry stacked basalt cobble retaining walls on
the north and south banks of the west side of the bridge. Inscribed on the exterior face of the curb
is the number or date “1951”, with a flourish on the upper bar of the 5 (Figure 43 through Figure
45).

STATE SITE NO. 50-30-10-2260 (TS-11)

Site -2259 consists of a Plantation-era irrigation ditch that extends southward from Site 2258 along the base of a slope at the western side of MƗhƗ‘ulepǌ Valley. The earthen ditch is c. 2
m wide and extends along the northern borders of Paddock 112 to P-105 (Figure 41; see Figure
6). The feature is similar in design, measurement, and function to Site -2251. The ditch measures
2.0 m wide and the depth varies up to 2.5 m deep. The length of the ditch is approximately 1,020
m (3,323 ft.) and extends south from the reservoir.

STATE SITE NO. 50-30-10-2259 (TS-10)

Site -2258 consists of the MƗhƗ‘ulepǌ Reservoir (Figure 40). Built early in the 20th
century, it is unknown if there was a spring at this location. The reservoir is large, at least 200 m
in diameter. During the time of the field survey in July, 2014 the water level appeared low. The
south and east sides of the reservoir are bordered by high, long, and wide dikes or levees. The
ground level ascends to the north and west and so additions were not required on these sides. A
metal catwalk extends from the southern dike into the reservoir. This is part of the irrigation pipe
and pump system that releases water into the Main western ditch that feeds the taro fields at the
south end of the valley.

STATE SITE NO. 50-30-10-2258 (TS-9)

Figure 41. Photograph of Site -2259 Ditch. View to West.
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Figure 40. Photograph of Site -2258 Reservoir. View to North.
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Figure 42. Photograph of Site -2260 Bridge. View to West.
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Figure 43. Photograph of Site -2260 Bridge Date. View to Southwest.
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Figure 44. Planview of Site -2260 Bridge Attributes.

Figure 45. Planview of Site -2260 Bridge.
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[Note: Temporary Site 13 was assigned to the Site -3094 petroglyph boulders and has been
deleted herein; the petroglyph boulders are designated under Site -3094 below).

The southern half of the bridge is constructed entirely of concrete. Concrete retaining
walls line both banks of the watercourse. These descend 1.9 m to an extended 0.5 m foundation
on the stream bed. On the southern side of the concrete bridge is a concrete curb which is 0.9 m
high and extends to the surface of the concrete retaining walls. An iron rail is affixed to its
surface, which is similar to that at Site -2260. Clearly, the narrow gauge railroad along the
southern portion, of the western half of the valley, was dismantled. Salvaged materials were
utilized for other plantation projects. On the southern face of the concrete curb there is the
inscription “1951”, again with a flair on the upper bar of the 5 (Figure 47). “1951” appears to be
the year in which many modifications occurred on the plantation. No other bridge found during
the AIS shows such obvious evidence of additional phases of construction.

The northern half of the bridge is constructed of boulder-sized, quarried basalt which are
mortared into place to form retaining walls on the east and west stream banks, as well as the
north and south flanks. The northern side is clearly visible from the fields and road to the north
but the southern side must be viewed from within the stream bed. Both of these sides show an
artisan’s flair in that there is an arch to the bridge that is not seen on any other feature within the
valley. On the north edge of the bridge surface there is a concrete curb with a basalt cobble
alignment upon it. Inscribed in the surface of the concrete is “July 30, 1908”. There is 0.35 m of
gravel and dirt forming the road above the concrete. From road surface to the base of the stream
bed measures 2.4 meters.

Site -2261 consists of a bridge crossing over the Main East ditch at the southern end of
the project area. MƗhƗ‘ulepǌ Road crosses the bridge (Figure 46). This bridge is unique to the
project area in that it shows two distinct phases of construction. The bridge measures 10 meters
east-west by 8.5 m north-south, with each style of construction composing approximately half of
the bridge.

STATE SITE NO. 50-30-10-2261 (TS-12)
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Figure 46. Photograph of Site -2261 Bridge, Showing 1908 Section and 1951 Section. View to
Northeast.
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Figure 47. Photograph of Site -2261 Bridge Date. View to South.
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Site -2264 is the remnant of an irrigation pipe that appears to have crossed over the Main
East Ditch, immediately south of the location where the east and west streams that pass Site 2252 join together. There is a partially collapsed concrete foundation on the east side of the
ditch, with a corrugated metal pipe 0.6 m in diameter extending 0.9 m from it (Figure 50). The
intact remnant of the concrete foundation measures 2.2 m north-south by 1.0 m east-west and is
0.6 m high. On the far bank, concrete rubble is present. Upstream from this point, the stream
beds are dry, but downstream there is an increasing water flow. It is unclear at present if the
source of the flow is from the pipe or from a spring within the stream bed.

STATE SITE NO. 50-30-10-2264 (TS-15)

Site -2263 consists of a bridge crossing over the Main East Ditch, on the east-west extent
of MƗhƗ‘ulepǌ Road. The bridge is adjacent to, and northwest of, the many LCA awards at the
center of the valley. The site is a culvert bridge which appears to have been built in stages
(Figure 48). The base within the streambed consists of 3 to 4 courses of boulder-sized, quarried
basalt which are mortared on either side of a concrete culvert, the latter which measures 1.0 m in
diameter. The culvert appears to be younger in origin than the walls to either side. The mortared
blocks extend halfway up the side of the concrete culvert. On them are dry stacked, sub-angular,
vesicular basalt boulders which extend from 0.5 m to 1.5 m above the stream bed. On top of this
are boulders of a similar type which are mortared together and extend from 1.5 m to 2.0 m above
the stream bed (Figure 49). Additionally, along the western side of the large culvert are two
smaller concrete culverts, one above the other. This culvert bridge appears to have been
constructed and provided with additions over time.

STATE SITE NO. 50-30-10-2263 TS-14)
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Figure 48. Photograph of Site -2263 Bridge. View to South.
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Figure 49. Planview of Site -2263, Retaining Walls and Culverts.
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Figure 50. Photograph of Site -2264 Culvert and Pipe. View to Northeast.
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Feature 3 consists of a pair of sluice gates located to the south of, but not contiguous with
Feature 2. They are placed at the end of a short ditch extending away from the stream course.
The walls of this ditch are paved with concrete. At the gates, there is a central concrete pillar
separating the openings, as well as concrete walls extending away from the opening. Basalt
cobbles support the exterior of the concrete walls. A narrow gauge railroad rail is incorporated
into the top of, but not on top of, both walls and the column. Each gate opening measures 0.6 m
wide by 0.9 m tall, from the base of the ditch to the top of column. The column measures 0.2 m

Feature 2 consists of a concrete sluice gate. The overall length is 3.0 m, with the central
opening measuring 1.0 m wide. The concrete side walls measure 1.0 m long by 0.45 m tall and
are 0.15 m thick. Where the walls face each other, the concrete is grooved vertically, but there is
no remnant of a metal or wooden gate. The opening faces east, On top of the south wall “J
Torre” is inscribed into the concrete. On top of the north wall is the inscription “1924”.

Feature 1 consists of an irrigation flume constructed of concrete foundations, a trestle of
wooden beams, a concrete bridge, a concrete wall that extends east and west from the southern
end of the bridge, and an open-topped metal culvert (Figure 55 through Figure 58). The overall
length of the entire structure is 14.0 m and the overall width is 2.3 meters. The culvert measures
14.0 m long by 1.0 m wide and is 0.5 m deep. The supporting concrete bridge is 14.0 m long by
1.5 m wide and is 0.2 m thick. The southern concrete foundation measures 2.0 m long by 0.45 m
wide and is 0.85 m tall. The long axis is oriented east-west. The southern foundation contains a
trestle of wooden beams on top that support the base of the concrete bridge. The northern
concrete foundation measures 2.3 m long by 0.45 m wide and is 2.5 m tall. The north foundation
directly supports the base of the concrete bridge. The base of the concrete bridge is 3.2 m above
the base of the irrigation ditch (Site -2253) that the flume crosses over. The ends of the flume are
within a stream course which descends from the north into the valley. This stream course
eventually braids with the two courses to the east and forms MƗhƗ‘ulepǌ Ditch. Each branch of
the concrete wall extending east and west from the south end of the concrete bridge measures 2.0
m long by 0.45 m high and is 0.15 m thick. Feature 2 extends from the eastern flank of the east
wall.

Site -2262 is composed of three features and was identified in the northwestern portion of
MƗhƗ‘ulepǌ Valley, just outside the current 580-acre project area (see Figure 12; Figure 54).
This site was identified during August, 2014 sweeps of a 100 m zone past the current project area
limits. Field personnel were kindly given a right-of-entry permit by Grove Farms to conduct the
additional survey work.

STATE SITE NO. 50-30-10-2262 (TS-16)
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The sluice gates of Features 2 and 3 face eastward. Flow from the stream would have
emptied into Site -2253, the irrigation ditch and presumably carried it to Site -2258, MƗhƗ‘ulepǌ
Reservoir. The date of the inscriptions at both gates gives the year “1924”. This shows that
excavation of the ditch that incorporates Sites -2251, -2252, -2253, and -2259 predates the
construction of -2262. The concrete bridge of Feature 1 is collapsed upon the northern concrete
foundation. The wooden trestle is standing but the beams are rotting.

Site -2262 crosses over Site -2253, to the northeast of Site -2258, MƗhƗ‘ulepǌ Reservoir.
Site -2253 is an irrigation ditch which terminates at the reservoir on its south end and connects to
Site -2252 on its north end. The north and south ends of Site -2262 are within a streambed that
descends from the north. Site -2262 was built after the excavation of Site -2253. Site -2262 has
multiple functions: to carry stream water over the irrigation ditch and continue its flow into the
valley as a source for MƗhƗ‘ulepǌ Ditch. With three mountain born water sources braided
together at the north end of the valley floor, the original MƗhƗ‘ulepǌ Stream, later modified to
become MƗhƗ‘ulepǌ Ditch, would have been a substantial water course even prior to the sugar
cane industry.

on each side and is 0.9 m tall. Each concrete wall measures 0.7 m long by 0.2 m wide by 0.9 m
tall. The ends of the concrete walls facing the column and the corresponding faces of the column
are grooved vertically but there is no remnant of a metal or wooden gate. Inscribed into the
concrete surface of the north wing wall is “Koloa Plantation, April 12/24 By D.S.K.”.

Figure 51. Planview of Site -2262.
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Figure 52. Planview of Site -2262, Feature 2 Retaining Features.
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Figure 53. Planview of Site -2262, Feature 3 Retaining Walls.

Figure 55. Photograph of Site -2262 Structural Supports of the Flume. View to East.
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Figure 54. Google Earth Aerial Showing Location of Site -2262 in Relation to the Project Area and Sites -2253 and -2258.
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Figure 56. Photograph of Site -2262 North Bank Foundation. View to North.

Figure 57. Photograph of Site -2262 Flume System. View to Northeast.
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Figure 58. Photograph of Site -2262 Double Gate with Cement and Rock Wall to Prevent Erosion. View to North.
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At the crest of the ridge is a pecked cup or basin measuring 0.1 m in diameter and is 0.1
m deep. From this cup is a pecked groove approximately 0.03 m wide and approximately 0.01 m
deep that descends northward in a gradual curve across the surface of the boulder, ending at the
northwest side. Parallel to this groove is a natural bifurcated fissure that descends with one
branch ending at the northwest end of the boulder next to the groove and the other branch ending
at the northeast end.

South from the crest the slope is shorter, steeper, and the surface is rough and
pockmarked from natural causes.

The boulder measures 4.0 m long by 3.8 m wide, with the long axis north to south. The
boulder is 1.1 m high at its northern end, 1.3m at its center, and ranges from 0.6 to 0.8 m high at
the southern end. The eastern, northern and southern faces are vertical, while the southern end
slopes steeply in the ground surface. The ground to the south is at a slightly higher elevation than
the boulder, and the ground slopes away from the boulder in the other directions. The high center
of the boulder is an east to west extending ridge across the top of the boulder. From this crest the
top surface of the boulder is smooth and descends gradually northward. On the east and
northwest sides of the surface, the surface slopes slightly before turning into vertical faces. The
remaining sides of the boulder are all vertical to the top surface.

Feature 1 consists of a large boulder on the ground surface of Paddock 120 in the
north/northeastern portion of the project area (Figure 59). The paddock is currently covered by
tall grasses (Figure 66). Excavation of test trenches during this project showed that the ground
east, north, and west of the boulder had been plowed for the cultivation of sugar cane. To the
south, however, the test trench exposed an intact natural stratigraphy. The area south from the
boulder extends to one branch of the southward flowing Mahaulepu Stream. This confined area,
the absence of disturbed soils, and the absence of any signs of impact by machinery on the
boulder indicate that care had been taken not to disturb the boulder.

Site -3094 consists of a previously identified petroglyph rock, with two other petroglyph
rocks (designated as Feature 2 and Feature 3), having been identified during the current survey.
Feature 3 was identified by the SHPD-Kauai representative during a field visit in 2014. Feature 1
is a large petroglyph boulder. Feature 2 is either exposed bedrock or a buried boulder with two
petroglyphs visible located 20 m southeast from, and in the same clearing as Feature 1. Feature 3
is located approximately 70 m to the northeast of Feature 1, and is at the base of the wooded
slope.

STATE SITE NO. 50-30-10-3094
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Figure 59. Planview of Site -3094, Feature 1 Overview.
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During the current AIS, a second feature with petroglyphs was identified. The feature
was identified by the backhoe driver as he was clearing grasses in the area to conduct trenching
around the Feature 1 boulder. Feature 2 is located 20 m (at 140 degrees) from the Feature 1,
originally discovered boulder. This second “boulder” is only slightly exposed at ground surface
and may actually be a natural basalt outcrop. Feature 2 measures 1.5 m in diameter and rises only
0.2 m above the current ground surface. The exposed rock measures 1.72 m (north flank) by 1.98
m (east side). The figures are different from those of the other boulder. Figures on the second
boulder are not as clearly defined. There is a stick-figured human standing legs apart and widearmed, holding what appears to be a spear upright in his right hand. Perpendicular to this is a
three-leafed image on a staff, possibly a kahili image. Neither of these are as clearly defined as

The meaning of these petroglyphs and their placements on the boulder is open to
interpretation. One interpretation is that, despite being oriented in the opposite direction, the crest
represents Ha`upu Ridge, and Mount Ha`upu, and the groove represents Mahaulepu Stream as it
descends and curves to the coast. The basins may represent head waters to streams. The
petroglyphs may represent population centers, chieftains or the divine. The fissure, being natural,
may represent either another stream course, or perhaps a ridgeline. Another interpretation is that
these are all representing someplace on Kauai where a stream actually does flow north. It may be
that all of this represents some facet of navigation, ceremony, cosmology, or documentation of
events which we do not as of yet understand.

There are no figures on the slope south from the crest but there is a second pecked basin
or cup, this one at the base of the slope. It has the same dimensions as the one at the crest, but
there are no associated figures, grooves, or fissures.

The vertical and sloped panels each have between one and three figures, while the top
surface has a total of seven figures. Some panels have pecked areas and/or lines as well. What
these pecked areas represent is not currently understood. The petroglyphs are stick figured and
limbed, with round heads. There are figures with extensions at the ends of limbs and at least one
has male genitalia represented. The figures vary in size but do not exceed 0.3 m in length or
width.

Petroglyphs representing human figures are pecked in to four vertical faces, two sloped
faces, and the top surface of the north end of the boulder. On the top surface, there are figures on
either side of the groove, and all sides of fissure, and one is placed between the groove and the
fissure. These were documented and illustrated as separate panels but the panels are regarded as
being part of the whole entity of the boulder (Figure 60 through Figure 69).
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Feature 3 is located some distance from Features 1 and 2 near the fence line, some 70 m
to the north/northeast of Features 1 and 2. Feature 3 consists of several human figures with stick
torsos and limbs. These are located on the mauka face of a large, slab-like boulder. This boulder
measures 2.5 m by 2.1 m by 1.7 m tall, with its long axis northeast to southwest (Figure 71). The
figures of Feature 3 are slightly larger than those of Feature 1. The meaning and purpose of
Feature 3 is open for interpretation but likely represents individuals of the area.

Because Feature 2 is at ground surface level, and because there are fewer, less distinct
images, it appears these were etched for a different purpose than from that of the larger boulder.
If the figure is a kahili, then this could indicate the area being decreed kapu. A kapu could be
seasonal, periodical, or eternal. This may explain why the main boulder was left intact and in situ
throughout the Kingdom and the modern era. The figure that appears to be holding a staff or
spear is not as distinct as those figures on Feature 1. None of the Feature 1 figures appear to be
holding anything.

those on the larger Feature 1 boulder, which is not surprising considering it occurs on the surface
of the fields. Other scratches on the boulder surface are indistinct (Figure 70).

Figure 60. Planview of Site -3094, Feature 1 Panel A.
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Figure 61. Planview of Site -3094, Feature 1 Panel C.
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Figure 62. Planview of Site -3094, Feature 1 Panel G.
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Figure 63. Planview of Site -3094, Feature 1 Panel H.
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Figure 64. Planview of Site -3904, Feature 1 Panel I.

Figure 66. Photograph of Site -3094 Petroglyph Boulder in Field. View to East..
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Figure 65. Planview of Site -3094, Feature 1 Panel J.
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Figure 67. Photograph of Site -3094 Surface of Petroglyph Boulder. Note Groove down Center
and Anthropomorphic Figures on Either Side of Groove. View to South.
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Figure 68. Photograph of Site -3094 Petroglyphs, North Side of Boulder. View to South.
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Figure 69. Photograph of Site -3094 Petroglyphs and Pecked Cup at East End of Boulder. View
to West.
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Figure 70. Planview of Site -3094, Feature 2 Petrogylph Panel.

Figure 71. Planview of Site -3094, Feature 3 Petroglyph Panel.
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Trenches were desired on a small knoll at the northwest turn of MƗhƗ‘ulepǌ Road.
However, a trench with water lines is present alongside the road and prevented access to this
area. On older maps of the area, this location is designated as “Camp”, but no further explanation
is provided. Instead, two trenches were excavated to the southeast of the knoll, in the fields south
of existing pump station structures. These structures service a series of wells known as
MƗhƗ‘ulepǌ 14, drilled during the 20th century to service irrigation for the plantation. This area is
identified on the soils map as P-103. The soils map identified the soils as KavB or Kaena Clay,
Brown Variant.

A single trench was excavated east of the -2254 retaining wall in an attempt to find
remnants of a historic household that is shown on older maps of the area. This area is identified
on the soils map as P-161 and P-162. The soils map identified these soils as KavB or Kaena
Clay, Brown Variant.

The next area of excavation occurred around Site -3094, the petroglyph boulder. Four (4)
trenches were mechanically excavated here. This area is identified on the soils map as P-120.
The soils map identified the soils exposed by ST-10 through ST-13 as HsD or Hanamaulu Silty
Clay.

A total of nine (9) trenches were mechanically excavated within the exact location of the
former LCA cluster area (see Figure 47). The trenches, designated Stratigraphic Trenches (ST)
were numbered sequentially and excavated in rows of three. The southernmost row, ST-1 to ST3 was excavated west to east. The middle row, ST-4 to ST 6, was excavated east to west. The
northernmost row, ST-7 to ST-9, was excavated east to west. This area is identified on the soils
map (see Figure 6) as P-131 through P-134. To the east from this point, P-135 to P-137 is
currently marshland and an excavator could not safely be brought in to excavate. The previously
noted soils map identified the soils exposed by ST-1 through ST-9 as KavB or Kaena Clay,
Brown Variant.

Stratigraphic trench excavations were conducted mechanically (backhoe) in areas within
and around historically interesting areas, one known site (Site -3094), and proposed effluent
ponds along the western flank of the project area (Figure 72 and Figure 73). Primary among
these areas tested were the cluster of LCA’s located on the east side of the Main East Ditch.
These LCAs were awarded during the Great Mahele in 1848 and were occupied and/or utilized
until approximately the 1880s, when individual ownerships passed over to group and corporate
development for the Koloa Sugar Cane Plantation.

STRATIGRAPHIC TRENCH EXCAVATIONS: OVERVIEW

Figure 73. Google Earth Aerial Photograph Showing Stratigraphic Trench Locations.
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Figure 72. USGS Map Depicting Stratigraphic Trench Locations.
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ST-4 measured 9.14 m long and 0.6 m wide and was oriented at 20/160 degrees. The
trench was excavated to a maximum depth of 1.52 m at the north end and 1.8 m at the south end.
Three stratigraphic layers were identified. Layer I (0.0-0.16 mbs) is composed of a dark brown
(10YR 3/5) silty clay that was structureless, slightly plastic, and included roots, rootlets, and less
than 1% gravel. The lower boundary was abrupt and wavy. Layer II (0.16-0.56 mbs) is a dark
grayish brown (10YR 4/2) clay that was structureless, plastic, less than 1% roots and gravel. The
lower boundary was clear and wavy. Layer III (0.56-1.5/1.8 mbs) consisted of dark grayish
brown (10YR 4/2) clay that was structureless, plastic, and with no roots and no gravel. The water
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Stratigraphic Trench 4 (ST-4)

ST-1 measured 9.14 m long, 0.6 m wide, and was oriented at 120/300 degrees. The trench
was excavated to a maximum depth of 1.52 m at the north end and 1.8 m at the south end. Three
stratigraphic layers were identified. Layer I (0.0-0.16 mbs) is composed of dark brown (10YR
3/5) silty clay that was structureless, slightly plastic, and included roots, rootlets, and less than
1% gravel. Lower boundary was abrupt and wavy. Layer II (0.16-0.56 mbs) is a dark grayish
brown (10YR 4/2) clay, structureless, plastic, less than 1% roots and gravel. Layer III (0.561.5/1.8 mbs) consisted of dark grayish brown (10YR 4/2) clay that was structureless, plastic,
with no roots and no gravel. The water table was exposed at the base of the excavation. This
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Stratigraphic Trench 1 (ST-1)

At each trench location, an area approximately 15 m wide and long was cleared by the
excavator down to the ground surface. This was done to allow complete views of the interior of
the trench, to expose areas around it in the event of additional excavations, and in order to
facilitate greater ease and access when back filling was undertaken.

A total of seventeen stratigraphic trenches were mechanically excavated. The greatest
concentration of these was within the area identified as containing numerous LCA properties.
The second largest concentration was around Site -3094. In the end, and to encourage the reader
to rifle through the next few pages, no cultural materials or features were exposed by any of
these excavations. Appendix A provides stratigraphic profiles and representative photographs of
the trenches.

Stratigraphic Trench 3 (ST-3)

ST-2 measured 9.14 m long and 0.6 m wide and was oriented at 180/360 degrees. The
trench was excavated to a maximum depth of 1.52 m at the north end and 1.8 m at the south end.
Three stratigraphic layers were identified. Layer I (0.0-0.16 mbs) is a dark brown (10YR 3/5)
silty clay that was structureless, slightly plastic, and included roots, rootlets, and less than 1%
gravel. Lower boundary was abrupt and wavy. Layer II (0.16-0.56 mbs) is a dark grayish brown
(10YR 4/2) clay that is structureless, plastic, less than 1% roots and gravel. The lower boundary
was clear and wavy. Layer III (0.56-1.5/1.8 mbs) consisted of dark grayish brown (10YR 4/2)
clay that was structureless, plastic, with no roots and no gravel. The water table was exposed at
the base of this excavation. This trench was located in the center of the project area, east of
MƗhƗ‘ulepǌ Ditch and south of MƗhƗ‘ulepǌ Road.

Stratigraphic Trench 2 (ST-2)

trench was located in the center of the project area, east of MƗhƗ‘ulepǌ Ditch, and south of
MƗhƗ‘ulepǌ Road.

ST-3 measured 9.14 m long and 0.6 m wide and was oriented at 180/360 degrees. The
trench was excavated to a maximum depth of 1.52 m at the north end and 1.8 m at the south end.
Three stratigraphic layers were identified. Layer I (0.0-0.16 mbs) is composed of a dark brown
(10YR 3/5) silty clay that was structureless, slightly plastic, and included roots, rootlets, and less
than 1% gravel. Lower boundary was abrupt and wavy. The lower boundary was clear and wavy.
Layer II (0.16-0.56 mbs) was a dark grayish brown (10YR 4/2) clay that was structureless,
plastic, less than 1% roots and gravel. The lower boundary was clear and wavy. Layer III (0.561.5/1.8 mbs) consisted of dark grayish brown (10YR 4/2) clay that was structureless, plastic,
with no roots and no gravel. The water table was exposed at the base of this excavation. The
trench was located in the center of the project area, east of MƗhƗ‘ulepǌ Ditch and south of
MƗhƗ‘ulepǌ Road.

All trenches were excavated with use of a small, tracked, excavator. Each trench was 10.0
m long (9.14 m being the average open space, the remaining 0.86 consisting of the ramp into the
trenches) and the width of the bucket, 0.75m wide. Depth of the trenches varied, depending on
the water table. If the table was encountered, excavation was halted. If the water table was not
encountered, excavation extended to 2.0 m below the ground surface for the first 2.0 m of the
trench, and then was reduced to 1.5 m for the remainder. In every trench, the uppermost 0.2 to
0.8 m below ground surface was composed of grey brown loam with fine grass roots. This was
identified as a disturbed plow zone. The trenches excavated in rows (LCA area) were 20 m apart
and the rows were approximately 40 m apart. Each trench was documented with soil
descriptions, profiles, written descriptions, and photographs.

Specific Trenching Methods and Data

A final trench was excavated within the area of the Effluent Ponds and other
infrastructure to be constructed for the proposed dairy. This area is identified on the soils map as
P-201 and soils are also identified as KavB or Kaena Clay, Brown Variant.
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ST-7 measured 9.14 m long and 0.6 m wide and was oriented at 90/270 degrees. The
trench was excavated to a maximum depth of 1.52 m and exposed four stratigraphic layers.
Layer I (0.0-0.2 m) is a dark brown (10YR3/5) silty clay that was structureless, slightly plastic,
and included roots, rootlets, and less than 1% gravel. The lower boundary was abrupt and wavy.
Layer II (0.2-0.5 m) is a yellow brown (10YR 5/4) clay that was structureless, plastic, and had no
roots and no gravel. The lower boundary was abrupt and wavy. Layer III (0.5-0.73 m) is a black
clay that was structureless, plastic, and had no roots and no gravel. The lower boundary was
abrupt and wavy. Layer IV (0.73-1.52 m) is a brown (10YR4/3) clay that was structureless,
plastic, and had no roots or gravel. The water table was exposed at the base of the excavation.
This trench was located in the center of the project area east of MƗhƗ‘ulepǌ Ditch and south of
MƗhƗ‘ulepǌ Road.

Stratigraphic Trench 7 (ST-7)

ST-6 measured 9.14 m long and 0.6 m wide and was oriented at 180/360 degrees. The
trench was excavated to a maximum depth of 1.52 m and exposed five stratigraphic layers. Layer
I (0.0-0.3m) was composed of dark brown (10YR3/5) silty clay that was structureless, slightly
plastic, and included roots, rootlets, and less than 1% gravel. The lower boundary was abrupt and
wavy. Layer II (0.3-0.6 m) is a dark brown (10YR 4/2) clay that was structureless, plastic and
had no roots or gravel. The lower boundary was clear and wavy. Layer III (0.6-1.0 m) is a brown
(10YR4/3) clay that was structureless, plastic, and had no roots or gravel. The lower boundary
was clear and wavy. Layer IV (1.0-1.2 m) is a dark grayish brown (10YR 4/2) clay that was
structureless, plastic, and had no roots and no gravel. The lower boundary was clear and smooth.
Layer V (1.2-1.5 m) is a brown (10YR 4/3) clay that was structureless, plastic, and had no roots
and no gravel. The water table was reached at 0.9 m below the ground surface. This trench was
located in the center of the project area east of MƗhƗ‘ulepǌ Ditch and south of MƗhƗ‘ulepǌ Road.

Stratigraphic Trench 6 (ST-6)

ST-5 measured 9.14 m long and 0.6 m wide and was oriented at 90/270 degrees. The
trench was excavated to a maximum depth of 1.52 m and exposed two stratigraphic layers. Layer
I (0.0-0.3m) was a dark brown (10YR3/5) silty clay that was structureless, slightly plastic, and
includes roots, rootlets, and less than 1% gravel. The lower boundary was abrupt and wavy.
Layer II (0.3-1.52m) was a dark brown (10YR 3/3) clay with no roots and no gravel. The water
table was exposed at the base of this excavation. This trench was located in the center of the
project area, east of MƗhƗ‘ulepǌ Ditch and south of MƗhƗ‘ulepǌ Road.

Stratigraphic Trench 5 (ST-5)

table was exposed at the base of this excavation. This trench was located in the center of the
project area, east of MƗhƗ‘ulepǌ Ditch and south of MƗhƗ‘ulepǌ Road.
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ST-11 measured 9.14 m long and 0.6 m wide and was oriented at 180/360 degrees. The
trench was excavated to a maximum depth of 1.8 m and exposed two stratigraphic layers. Layer I
(0.0-0.4 m) was composed of dark brown (10YR4/3) silt that was structureless, slightly plastic,
and included grass roots and no gravel. The lower boundary was abrupt and smooth. Layer II
(0.4-1.8 m) is a yellowish brown (10YR5/8) silt that was fine, slightly plastic, and had no roots
or gravel included. The water table was not exposed in this excavation. This trench was located
to the west of the petroglyph boulder at Site -3094.

Stratigraphic Trench 11 (ST-11)

ST-10 measured 9.14 m long and 0.6 m wide and was oriented at 100/280 degrees. The
trench was excavated to a maximum depth of 1.8 m and exposed two stratigraphic layers. Layer I
(0.0-0.4 m) is composed of a dark brown (10YR4/3) silt that was structureless, slightly plastic,
and included grass roots and no gravel. The lower boundary was abrupt and smooth. Layer II
(0.4-1.8 m) is a yellowish brown (10YR5/8) silt that was fine, slightly plastic, and had no roots
or gravel included. The water table was not exposed in this excavation. This trench was located
to the north of the petroglyph boulder at Site -3094.

Stratigraphic Trench 10 (ST-10)

ST-9 measured 9.14 m long and 0.6 m wide and was oriented at 90/270 degrees. The
trench was excavated to a maximum depth of 1.8 m and exposed two stratigraphic layers. Layer I
(0.0-0.2 m) is composed of dark brown (10YR4.3) silt that was structureless, slightly plastic, and
includes roots, rootlets, and less than 1% gravel. The lower boundary was abrupt and wavy.
Layer II (0.2-1.5 m) is a yellowish dark brown (10YR4/4) clay that was structureless, plastic and
had no roots or gravel. The water table was exposed at the base of the excavation. This trench
was located in the center of the project area east of MƗhƗ‘ulepǌ Ditch and south of MƗhƗ‘ulepǌ
Road.

Stratigraphic Trench 9 (ST-9)

ST-8 measured 9.14 m long and 0.6 m wide and was oriented at 180/360 degrees. The
trench was excavated to a maximum depth of 1.8 m and exposed three stratigraphic layers. Layer
I (0.0-0.2 m) is a dark brown (10YR4/3) silty clay that was structureless, slightly plastic, and
included roots, rootlets, and less than 1% gravel. The lower boundary was abrupt and wavy.
Layer II is a yellowish brown (10YR5/6) clay that was structureless, plastic, and had no roots or
gravel. The lower boundary was clear and smooth. Layer III was a bluish gray (Gley 2 5/1) clay
exposed, with the water table, at the base of the excavation. This color clay was not exposed in
any other excavation and simply represents water saturated soils. This trench was located in the
center of the project area east of MƗhƗ‘ulepǌ Ditch and south of MƗhƗ‘ulepǌ Road.

Stratigraphic Trench 8 (ST-8)
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ST-15 measured 9.14 m long and 0.6 m wide and was oriented at 180/360 degrees. The
trench was excavated to a maximum depth of 1.8 m and exposed three stratigraphic layers. Layer
I (0.0-0.1 m) was composed of dark brown (10YR4/3) silty clay that was structureless, slightly
plastic, and included roots, rootlets, and less than 10% gravel. The lower boundary is abrupt and
wavy. Layer II (0.1-0.46 m) is a dark grayish brown (10YR4/6) clay that was structureless,
plastic, and had no roots and less than 1% gravel. The lower boundary is clear and wavy. Layer
III (0.46-1.52 m) is a dark grayish brown (10YR4/2) clay that was structureless, plastic, and had
no roots or gravel. Layer III was moist but the water table was not exposed in this excavation.
This trench was located immediately south of the pumping station of the “MƗhƗ‘ulepǌ 14” wells
at the northwest end of the property where MƗhƗ‘ulepǌ Road turns to the east.

Stratigraphic Trench 15 (ST-15)

ST-14 measured 9.14 m long and 0.6 m wide and was oriented at 20/200 degrees. The
trench was excavated to a maximum depth of 1.8 m and exposed two stratigraphic layers. Layer I
(0.0-0.4 m) was composed of dark brown (10YR4/3) silty clay that was structureless, slightly
plastic, and included no roots and less than 1% gravel.. The lower boundary is abrupt and wavy.
Layer II (0.4-1.8 m) is a dark yellowish brown (10YR3/6) clay that was structureless, plastic and
contained no roots or gravel. The water table was not exposed in this excavation. This trench was
located to the east of the fork in the MƗhƗ‘ulepǌ Ditch.

Stratigraphic trench 14 (ST-14)

ST-13 measured 9.14 m long and 0.6 m wide and was oriented at 40/220 degrees. The
trench was excavated to a maximum depth of 1.8 m and exposed two stratigraphic layers. Layer I
(0.0-0.4 m) was composed of dark brown (10YR4/3) silt that was structureless, slightly plastic,
and included grass roots and no gravel. The lower boundary was abrupt and smooth. Layer II
(0.4-1.8 m) is a yellowish brown (10YR5/8) silt that was fine, slightly plastic, and had no roots
or gravel included. The water table was not exposed in this excavation. This trench was located
to the east of the petroglyph boulder at Site -3094.
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ST-17 measured 9.14 m long and 0.6 m wide and was oriented at 0/360 degrees. The
trench was excavated to a maximum depth of 1.8 m and exposed four stratigraphic layers. Layer
I (0.0-0.05 m) was composed of dark brown (10YR4/3) silty clay that was structureless, slightly
plastic, and included roots, rootlets, and less than 10% gravel. The lower boundary is clear and
wavy. Layer II (0.05-0.4 m) is a mottled gray (10YR5/2) and dark brown (10YR4/3) clay that
was structureless, slightly plastic, and included roots, rootlets, and less than 10% gravel. The
lower boundary is clear and wavy. Layer III (0.4-0.88 m) is a dark yellowish brown (10YR4/6)
clay that was structureless, plastic, and had no roots or gravel. The lower boundary was clear and
wavy. Layer IV (0.88-1.52 m) is a dark gray (10YR4/2) clay. The sediment was structureless,
plastic, and included no roots or gravel. The water table was not exposed in this excavation. This
trench was located in the proposed Effluent Pond area along the western side of the property.

Stratigraphic Trench 17 (ST-17)

ST-16 measured 9.14 m long and 0.6 m wide and was oriented at 0/360 degrees. The
trench was excavated to a maximum depth of 1.8 m and exposed three stratigraphic layers. Layer
I (0.0-0.16 m) was composed of dark brown (10YR4/3) silty clay that was structureless, slightly
plastic, and included roots, rootlets, and less than 10% gravel. The lower boundary is clear and
wavy. Layer II (0.16-0.82 m) is a dark grayish brown (10YR4/2) clay that was structureless,
plastic, and had no roots and less than 1% gravel. The lower boundary is clear and wavy. Layer
III (0.82-1.52 m) is a dark grayish brown (10YR4/2) clay that was structureless, plastic, and had
no roots or gravel. The water table was not exposed in this excavation. This trench was located in
the proposed Effluent Pond area along the western side of the property.

ST-12 measured 9.14 m long and 0.6 m wide and was oriented at 100/280 degrees. The
trench was excavated to a maximum depth of 1.8 m and exposed two stratigraphic layers. Layer I
(0.0-0.4 m) was composed of dark brown (10YR4/3) silt that was structureless, slightly plastic,
and included grass roots and no gravel. The lower boundary was abrupt and smooth. Layer II
(0.4-1.8 m) is a yellowish brown (10YR5/8) silt that was fine, slightly plastic, and had no roots
or gravel included. The water table was not exposed in this excavation. This trench was located
to the south of the petroglyph boulder at Site -3094.

Stratigraphic Trench 13 (ST-13)

Stratigraphic Trench 16 (ST-16)

Stratigraphic Trench 12 (ST-12)
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Site -2250 has been interpreted herein as an agricultural heiau due to its size, construction
(uprights, paved foundation), location, and lack of cultural materials normally indicative of a kau
hale or community hale. This interpretation was also supported by community member Kalani
Pike (Branch Harmony), during a February, 2015 field visit. An agricultural heiau, also referred
to as mapele or Hale O Lono (the god of fertility) is directly associated with ceremonies to insure
the fertility of the crops. These heiau are often utilized for prayer and meditation, which could
explain the lack of cultural materials recovered during excavations of the site. Examples of
agricultural heiau include Kaneaki Heiau in Makaha (O‘ahu) and Pahua Heiau in Hawaii Kai
(O‘ahu). The differences between these agricultural heiau and the one documented herein are
quite vast though, in terms of monumental construction. While the size of each may be similar,
the actual construction was vastly different. Most heiau, including the ones mentioned for O‘ahu
above, consist of massive amounts of rocks, multiple courses of rocks piled many meters high,
and which stand out in complexity and breadth. The current Site -2250 enclosure is rather

State Sites 50-30-10-2250, -2254, and -2257 are believed to be associated with preContact and/or early historic occupation. An enclosure, State Site 50-30-10-2250, has been
identified as an agricultural heiau. Multiple test units were placed at this site. No cultural
materials were found within the enclosure. However, excavations at several locations along the
north and west walls did expose what appear to be foundations for the walls at these locations.
Built of sub-angular gravel and cobble sized basalt these were directly associated with the walls.
Excavations within the interior of the enclosure exposed no such deposit, so it is thought that
rather than a paving, the deposit represents is a construction or engineering component of the
heiau. Given the location of Site -2250 at the base of the slope off of Ha`upu Ridge, where rain
water runoff would have flowed, it would be necessary for walls to have a foundation base
course component.

A total of sixteen sites were identified during the Archaeological Inventory Survey in the
580-acre MƗhƗ‘ulepǌ project area and a 100 m wide extension of the survey northward on to
Grove Farm lands. Fifteen of the sites were newly identified during the current survey and one
site, a boulder with petroglyphs designated State Site 50-30-10-3094, was re-located. During the
survey of the main parcel a buried boulder or exposed bedrock outcrop with petroglyphs was
identified 20 m to the southeast of the primary boulder. During the survey of the 100 m
extension, approximately 70 m northeast of the primary boulder, a third feature, a large boulder
with vertical faces and petroglyphs of human figures was found. These two new features are
added to Site -3094.

DISCUSSION AND CONCLUSIONS
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The two retaining walls, Sites -2254 and -2257, are located within two different stream
bed branches upstream of where the two braid together forming the main course of Mahaulepu
Stream. Both are walls constructed of dry stacked sub-angular basalt cobbles and boulders built
into the face of the stream bank and upon earthen terraces at the base of slope into their
respective stream beds. Site -2254 appears to be primarily intact. Site -2257 has partially

Site -3094 consists of a previously identified petroglyph rock, with two other petroglyph
rocks (designated as Feature 2 and Feature 3), having been identified during the current survey.
Feature 1 is a large petroglyph boulder. Feature 2 is either exposed bedrock or a buried boulder
with two petroglyphs visible located 20 m southeast from, and in the same clearing as Feature 1.
Feature 3 is located approximately 70 m to the northeast of Feature 1, and is at the base of the
wooded slope, with several pecked figures. The petroglyphs are interpreted to be pre-Contact
features. Feature 1 is perhaps the most interesting, having a large number of petroglyphs around
the rock faces, as well as mortars and carved lines on the top of the rock. During a community
site visit in February, 2105, a gentleman (K. Pike) noted that the curved lines on the top of the
rock, leading from a circular mortar, could indeed be a map of a water spring in the area, with the
curved lines representing a drainage. He stated that it could also be that offerings were placed in
the mortar, and would “flow” down the curves and back into the lands. Both were viable
interpretations and could be equally appropriate. All three petroglyph rocks will be preserved in
perpetuity.

compact and its outline is clearly defined. The north, east and west walls are two to three courses
wide and two to three courses high. Located at the north corner entrance and the bend in the
western wall both are upright, small boulders. In terms of energy expenditure, what is viewed
today would not have taken much labor to create. However, the structure is solidly constructed
and is at present in good condition. The walls are too low for this to have served as an animal
pen. Heiau in the area, as noted above, were deconstructed to create cattle pens, pens with much
higher walls and greater enclosure space. Land Commission Award settlements were primarily
combined several hundred meters to the south of the heiau. It is possible that Site -2250 is
associated with some activity from those households. However, Site -2250 is placed at the base
of the slope off the ridge, amidst a scattering of boulders that may have been too numerous to
move, or that moving them was unnecessary as they were located within a woodland valued for
its resources. The structure being built in this location, where it was unnecessary and impractical
to dismantle, as well as a healthy respect by residents for something built by their ancestors, may
have led to the preservation of this site. That the archaeological record of the site did not allow
for dating, due to the lack of cultural materials, charcoal, coral, or midden, will undoubtedly
ensure some conversation on the chronology of the site. This site will be preserved in perpetuity.
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All of these are examples of development of the plantation infrastructure proceeding
through phases. Quarried basalt walls mortared together post-date traditional dry stacked
construction utilizing sub-angular basalt cobbles and boulders. These walls built of quarried
basalt in turn pre-date infrastructure built of concrete, but could, as in the case of Sites -2257,
and more dramatically, Site -2261, be incorporated into more recent efforts to up date the
infrastructure of the plantation. Similarly, the utilization of rail road rails into these updates is
telling. The steam driven sugar cane railroads were utilized during the late 19th and early 20th

The remaining sites consist of features constructed during various phases of the
development of sugar cane cultivation within Mahaulepu Valley. State Site 50-30-10-2261 is a
good example of this. The northern component of the bridge is constructed of boulder sized
quarried basalt blocks, with an inscription into its concrete surface giving the date “1908”. The
southern component is constructed of concrete, with an inscription on the southern face of the
curb giving the date “1951”. Furthermore, this southern curb has a metal rail constructed of a
narrow gauge rail road rail. A similar rail is affixed to Site -2260, a bridge that also has the date
“1951” inscribed into face of its concrete curb. As stated above, Site -2257 has two components,
retaining walls of boulder sized quarried basalt blocks mortared together, and a concrete bridge
mounted upon them.

The stream bed containing Site -2257 on the other hand, had a historic era feature, Site 2256, a concrete bridge with retaining walls of boulder sized quarried basalt blocks mortared
together with concrete. These retaining walls may predate the bridge but appear to post-date Site
-2257. Additionally, the stream containing Sites -2256 and -2257 has an abundance of water
worn gravels and cobbles, and sub-angular basalt cobbles and boulders strewn along the bed,
from where the stream enters the valley to its junction with the other branch of the stream. The
mixture of water worn and sub-angular basalt suggests that this stream bed was not so
thoroughly modified during plantation operations, and that the sub-angular cobbles and boulders
may be from traditional structures cleared from the valley floor during other plantation
operations. It is possible that the function of both of these retaining walls may be related to mid19th century LCA activities in the valley. The walls may predate this era or could be even be
associated with the earliest activities for the development of Koloa Plantation

collapsed at its western end but the remainder appears solid. Whenever these walls were built,
they have weathered the course of time well. Of note is that the stream bed containing Site -2254
has been modified in recent years by the construction of Site -2255, four culvert bridges for the
conveyance of agricultural equipment. This stream bed was nearly empty of gravels, cobbles, or
boulders.

134

The primary 20th Century modification to the valley was the drilling of wells to feed the
Mahaulepu Reservoir. Ditches discovered during the current project led to and from the northern
and southern ends of the reservoir, with pipelines extending to the ditch that paralleled the
Mahaulepu stream course. Clearly, the reservoir was taking water out of the valley to other fields
of the Koloa area plantation. There is no evidence that these modifications were built on the

That the valley was intensively transformed for the industrial-level of sugar cane
cultivation is well documented. The many bridges, culverts, ditches, and sluice gates all speak to
the incredible management, especially of water to the thirsty sugar cane, needed to produce such
a crop. While the landscape contains such infrastructure, it was also destructive to the earlier
archaeological record. Such massive landscape changes often results in the destruction of earlier
sites, such as kuleana walls, mounds, enclosures, and other residential structures. Such is the tide
of change. The importance of the Plantation era to the economics and lifestyle of the 19th and
20th centuries in MƗhƗ‘ulepǌ and the greater Koloa region is vastly important to understanding
the entire chronology and land use of the area.

The development of fuels for engines beyond steam power also allowed for
improvements to irrigation. Not having to rely on gravity, rainfall, wind power or steam engines,
wells could be drilled and the water pumped from well stations into places such as Site -2258,
the Mahaulepu Reservoir. From the Reservoir, ditches, probably existing from earlier phases,
were improved to carry increased flow along the valley edges and directed into desired areas.

The date “1951” inscribed on two bridges is another indicator of change. The plantation
flourished with the world economy, doing well in the early 20th century up until The Great
Depression. Followed by the tumult of World War II, it would have been a leaner decade for
landowner Koloa Plantation than hoped for. This may have led to the sale of the plantation from
Koloa Plantation to Grow Farms in 1948. Improvement of the infrastructure by the new owners
is marked by the inscription of the date, “1951” during which some of these improvements
occurred.

centuries, post-dating the use of draft animals. The rail road lines were designed to be
transported and laid into fields where needed during harvest. The use of the rail coincided with
the use of steam-powered tractors, which also took over from draft animals. The age of steam
came to an end in the third decade of the 20th Century, and was replaced by gas, diesel and oil
powered vehicles. The use of trucks required the improvement of the infrastructure, in the form
of more bridges and roads. As the 20th Century proceeded, so too did the improvement in size
and power of these vehicles, once again requiring the improvement of the infrastructure. While
rail roads were no longer necessary, the rails could still be used in new ways.
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Overall, there was no evidence on the ground for any trails connecting the project area to
the eastern ridgeline. Only sporadic pig trails were present. Given that pedestrian traffic up and
along ridgelines would have been the norm, it is certainly possible that what are today animal
trails are the current usage of traditional paths. However, there are easier ways to gain the heights

Formal survey was conducted of a 100 meter swath outside the project area boundaries
and informal survey along the base of the valley’s slopes and up toward the ridgeline to ascertain
the presence/absence of trails to the ridgeline. The crew hiked to just below the summit of the
ridgeline, which proved to be inaccessible from this location.

Finally, the Kaua`i archaeologist (SHPD) emphasized the need to consider potential trails
in the area, particularly those that would lead to the top of the ridgeline to the east. Given the
reported presence of Keolewa Heiau, on Ha`upu Ridge, and a former heiau, Hanakalauea Heiau,
within the valley, this could indicate that pre-Contact/Historic era trails may have connected the
project area to the upper ridgeline. Despite written reports of the presence of Keolewa Heiau,
there are no first hand accounts of the presence of such a religious structure, and it may be that
the crest of the mountain was regarded as holy, but no structure was ever constructed and
sanctified through ceremony to make it so. A place so spectacular as a mountain top does not
need a man made structure to make it consecrated.

However, it has been borne out by the current research, in some areas, the deeper past is
preserved, both within the fields and on their outer reaches. Site -3094 and Site -2250 remain
intact and are thought to represent pre-Contact ceremonial pursuits in a valley rich with history.
That the Site -3094 boulder was preserved, when all around it sugar cane was cultivated, speaks
to its importance. Intensive transformation occurred in the valley, which is why Feature 2 of Site
-3094 was such an interesting find: it occurred beneath the grasses, in the only location which
mechanical stratigraphic test trenching showed not to have been impacted by sugar cane
cultivation.

Sugar cane cultivation required plowing operations that could reach depths of up to 1
meter below ground surface. Nearly one hundred years of these operations have scoured the
MƗhƗ‘ulepǌ Valley floor. No cultural materials of any era were found during pedestrian survey
of the valley floor. Areas identified on historic maps as having been wells and pumping stations,
as well as Land Commission Award settlements had no materials or artifacts which could be
attributed to the former occupants.

backs of historic or traditional irrigation systems. It must be kept in mind that the intensity of
sugar cane cultivation operations erased a great deal of evidence of previous occupation.
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Criterion E: Site has cultural significance; probable religious structures or burials
present (State of Hawai‘i criteria only).

Criterion D: Site has yielded or has the potential to yield information important in
prehistory or history;

Criterion C: Site is an excellent site type; embodies distinctive characteristics of a type,
period, or method of construction, or represents the work of a master, or
possesses high artistic values, or represents a significant and
distinguishable entity whose components may lack individual
construction;

Criterion B: Site is associated with the lives of persons significant to our past;

Criterion A: Site is associated with events that have made a significant contribution to
the broad patterns of our history;

All sixteen sites documented (and re-identified) during the current AIS have been
evaluated for significance according to the criteria established for the State and National Register
of Historic Places. The five criteria are listed below:

SIGNIFICANCE ASSESSMENTS

Overall, the findings of the AIS were as somewhat predicted, given the intensive land use
during the 19th and 20th centuries in the project area. It was also interesting to note that the heiau
was identified, and occurred in non-cleared areas above the project area flat lands. Plantation-era
features dominate the current landscape, as expected, given the industrial nature of the
cultivation and process.. It is within this vein that the proposed project would move forward, also
potentially utilizing the soils and infrastructure (ditches, etc.) created during this large-scale land
alteration period.

Older maps also do not show access routes up to the ridgeline (see above). It is worth
noting that when a survey was conducted of the ridgeline itself, no trails were evident and
archaeologists had to be dropped by helicopter and cleared their way through the survey area
(McMahon 1996). However, while no information on possible trails has been obtained yet via
maps and informal ground survey, there is the possibility that older generations may recall trails
in the area. This will be one component of the soon to be started Cultural Impact Assessment
(CIA) for this project, with the CIA author also interviewing OHA staff to see if they may
provide more information on trails in the area.

of the ridge, and traditional occupants may not have found it necessary to modify their
environment. This interpretation was supported during a February, 2015 field visit with
community members. No one trail was clearly identified in the vicinity of the project area.

Ditch, Gate

Ditch, Gates

Ditch

Retaining Wall

Culvert Bridges

Bridge

Retaining Wall

Reservoir

Ditch

Bridge

Bridge

Bridge

Pipe/Foundation

Flume, Gates

Petroglyphs

2251

2252

2253

2254

2255

2256

2257

2258

2259

2260

2261

2263

2264

2262

3094

*NFW=No Further Work

Enclosure

2250

Ceremonial

Irrigation

Irrigation

Transport

Transport

Transport

Irrigation

Water Storage

Soil Retention

Transport

Irrigation

Soil Retention

Irrigation

Irrigation

Irrigation

Ceremonial

137

2

3

1

1

1

1

1

1

1

1

4

1

1

3

2

1

D; NFW
D, E; Preservation

PreContact

D; NFW

D; NFW

D; NFW

D; NFW

D; NFW

Historic

Historic

Historic

Historic

Historic

Historic

D; NFW

D; NFW

Pre-Contact
or early
historic

Historic

D; NFW

Historic

D; NFW

D; NFW

Pre-Contact
or early
historic

Historic

D; NFW

D; NFW

D; *NFW

D, E; Preservation

Significance,
Recommendations

Historic

Historic

Historic

PreContact

Table 1. Site Descriptive Data, Significance, and Recommendations.
SIHP No.
Site Type
Function
# Features
Age
50-30-10-

Table 1 provides descriptive information on the sites, their significance, and recommendations.

RECOMMENDATIONS

138

A total of sixteen historic properties occur in the 580-acre project area and 100 meter
zone along the northern flank of the project area. Two of the sixteen sites have been evaluated as
significant under multiple criteria herein and are recommended for preservation. Both the Site 2250 enclosure and the Site -3094 petroglyphs are recommended for preservation. Both of these
sites occur off-site, not within the proposed footprint of the proposed dairy. A Preservation Plan
for these two sites should be prepared and submitted to the SHPD for approval, to preserve these
sites in perpetuity. Fourteen of the sixteen sites are associated with Plantation-era sugar cane
cultivation. A majority of these sites are in fair-good condition. While representing an interesting
time period in the history of the Koloa-MƗhƗ‘ulepǌ area, no further work is recommended for
these sites. In addition, trenching failed to yield any cultural materials in the most likely
locations of past habitation. No monitoring is recommended during any ground altering work in
the project area.
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Exhibit C

The AIS newly identified 16 historic properties within the project area, and relocated State Site 50-30-10-3094, a
large boulder with at least 20 anthropomorphic characters represented, as well as two pecked “cups” or basins. The
report states that SCS located a second petroglyph rock associated with Site 3094, which is identified in the report as
Feature B. A third petroglyph boulder, referenced in the report as Feature C, is approximately 70 meters from Site
3094. Sites 2251 through 2262 are associated with plantation-era infrastructure and include irrigation ditches, two
bridges, a reservoir, retaining wall, and sluice gates. Site 2250 is located on the slopes below Mt. Ha‘upu and
included in the revised, expanded project area. The site is an enclosure which the report concludes is an agricultural
heiau due to the absence of artifacts during subsurface testing, and proximity to LCAs associated with agricultural

The commercial dairy will require the modification of existing dirt roads, grading of ground surfaces for the
construction of buildings, the excavation of effluent ponds, and the excavation of pipelines for the watering of cattle.
According to conversations with SCS staff, we understand about 499 head of cattle will be retained in the project
area.

The archaeological inventory survey (AIS) of the 580 acre subject property was conducted at the request of the
landowner, Hawaii Dairy Farms, LLC. The project area defined by the landowner includes the valley floor of
0ƗKƗµXOHSǌ9DOOH\DUHODWLYHO\OHYHOSODLQIUDPHGE\0W+DµǌSX5LGJHDQG0RXQWDLQWRWKHQRUWKDQGWZRULGJHV
on the east and west, forming a large, natural amphitheater. The east and west ridges also serve as ahupua‘a dividing
lines, with Kipu Kai to the east, and Pa‘a on the west. Based on the geological formation of the ridgeline framing the
project area, the State Historic Preservation Division (SHPD) Kaua‘i section initially recommended that the project
area be defined as the entire area from the ridgeline down. After subsequent negotiations, Scientific Consultant
Services (SCS) and the landowner agreed to expand the project area approximately 100 meters upslope in all
directions. SHPD continues to have concerns that the project area does not include indirect effects of the proposed
dairy on historic properties upslope.

Thank you for submitting the revised subject draft plan entitled Archaeological Inventory Survey of 580-Acres in
0ƗKƗµXOHSǌ $KXSXDµD .RORD District, Kaua‘i Island, Hawai‘i [TMK: (4) 2-9-003:001 por. and 006 por; 2-9001:001 por.] J. Putsi., M. Ching, J. Powell, M. Dega, Ph.D. We received the initial draft on September 25, 2014,
which was received on December 3, 2014 (Log No. 2014.04405, Doc. No. 1410MN02). We received the revised
copy February 20, 2015, and apologize for the delay in review.

SUBJECT:

Dear Mr. or Ms.:

Hawaii Dairy Farms, LLC
737 Bishop Street, Suite 2360
Honolulu, HI 96813

April 13, 2015

GOVERNOR OF HAWAII

cc. Mike Dega, Scientific Consultant Services (mike@scshawaii.com)

Susan A. Lebo, PhD
Oahu Lead Archaeologist
Acting Archaeology Branch Chief

Aloha,

Additional revisions are necessary to meet the requirements of HAR§13-276 prior to approval of the AIS.
0ƗKƗµXOHpu ahupua‘a remains culturally significant and contains unusual pre-Contact sites (the petroglyph boulders)
as well as several heiau, although most have been destroyed. The Office of Hawaiian Affairs has produced
documentation referring to Mt. Ha‘upu as a traditional cultural property (TCP), and numerous individuals have
provided consultation to the cultural importance of this area. Please expand on this in the discussion and conclusion.
In addition to the recommendations for preservation, please provide potential mitigations for indirect effects of the
proposed dairy on these sites. Attached please find a list of revisions or requests for clarification prior to the
acceptance of the AIS. An electronic revised copy may be submitted to the Kaua‘i section. PleDVHFRQWDFW.DXDލL
archaeologist Mary Jane Naone at (808) 271-4940 or Maryjane.naone@hawaii.gov if you have any questions
regarding this letter.

The plantation-era sites are assessed for significance under Criteria “d” of HAR §13-284-6, with potential to yield
data important for research on prehistory or history, and Sites 2250 (a ceremonial enclosure) and 3094 (petroglyph
boulders) are recommended as significant under Criteria “d” and “e,” which states the Site (s) “has an important
value to the native Hawaiian people or to another ethnic group of the state due to associations with cultural practices
once carried out, or still carried out, at the property or due to association with traditional beliefs, events or oral
accounts – these associations being important to the group’s history and cultural identity.” Sites 2250 (Enclosure)
and 3094 are recommended for preservation, with preparation of a preservation plan, and Sites 2251-2262 are
recommended for “no further work.” In addition, the report states that “no archaeological monitoring is
recommended” during any ground altering work in the project area.

encampments. Seventeen backhoe trenches were excavated within various portions of the property and partly
informed by consultation with SHPD; these included subsurface testing within previous known LCA encampments,
and near Site 2250 and Site 3094. A single artifact was recovered, a chopper tool within Site 2250.

Hawaii Dairy Farms, LLC
April 13, 2015
Page 2

Archaeological Inventory Survey Results
10. On page 45, the text notes that Site 3094 and Site 2250 occur “off-site”, but the Site description for Site
2250 says that the site occurs in Paddock P-163.
11. Please include Sites 2250 and 3094 within the maps showing the locations of historic properties.
12. When consulted over the placement of test units within the structure, believed originally to be a kauhale,
SHPD Kaua‘i Lead Archaeologist agreed that 2-3 shovel test pits were appropriate for assessing subsurface
stratigraphy and the presence or absence of cultural deposits. An increase in the number of test units should
have been informed by SHPD; a 1x1 test unit can be perceived as “data recovery” and is not appropriate for
an archaeological inventory survey, unless explicitly agreed upon.
13. Please provide some context for the interrelation of the irrigation ditches. Are historic maps or photographs
showing the ditches available? How would the ditch configuration provide irrigation to the project area, and
if the ditch segments connected continuously over time, or were used differently during various periods of
cultivation. A map of the project area, overlaid with the actual course of the irrigation ditches, would
provide context for their historical use.
14. Please provide plan view drawings for the features within Site 2252, in accordance with HAR13-276-5 (4) f.
15. As previously noted, there is no photograph or site map for Site 2253.
16. Please describe the size of the rocks within the dry set features, and the number of courses.

Consultation
8. Please list the several people that Milton Ching conducted consultation with.
9. Is Kalani Pike the correct name? I’ve seen Kalanikumai, Branch Harmony, or Zachariah Harmony. All of
the individuals that have provided insight on the AIS should be included within the consultation section.

Previous Archaeology
5. The description of Site 3094 within this section refers to a large boulder sitting “isolated” in a pasture.
Actually, two additional boulders containing petroglyphs are within the immediate area.
6. Please provide a graphic within this section to show the relationship of the sites identified within the project
area to the larger landscape.
7. Please provide a graphic or table showing the location of previous studies nearby the project area.

Traditional and Historic Setting
3. Were any historic photographs located for the project area?
4. The assertion that “pre-Contact sites have been most commonly identified in coastal or near coastal areas,
locations removed from intensive sugar cane production” is misleading. As stated in our previous request for
revisions, Kaua‘i contains a multitude of inland pre-Contact sites that defy this assertion: including extensive
agricultural complexes inland in areas such as Waimea Canyon and Makaweli, inland habitation sites, Heiau
at significant locales on the interior of the islands, and numerous loko wai and loko i‘a-kala, inland
fishponds. In fact, sugar cane cultivation often followed cultivation of previous crops dating back to preContact times. There is not sufficient data to analyze archaeology within areas of intensive sugar cane
cultivation, particularly in Kaua‘i, where previously cultivated fields have been largely un-surveyed, based
on the assumption that there’s nothing there. In addition, if coastal sites have been more commonly
identified, it’s likely a result of modern land use (coastal areas being more desirable for development) rather
than an indication that pre-Contact peoples did not use the interior or the island. The text illustrates this later
– in the section “Site distribution and chronology” (pg 41).

Introduction
1. Starting with cover, revise throughout to present TMK in numerical order to facilitate filing which is by
TMK; TMK: (4) 2-9-001:001 por., 2-9-003:001 por., 2-9-003:006 por.
2. The landowner must be identified, pursuant to HAR§13-276-5(a)(2). The last copy stated that Hawaii Dairy
Farms, LLC (HDF) was leasing the property; this copy refers to HDF as the landowner. Please verify in the
final copy.

ATTACHMENT
Comments and Questions: Revised Archaeological Inventory Survey of 580-$FUHVLQ0ƗKƗµXOHSǌ$KXSXDµD
Koloa District, Kaua‘I Island, Hawai‘i [TMK: (4) 2-9-003:001 por. and 006 por; 2-9-001:001 por.]
J. Putsi., M. Ching, J. Powell, M. Dega, Ph.D.

Hawaii Dairy Farms, LLC
April 13, 2015
Page 3

Recommendations
23. The recommendations section states that Sites 2250 and 3094 should be preserved via a preservation plan.
Please provide information on what is being proposed for the remainder of the sites. Will these be
“passively preserved”, or are they slated for alteration, modification or destruction? What affect will the
proposed dairy have on these sites? Please indicate if the reservoir and traditional irrigation systems will be
used by the dairy, and how.

Discussion and Conclusions
22. During consultation throughout this project, the Kaua‘i archaeologist emphasized the need to consider
potential trails to the ridgeline, as well as discuss the cultural importance of the ridgeline, which was deemed
a traditional cultural property (TCP) in an Office of Hawaiian Affairs (OHA) letter report included in the
National Park Service survey of the MƗKƗµXOHSX FRDVW   :H UHFRPPHQGHG FRQWDFWLQJ 2+$ WR JHW
more information about the report, as well as sources for this information. We understand SCS will be
preparing a cultural impact assessment, but please provide additional discussion of these aspects of the
project area and what your findings were in the conclusion.
23. These statement is incorrect “Most heiau… consist of multiple courses of rocks piled many meters high, and
which stand out in complexity and breadth”. While it’s true many Heiau have those characteristics, there are
also many examples of Heiau throughout Hawaii that do not fit these criteria (reference “The Significance of
Heiau Diversity in Site Evaluations”, C. Cachola-Abad, Cultural Resource Management Volume 19, No 8,
1996).
24. Please include a brief description of the sole artifact and its relationship to Site 2250.

17. There is no attempt to specifically provide context for either the reservoir, the bridges or the irrigation
ditches. One of the bridges has been altered from its original construction in 1908, and the bridges contain
hand rails made from iron, narrow gauge rails from the previous cane railroad. When were these constructed,
and by whom? Who constructed the reservoir, and why?
18. The site description for Site 2258 (the reservoir) lacks a description of the construction and other basic
information stipulated in §HAR13-276-5(4).
19. Site 2262 has no photograph or map, and features an irrigation flume, as well as two sluice gates, one which
has incorporated part of a former railroad rail. Please provide photographs and maps for the features.
20. Feature 3 of Site 3094 is 70 meters away and no rationale is provided justifying it’s inclusion in Site 3094.
Please prepare a site number request, GIS coordinates, and site description for Feature 3 and include the new
site number in the revised copy, as a separate site.
21. Site 3094 Feature 2 was not included in the site requests that SCS made for this project. Please prepare
documentation and provide GIS coordinates for Feature 2 and submit to SHPD. Please provide sufficient
rationale for why Feature 2 is associated with Feature 1 and belongs to the same site.

Hawaii Dairy Farms, LLC
April 13, 2015
Page 4
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480
1,662
139
1,779
89
2,595
56
3,877
18
(D)
21
6,351
26
34,494
7
7
(D)
(D)
5
20
2
(D)
610
545
42,506
42,258

666
2,366
189
2,390
144
4,280
76
5,128
28
(D)
33
10,407
37
43,237
12
15
(D)
2,296
10
35
2
(D)
903
855
60,082
63,183
518
1,970
126
1,569
114
3,526
55
3,539
27
3,509
40
12,474
23
33,495

2012 farms by inventory:
1 to 9 ..................................................................... farms
number
10 to 19 ................................................................. farms
number
20 to 49 ................................................................. farms
number
50 to 99 ................................................................. farms
number
100 to 199 ............................................................. farms
number
200 to 499 ............................................................. farms
number
500 or more .......................................................... farms
number

Milk cows ............................................................ farms, 2012
2007
number, 2012
2007

2012 farms by inventory:
1 to 9 ..................................................................... farms
number
10 to 19 ................................................................. farms
number
20 to 49 ................................................................. farms
number
50 to 99 ................................................................. farms
number
100 to 199 ............................................................. farms
number
200 to 499 ............................................................. farms
number
500 or more .......................................................... farms
number

Other cattle (see text) ............................................. farms, 2012
2007
number, 2012
2007

2012 farms by inventory:
1 to 9 ......................................................................... farms
number
10 to 19 ..................................................................... farms
number
20 to 49 ..................................................................... farms
number
50 to 99 ..................................................................... farms
number
100 to 199 ................................................................. farms
number
200 to 499 ................................................................. farms
number
500 or more .............................................................. farms
number

220 Hawaii

829
589
(D)
(D)

1,173
853
(D)
86,000

Beef cows ........................................................... farms, 2012
2007
number, 2012
2007

366
1,469
91
1,122
61
1,891
29
1,905
23
3,005
26
8,205
14
24,909

832
592
55,553
65,835

42
143
16
(D)
18
568
11
731
1
(D)
8
2,394
4
(D)

100
101
7,231
5,887

-

1
(D)

57
261
13
156
29
897
7
466
3
425
8
2,705
4
2,636

121
93
7,546
(D)

121
94
7,546
6,599

--continued

93
316
11
130
23
677
7
389
2
(D)
5
(D)
4
4,823

145
158
8,116
12,189

-

4
4

111
397
28
333
20
574
8
485
3
429
2
(D)
6
(D)

178
128
8,297
12,746

178
132
8,297
12,750

USDA, National Agricultural Statistics Service

2012 Census of Agriculture - County Data

17
42
8
(D)
12
390
8
514
1
(D)
1
(D)
1
(D)

48
51
2,229
2,849

5
15
-

5
3
15
(D)

18
46
9
122
6
214
5
300
4
403
2
(D)
1
(D)

45
43
2,464
(D)

50
46
2,479
3,112

110
95
454
369
34
36
426
476
27
17
720
599
15
15
972
1,055
6
11
679
1,706
4
7
978
2,350
8
9
12,184
18,384

1,181
864
73,875
88,296

51
57
245
268
15
22
(D)
311
30
18
870
(D)
13
11
892
750
9
7
1,089
892
5
5
1,650
1,223
10
9
(D)
(D)

Cows and heifers that calved ................................... farms, 2012
2007
number, 2012
2007

24
13
76
66
11
7
(D)
72
8
15
306
(D)
5
9
365
580
8
8
1,142
860
3
8
1,157
2,970
1
1
(D)
(D)
472
465
41,357
47,332
26,824
30,476

711
713
56,159
70,567
37,825
44,011

Cattle and calves sold ................................................ farms, 2012
2007
number, 2012
2007
$1,000, 2012
2007

424
475
28,275
43,102
189
724
70
911
68
2,109
46
2,985
20
2,715
19
5,653
12
13,178
513
457
27,884
27,465
303
891
79
1,087
60
1,903
27
1,879
16
2,358
16
5,193
12
14,573

Calves weighing less than 500 pounds,
sold ....................................................................... farms, 2012
2007
number, 2012
2007
2012 farms by number sold:
1 to 9 ........................................................................ farms
number
10 to 19 .................................................................... farms
number
20 to 49 .................................................................... farms
number
50 to 99 .................................................................... farms
number
100 to 199 ................................................................ farms
number
200 to 499 ................................................................ farms
number
500 or more .............................................................. farms
number
Cattle, including calves weighing 500 pounds
or more, sold ........................................................ farms, 2012
2007
number, 2012
2007
2012 farms by number sold:
1 to 9 ......................................................................... farms
number
10 to 19 .................................................................... farms
number
20 to 49 ..................................................................... farms
number
50 to 99 ..................................................................... farms
number
100 to 199 ................................................................. farms
number
200 to 499 ................................................................. farms
number
500 or more ............................................................... farms
number

USDA, National Agricultural Statistics Service

2012 Census of Agriculture - County Data

371
1,308
105
1,407
90
2,889
56
3,961
34
4,561
28
8,526
27
33,507

2012 farms by number sold:
1 to 9 ............................................................................ farms
number
10 to 19 ........................................................................ farms
number
20 to 49 ........................................................................ farms
number
50 to 99 ........................................................................ farms
number
100 to 199 .................................................................... farms
number
200 to 499 .................................................................... farms
number
500 or more .................................................................. farms
number

180
520
58
803
41
1,355
24
1,644
6
864
10
3,113
8
10,181

327
297
18,480
13,257

139
555
44
573
49
1,594
33
2,176
12
1,655
10
3,146
12
13,178

299
307
22,877
34,075

238
869
77
1,068
58
1,914
41
3,009
22
2,789
15
4,407
21
27,301

5
(NA)
(D)
(NA)

10
(NA)
(D)
(NA)

Milk from cows (see text) ............................................ farms, 2012
2007
$1,000, 2012
2007

SALES

-

5
(D)

-

15
225

Hawaii

2012 farms by inventory:
1 to 19 ...................................................................... farms
number
20 to 49 .................................................................... farms
number
50 to 99 .................................................................... farms
number
100 to 199 ................................................................ farms
number
200 to 499 ................................................................ farms
number
500 or more .............................................................. farms
number

Cattle on feed (see text) ......................................... farms, 2012
2007
number, 2012
2007

467
312
1,931
1,364
176
132
2,269
1,851
110
131
3,161
3,658
64
61
4,516
3,937
34
53
4,632
7,170
29
41
8,761
11,253
37
32
72,789
78,860

204
190
16,413
24,939

652
477
2,706
2,067
236
197
3,065
2,710
175
181
5,057
5,317
97
96
6,745
6,322
57
79
7,542
10,628
41
61
12,546
17,796
56
51
96,296
106,639

133
129
14,777
12,486

Farms by inventory:
1 to 9 ................................................................... farms, 2012
2007
number, 2012
2007
10 to 19 ............................................................... farms, 2012
2007
number, 2012
2007
20 to 49 ............................................................... farms, 2012
2007
number, 2012
2007
50 to 99 ............................................................... farms, 2012
2007
number, 2012
2007
100 to 199 ........................................................... farms, 2012
2007
number, 2012
2007
200 to 499 ........................................................... farms, 2012
2007
number, 2012
2007
500 or more ........................................................ farms, 2012
2007
number, 2012
2007

60
61
4,708
5,961

Cattle and calves - Con.

917
762
98,059
108,093

1,314
1,142
133,957
151,479

Cattle and calves ......................................................... farms, 2012
2007
number, 2012
2007

Hawaii

Honolulu

Item
INVENTORY - Con.

Maui

INVENTORY

Kauai

[For meaning of abbreviations and symbols, see introductory text.]
Honolulu

Item

Hawaii

[For meaning of abbreviations and symbols, see introductory text.]

Hawaii

Table 11. Cattle and Calves – Inventory and Sales: 2012 and 2007 (continued)

Table 11. Cattle and Calves – Inventory and Sales: 2012 and 2007

16
47
4
(D)
6
(D)
1
(D)
1
(D)

28
24
1,772
5,501

11
47
4
57
2
(D)
3
196
2
(D)
1
(D)
-

23
35
909
1,359

23
92
2
(D)
6
193
3
176
4
(D)
1
(D)

39
47
2,681
6,860
1,794
5,178

5
(NA)
90
(NA)

-

-

Kauai

35
97
5
(D)
8
261
1
(D)
8
(D)
2
(D)
1
(D)

60
63
2,718
2,176

8
35
13
174
12
334
4
239
4
475
5
1,284
-

46
55
2,541
2,878

32
86
12
141
17
545
5
291
7
(D)
7
2,201
2
(D)

82
90
5,259
5,054
3,975
2,667

(NA)
(NA)

-

10
(D)

72
227
12
158
5
(D)
2
(D)
1
(D)
4
(D)
2
(D)

98
73
4,914
6,531

31
87
9
107
5
(D)
6
374
2
(D)
3
(D)
-

56
78
1,948
4,790

78
261
14
(D)
9
237
7
485
1
(D)
6
1,918
3
(D)

118
111
6,862
11,321
5,231
5,689

(NA)
(NA)

-

-

Hawaii 221

--continued

Maui

Item

-

2012 farms by number sold:
1 to 19 ................................................................... farms
number
20 to 49 ................................................................. farms
number
50 to 99 ................................................................. farms
number
100 to 199 ............................................................. farms
number
200 to 499 ............................................................. farms
number
500 or more .......................................................... farms
number

222 Hawaii

57
292

Hawaii

Cattle on feed sold (see text) ............................... farms, 2012
2007
number, 2012
2007

Cattle and calves sold - Con.
Cattle, including calves weighing 500 pounds
or more, sold - Con.

SALES - Con.

[For meaning of abbreviations and symbols, see introductory text.]
Hawaii

-

31
156
-

2
(D)

Kauai

-

15
(D)

Maui

-

9
17

USDA, National Agricultural Statistics Service

2012 Census of Agriculture - County Data

Honolulu

Table 11. Cattle and Calves – Inventory and Sales: 2012 and 2007 (continued)
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Eisen, Thomas H.
Segundo, Leslie; Bohlen, Edward G
Glenn, Scott J.; McIntyre, Laura
RE: dairy farm distr matrix
Wednesday, March 30, 2016 13:06:51

________________________________________

-----Original Message----From: DeLisle, Margaret A.
Sent: Wednesday, March 30, 2016 12:39 PM
To: Eisen, Thomas H. <Thomas.Eisen@doh.hawaii.gov>
Subject: Fw: dairy farm distr matrix

Mahalo, Tom

What do think about this situation?

Our thoughts are to notify them that they'll need to resubmit the document without any reference to "voluntary" for
us to be able to process their request.

So things are apparently starting to move forward on this controversial project. We note, however, Group 70's Letter
of Transmittal refers to the project as a "voluntary" EIS in their description of the transmitted document. I was
under the impression they were quite aware of our reluctance to process a voluntary EIS; perhaps this was merely a
clerical oversight, as the term "voluntary" was not used in the next paragraph.

Ted, we received this "preliminary distribution list" for the Hawaii Dairy Farm draft EIS, for our review and
comment.

-----Original Message----From: Eisen, Thomas H.
Sent: Wednesday, March 30, 2016 12:53 PM
To: Bohlen, Edward G <Edward.G.Bohlen@hawaii.gov>
Cc: Glenn, Scott J. <scott.glenn@doh.hawaii.gov>; Segundo, Leslie <Leslie.Segundo@doh.hawaii.gov>; McIntyre,
Laura <Laura.McIntyre@doh.hawaii.gov>
Subject: FW: dairy farm distr matrix

les

Irrespective of what the document is called, the use of the adjective "voluntary", in my thinking does not obviate the
possibility of any legal challenges to the document under Section 7 of HEPA.

-----Original Message----From: Segundo, Leslie
Sent: Wednesday, March 30, 2016 1:00 PM
To: Eisen, Thomas H. <Thomas.Eisen@doh.hawaii.gov>; Bohlen, Edward G <Edward.G.Bohlen@hawaii.gov>
Cc: Glenn, Scott J. <scott.glenn@doh.hawaii.gov>; McIntyre, Laura <Laura.McIntyre@doh.hawaii.gov>
Subject: RE: dairy farm distr matrix

I quite agree with you, that the EIS would be subject to challenge per 343-7, even if it were processed as a
"voluntary" EIS; the real question (at least in my mind) would be, if the (voluntary) EIS were challenged, could the
proponents then voluntarily choose to ditch the EIS process and continue on to project implementation, while the
legal challenge becomes a legally irrelevant side-show?

From:
To:
Cc:
Subject:
Date:

For more information on Xerox products and solutions, please visit http://www.xerox.com

multifunction device Location: machine location not set Device Name: XRX0000AAD456F8

Attachment File Type: pdf, Multi-Page

Please open the attached document. It was scanned and sent to you using a Xerox multifunction device.

From: oeqc@doh.hawaii.gov <oeqc@doh.hawaii.gov>
Sent: Wednesday, March 30, 2016 12:10 PM
To: DeLisle, Margaret A.
Subject: dairy farm distr matrix
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Glenn, Scott J.
Eisen, Thomas H.; McIntyre, Laura; Bohlen, Edward G
Segundo, Leslie
RE: HDF developments
Friday, April 15, 2016 09:49:02

From: Eisen, Thomas H.
Sent: Thursday, April 14, 2016 2:04 PM
To: McIntyre, Laura ; Bohlen, Edward G
Cc: Glenn, Scott J. ; Segundo, Leslie
Subject: HDF developments
As you may know, Group 70 is closing in on their planned submission of a DEIS for the Hawaii Dairy
Farm. Recently they submitted a request for us to review their Distribution List, per the requirement
in the HAR. In submitting the DList to us, they referred to the DEIS as voluntary; we responded by
saying we would not process any request related to a voluntary EIS.
Today, FYI, in a teleconference with Jeff & Barrie of G70 and Scott, Les & I, they readily agreed to
drop any reference to “voluntary” in materials related to the EIS. They will soon resubmit the DList
to our office for our verification. To be clearly legal, they will follow up their electronic submission
with a hardcopy version.
Further, we discussed the level of detail in their responses to Prep Notice comments (verbiage in
their responses could be “summary” in nature, as long as they included references to detailed
discussion of relevant points in the body of the DEIS), as well as the timing of their response letters
(mailing them out to coincide with the publication in TEN of the availability of the DEIS).
Scott & Les, did I omit anything else of signficance that arose in the call?
Tom Eisen, Planner
Office of Environmental Quality Control
Department of Health
State of Hawai'i
(808) 586-4185
NOTE: OEQC’s role is to facilitate Hawai`i’s environmental review process and to provide advice to
agencies, applicants, consultants and the public. OEQC is not authorized to make determinations on
exemptions, EA or EIS documents. Pursuant to Chapter 343, HRS, all such determinations are made
by relevant agencies, county Mayors or the Governor. Upon request, OEQC may make a
recommendation as to the acceptability of a Final EIS.

Thanks, Tom, I think that captures the main points. They clearly want to be careful about going
through the process and to meet all legal requirements.

From:
To:
Cc:
Subject:
Date:

Exhibit 31

Exhibit 32

,·.-- I-

...,;.,.,,:

1

-f..,,..,,

-·

·�
I
-·

+--

-

Exhibit 33

Exhibit 34

Exhibit 35

Exhibit 36

*OHQQ6FRWW-
)ULGD\-XQH30
(LVHQ7KRPDV+
5H



:ĞĨĨĐĂůůĞĚ͕ƐĞĞŵĞĚŽŬǁŝƚŚƚŚĞďůĂŶĚŶĞƐƐŽĨ͞dŽĞĞƚĞƌŵŝŶĞĚ͟Žƌ͞,Z^ϯϰϯͲϱ͟

dŽŵŝƐĞŶ͕WůĂŶŶĞƌ
KĨĨŝĐĞŽĨŶǀŝƌŽŶŵĞŶƚĂůYƵĂůŝƚǇŽŶƚƌŽů
ĞƉĂƌƚŵĞŶƚŽĨ,ĞĂůƚŚ
^ƚĂƚĞŽĨ,ĂǁĂŝΖŝ
;ϴϬϴͿϱϴϲͲϰϭϴϱ
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HAWAI‘I DAIRY FARMS
RESPONSE TO COMMENTS PROVIDED BY
KAWAILOA DEVELOPMENT

ᦣ  Environmental Impact Statement (EIS)
¢¢ᦣóǡÛ ǡᦣǡ ᦣ
 


The assertion that the proposed dairy is without precedent ignores the current beef
and dairy industry in ᦣi, and does not consider the huge decline in the State’s
dairy industry over the past 30 years. In 1984, approximately 12,100 cows
produced all of the milk consumed in the State. Since then, 20 of the 22 dairies have
closed, and Hawaiᦣi imports 90 percent of its milk. In 1984, the State’s population
was approximately 1.23 million residents and visitors. Today, the current de facto
population is approximately 1.58 million people, an increase of approximately 28
percent.  ᦣhad remained self-sufficient in milk, an additional 699 dairy cows
would amount to an increase of less than 5 percent; with the contemplated herd size
   ʹǡͲͲͲ  ǡ       ͳ͵   ȋ ǡ  
Volume 5, Appendix A-A).

  Hawaiᦣi

ᦣ    to establishing a sustainable, pastoral rotationalgrazing dairy farm to increase current local milk production, bolster Hawai‘i’s
declining dairy industry, and reduce reliance on imported milk from the mainland
United States.         de protection and enhancement of
the area’s natural, cultural, social and economic environment through sound
agricultural planning, reservation of open space and protection of sensitive
resources, and development of economic benefit (EIS Section 2.3.3 Project
Objectives.).

Revitalize dairy in ᦣ utilizing a sustainable system

I. Executive Summary

Group 70 International, Inc. (Group 70) is responsible for the preparation and
processing of the Hawaiᦣ   ȋ ȌǤ
EIS was prepared in accordance with the requirements of Chapter 343 Hawai‘i
Revised Statutes and the “Environmental Impact Statement Rules” (Chapter 200 of
Title 11, Hawai‘i Administrative Rules).

Thank you for your comment letter with eight appendices and additional enclosures
dated July 25, 2016 regarding the ᦣ   ȋ  Ȍ 
Impact Statement. The following responses are offered to your comments.

 Ms. Ǥ:

Subject:

Goodsill Anderson Quinn & Stifel
First Hawaiian Center, Suite 1600
999 Bishop Street
Honolulu, Hawai‘i 96801
info@goodsill.com

January 11, 2017

¢¢ᦣó
of the watershed, known in Hawaiᦣi as an ahupuaᦣa. These land divisions were identified as areas

Use of ¢¢ᦣóValley

The rotational-grazing method utilizes manure as a resource and utilizes 100 percent of manure as
ǤƤ ǡ
not limited to, improved soil health, and increased animal health and productivity.

The potential maximum herd size has consistently been represented as the number of cows that
reflects the carrying capacity of the land as guided by results of regular, ongoing nutrient balance
analyse ȋ    ʹǤ͵ Proposed Action; EIS Section 1.2 Proposed Project). The distinction
between the herd sizes and different permit requirements is explained in the EIS Section 2.4
Planned Dairy Development on ¢¢சó .

 ǡ  

In fact, results of the EIS analyses show no impacts reach beyond surrounding agricultural lands to
affect resort, residential or recreation areas. The prognosis of “ecological disaster” in your letter is
unsubstantiated and based on incorrect assumptions and, in some cases, incorrect data. The
economic benefits include perpetuation of the agricultural heritage with which Ûloa region is
associated. The dairy will grow 70 percent or more of its feedstock – pasture grass – on site where
cows have access to natural light and fresh air for 22 hours of each day. The herd will be managed
in social groups mimicking the natural social order of bovines.

   s at the earliest practicable time and worked with its technical service
provider, knowledgeable in       () practices and other
consultants, to advance design in order to address relevant issues and questions for analyses in the
EIS.   conscientiously designed the dairy to minimize impacts to soil and water resources
using best management practices.

A              do not
require environmental disclosure.  o prepare an EIS to evaluate and disclose potential
effects in response to public interest. The EIS was prepared per the requirements of Hawai‘i
Administrative Rules Title 11 Chapter 200 (HAR §11-200), implementing Hawai‘i Revised Statutes
Chapter 343 (HRS 343). HRS 343 and HAR §11-200 specify that environmental statements are
prepared at the earliest practicable time in the planning and decision-making process. Therefore,
EISs are often conducted prior to the full design phase.

 ǯ ͳͻͺͶʹͲͳͷǡ
of milk to Hawai‘i rose  Ͳ  ͻͲ   ȋ    ʹǤ͵Ǥʹ   ȌǤ   
announcement by ᦣ Governor Ige at the 2016 World Conservation Congress in Honolulu,
   ǲ     ǳǡ   ǯ      
agricultural self-sufficiency of HawaiᦣǤ           
  :    ͳͲ            is
estimated to generate a Hawai‘i economy-wide impact of $188 million in indirect sales, $47 million
ǡ̈́ǡʹǡ͵ͲͲȋ  ʹǤ͵ǤʹȌǤ

  

ᦣcurrently has a large number of beef cows: according to ᦣi Farm Facts, milk and beef
cows totaled approximately 80,000 head as of 2012. Thus,       
contemplated herd of 2,000 dairy cows, the increase would represent a 2.5 percent increase of the
cattle inventory in the State ȋ ǡ 5, Appendix A-A).
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The range a fly can travel is also not the range a fly will travel. More realistic than any theoretical
   Ǥanch has been upwind of
              Û  
  ǡ   
solid evidence that cattle flies overwhelmingly remain close to livestock habitats.

Results of the revised odor report show that any odor, which may be detectable by 50 percent of
    ͶͶ              ǡ
       d does not extend to resort, commercial, residential or
recreational areas.

The odor report prepared by Exponent and attached to your letter assumed both irrigation and
slurry would be applied simultaneously, which is incorrect. In addition, the threshold of odor
detection used by Exponent was inappropriate.       
  Ǥǯǡ  ǯ
consultant, Arcadis, refined the odor model to depict different irrigation dilutions depending on
field conditions, and adapted manure odor data used by ExponentǤ      
contained in Volume 2, Appendix I of the EIS. The Arcadis response to the Exponent odor report is
Appendix B-B of Volume 5.

Impacts  ǡCommercial, Residential or Recreational Areas

                      Ǥ   
to support farming and local food production, and to aid in the resurrection of Hawai‘i’s dairy
Ǥ       ǡ
laws and plans of the State of Hawai‘i, and the plans and ordinancǮǤ
ͷ         ǯ     Ǯ  ǡ Ǯ
  ǡ Ǯ ʹͲͷͲ  ǡ   Ǯ   ǡ Ǯ 
 ǡ Ǯ Ǥ  
Ǯ    ǡ      ǡ  Ǯ  ǡ 
Comprehensive Zoning Ordinance (EIS Chapter 5    Plans and Policies).

The proposed  ¢¢Ǯó Ǥ ¢¢Ǯó
      Ǯ  Ǥ        
¢¢Ǯóǡ  Ǥ 
demise of sugarcane in the 1990s, most former agricultural fields have been under-utilized or
vacant.

Use of the site for dairy operations does not preclude future conservation use of the wider region,
 ǤǤ ȋǡʹͲͲͺȌ  ȋ  
4.26.4 Irreversible and Irretrievable Commitments of Resources). The purpose of the reconnaissance
                Ǥ 
reconnaissance study’s recommendation for authorization of a Special Resource Study included “so
long as it focuses on non-traditional management alternatives that a) involve local partners and b)
include options for continued farm and ranch operations on private agricultural lands” (emphasis
added).

    

that contained all the resources needed by a human community, from the ocean to the mountains.
¢¢ᦣóᦣa as documented in the State of Hawaiᦣi geographic
information system is 2,724 acres. Hawaiᦣ     ʹͲ     ǣ ͷͷ
acres on the valley floor.

Technical Comments

 ‘i economy in the EIS focuses on the island and the regional setting near
  on than a single resort. Ǯóis identified in the EIS as 
and luxury home destinations on the island, with the largest inventory of hotel rooms, transient
vacation rentals, and luxury vacation homes on the island (Section 4.15.1   –
      ). O           ǲ  
farming employment and build the agricultural economy” (EIS Section 2.3 Purpose and Need), which
supports a diversified economy that serves to benefit the community, while advancing food selfsufficiency for both the residents and visitors.

 ȋ Ȍdid not “largely ignore the potential economic impacts of the proposed dairy
‘   ‘i specifically”. The impacts
were not omitted, discounted, or assumed away. The finding was no significant adverse economic
impacts, a finding based on environmental studies that indicate no significant nuisance impacts
affecting resort, commercial, residential or recreational areas.

A. Economic Impact (Appendix A)

Overall,            EIS, which uses reasonable
and diligent processes to disclose all probable impacts and demonstrates the dairy will not create
nuisance impacts down-gradient or beyond surrounding agricultural lands.

For the most part, the reports attached to your letter contradict    ǯ ᦣi-based
expert consultants by using assumptions based on poorly-managed conventional feedlot dairy
operations on the mainland and, in several cases, incorrect data. Two reports, related to odor and
marine biota, were conside           
conducted. Responses to your comments are summarized in the following section and the complete
responses are attached.

II.

Comments on the technical reports provided with your letter are summarized in the following
section, with the full responses attached to this letter as well as included as appendices A-A through
H-H to the Final EIS.

The EIS was prepared in accordance with HRS 343 and HAR §11-200 as described above. Technical
   public were conducted for the
 Ǥmpacts of both the committed herd size of up to 699 mature dairy cows, and
the contemplated herd size of up to 2,000 mature dairy cows, are presented in the EIS.

The EIS is Adequate

      ǯ ᦣ-based consultant has concluded there will be no
             Ǥ     ts
include increased milk self-sufficiency, well-  ǡ       
well-maintained green, open space. Additionally, the        
cattle operations in the region reveals newer homes with large square footage in a luxury
residential community with 2016 assessed values of $1,297,150 for a lot, to $2,893,100 for a lot
with home. The conclusion is that clearly, beef cattle operations are compatible with nearby homes,
commercial areas, resorts and recreational areas. The ranching and rural ambience adds to the
value.
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Exponent concurred with the emission methods and results presented by Arcadis that quantify
odor from the effluent ponds and the dairy facility buildings. The air emission findings in the
Arcadis May, 2016 report were not commented on by Exponent.

1. Exponent used different assumptions on the timing of effluent irrigation and slurry
application, as well as different sources for odor emission rates. Exponent assumed both
irrigation and slurry would be applied simultaneously, which is incorrect.
2. Odor results were compared against a lower threshold than that used by Arcadis. Exponent
argued the threshold “was not considered appropriate for a sensitive population such as
hotel guests at a resort area.”

    
  ǣ  Air         (Arcadis, May 2016). Exponent
prepared an odor emission report based on two alternate methods:

B. Odor Impacts

     has extensive consulting experience in Hawaiᦣi, having started his
 ͳͻǤǤ  ǯǤǤ
University in Engineering-Economic Systems, which gave him a strong background in economics,
finance, and quantitative analysis. Additionally, he earned a B.S. degree in engineering from the
  ǡ  Ǥ Ǥ  ǯ    ǡ  
county agencies, as well as Hawaiᦣi’s largest landowners, have covered the topics of economic
development (including agriculture and tourism), land and resource economics, market
assessments, feasibility studies, valuations, infrastructure financing, public policy analysis, and
assessing economic benefits and impacts. Ǥ  eviewed the comments provided by BRG,
Appendix A of your letter, and prepared a response, which is included as Appendix A-A in Volume 5
of the EIS.

Pest Flies. The range a fly can travel is not the range a fly will travel. More realistic than any
     Ǥ 
             Û 
  ǡ  
Ranch is solid evidence that cattle flies overwhelmingly remain close to livestock habitats.

      ǡ Ǥ  Ǥ ǡ  Ͷͺ      
ᦣi environments from mountaintops to lava tubes. He has conducted numerous biological surveys
  Ǥ Ǥ     ͵ͲΪ       Ǯǯ   
 ǡǡǤ       hop Museum,
Un ᦣi, and repositories with applicable collections, and conducted fieldwork on site and in
  ʹͲͳ ʹ Ǥ
 ǡ   ȋendix C to your letter) was based on general research without
       Ǥ               
ǤǢ ͷ-C to the EIS.

C. Manure-Related Insects (Appendix C)

The complete Arcadis response to Exponent’s comments and the revised odor report are contained
in the EIS Volume 5, Appendix B-B.

For the reasons above, Arcadis prepared a revised odor report that modeled irrigation effluent at
two dilutions in for all wind conditions throughout the year, and slurry effluent with wind speeds
between 9 and 20 mph, and again used the threshold of the 6.5 OU/m3 annual extent odor level.
Modeling was done for both the herd size of 699 mature dairy cows and for the contemplated herd
size of up to 2,000 dairy cows. The full results are shown in the Final EIS Sections 4.19.2 and 4.25.2.

On the second point, Arcadis notes that the odor threshold of 6.5 OU/m3 averaged over one hour
and 99.5th percentile was selected based on the specificity of dairy farms. In comparison of odor
regulations and g       ǡ Ȁ3 limits show off-site
standard or guidelines in the U.S. to be between 2 and 50 OU/m3     
between 5 and 7 OU/m3ǤȀ3 values are often difficult to observe. For instance, California’s
          ͷ Ȁ ȋȀ3) people become
  ͷͳͲȀ
evoke registered complaints. While odors may be perceived over time periods less than one hour,
the selected threshold was designed for a one-hour average. If a shorter time period were desired, a
higher OU/m3 value (perhaps closer to 10 OU/m3) would have been more appropriate.

    ǡ ǡǯ 
report. To consider the two alternate methods used by Exponent, Arcadis verified operational
   ǣͳȌ    ǡʹȌ
will not be applied during days with average wind speeds less than approximately 9 miles per hour
(mph) (4 meters per second - m/s) or ʹͲȋͺǤͻȀȌǤǡ  
confirmed that the dilution of irrigation water with effluent will change based on field conditions.
For these reasons, Arcadis recommended refining the odor model to depict both the “typical”
irrigation effluent odor and the “wet condition” irrigation effluent odor. Additionally, Arcadis
ȋ  ǤǡʹͲͲͳȌ ȋ
et al. 1988) to account for differences in diet that the cows a      compared to a
traditional diet. ata for the manure was adapted to account for   
   , as opposed to a conventional compacted dirt feedlot that was assumed by
Exponent. The findings of the revised odor technical report are summarized below.

The           சi Dairy Farms Facility by BRG (July
2016) is based on research conducted on impacts from poorly managed mainland conventional
feedlot dairy operations. Conventional dairies concentrate their milking cows in feed lots where the
cows are fed grains, hay and/or silage. Correspondingly, a large volume of manure is generated in a
small area, leading to waste management challenges. These types of operations can generate
significant odors and other nuisances, which can extend beyond the property boundaries and affect
nearby properties. The sustainable, pastoral rotational-       
ͳͲͲ ǯ -site pasture grass.            ǡ ǡ ǡ ǡ
runoff or other nuisance impacts will extend to resort, commercial, residential or recreational
areas.

The EIS notes that despite the changing character of the Ǯó area towards a resort town,
¢¢Ǯó has a long history of agricultural use, as one of the first places in the island chain where
sugarcane was commercially grown. ʹͲͳͳǡ Ǯ
1,533 acres of land ȋ  ͷͷ       Ǯ     Ȍ as
ǲ  ǳder HRS Chapter 205 – ǮǯǤ 
205, both State and County governments are responsible for promoting the long-term viability of
  Ȁ   Ǥ
to increase the viability of agriculture through the expansion of the agriculture industry, increase
ǡ   Ǥ
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 is it stated    predators to control
 Ǥ          Ǥ     ͶǤͳͳǤʹ ǣ
  ǯ  
to translocate dung beetle species already      ¢¢Ǯó    
manure-    Ǥ            
translocation and introduction of pest control species. All work would be done through and with
Ǥǲ       

Several papers are cited throughout EIS Appendix B, relating to dung beetles: Griffith 1997, Markin
and Yoshioka 1998, Thomas 2001. The specific research stating that dung beetles, in high
populations will bury dung pats four to six inches in one to three days, is included in the
   (Volume 5, Appendix C-C).

Ǥ The statement that dung beetles are unlikely to succeed in hastening breakdown of
manure and minimizing fly populations is based on incorrect conclusions by the commenter about
soil moisture. The citation of several reports attached to your letter use incorrect rainfall data
(Exponent 2016; CH2M Hill 2016). Exponent prepared a Stormwater Management Model (SWMM)
using rainfall data from a   Ähue rather than the long-    
¢¢Ǯó(referred to as ¢¢Ǯó941.1), resulting in assumptions of rainfall levels 20 inches
above average annual rainfall at the site. Further, the SWMM assumes  ͺ
inches of irrigation per year,   Ǥ  
monitor field conditions and irrigated as appropriate to the need of the crop; the SWMM asserts
    (G70, EIS Volume 5, Appendix G-G). Further, Appendix C to your letter asserting
“excessive moisture, clay soils, and trampling by cows” ignores the EIS analysis of rainfall and soils
(EIS Sections 4.1 Climate and 4.3 Soils).

  troughs will contain water for the period of 12 to 24 hours when cows occupy the
paddocksǤ  herd enters the paddock(s) for the grazing
period; troughs will be emptied after the cows are moved to another paddock. Thus troughs will be
managed to prevent mosquito breeding (EIS Section 3.3.2.2).

Mosquitoes. Mosquitoes have been in the news since publication of th 
mosquito-borne illnesses in semi-tropical climates such as HawaiᦣǤ      
generate large populations of these pests in standing water, ponds, ditches and pasture divots fails
to recognize that such conditions are detrimental to dairies and to cows, and also fails to recognize
operational controls that would prevent such conditions. The effluent ponds are aerated and mixed,
with effluent diluted with wash-water and stormwater runoff moved through the ponds on a
regular cycle (EIS Section 3.3.2.4   ȌǤ     covered (EIS
Section 3.3.2.2  ). Stormwater runoff from the site overall will be
   be cultivated in the pastures, as well as increased
surface infiltration of rainfall and irrigation due to improved soils from the addition of organic
matter in the form of manure (EIS Section 3.3.2.3  ).

the sections near areas where the ¢¢Ǯó Cattle Co. herd was recently grazing, the predators
              tle.” This
would be a natural process, no releases or transplanting or translocation.

The stable fly was identified as a manure-related insect that currently exists on manure in the
       Ǥ            also
     Ǥ      birds and dung beetles reduces habitat for
breeding flies. The stable fly and other dung-Ûloa
 ᦣipó in association with cattle grazing that has been ongoing for generations in the region;
          ͳǡͲͲͲ    ͷ Ǥ   
ᦣó  ǡ 
already occurred.

  ǡ
movement of ground water from below the pastures toward the habitats of listed arthropods will
not reach into the referenced habitats. Recognizing that the food supply of the wholly saprophagic
amphipod is organic matter derived from roots and other decaying plant debris, and since
nitrogenous and phosphoric nutrients will promote plant growth, their effects, if anything at all, can
be expected to expand the food supply in this oligotrophic subterranean ecosystem.

Estimated peak flow of stormwater runoff will be reduced with the improved conditions proposed
for the site: 80 acres of maintained drainageways, vegetated setback, and permeable path and
roadways.   ǡ¢¢ᦣuó 
  .   ʹͷ
cubic feet per second (cfs) for the 10-year storm event; for the 25-year storm event, reduced by 283
cfs; and for the 50-year storm event, reduced by nearly 300 cfs (Section 3.3.2.3 
Improvements).

otential impact to the arthropod population within the cave down gradient will be minimized by
the multiple best management practices to be employed in the dairy’s design and operations (EIS
Section 3.5.1  ǡ   ȌǤ Two types of setbacks will be established to protect
water quality of surface water and downstream areas. A physical setback to keep cows and manure
from ditches and drainageways will be created with paddock fencing set 35 feet back from the top
of bank of drainage ways on site. Vegetation within the setbacks will act as filter strips on both sides
of the drainageways to capture and retain nutrients for forage growth on the site. Additional
setbacks restrict liquid effluent application within 50 feet of waterways, and other setbacks from
  ͵ǤͷǤͶǤʹ Ǥ

 . Review of the area’s geology shows the contrast of the karst topography
predominant in the Û-‘ipu area, and the alluvial-filled basin of ¢¢Ǯó Valley (EIS Figure
4.16-1 ¢¢Ǯóand Vicinity). The alluvium within the valley generally extends about
60 feet under the surface and is underlain by highly weathered lava at a shallow depth by
     Û .         
invertebrate survey revealed any evidence of lava tubes or caves on the property, and no such
  ǤThe nearest critical
habitat that contains the  ᦣi cave wolf spider and
ᦣi cave amphipod, consisting of mesocaverns or caves and passages and roots from living
plants such as, but not limited to, ‘oha‘i ( ), mai‘apilo (Capparis
 ), and a‘ali‘i (Dodonea viscosa) is 0.75 miles away. Appendix C-C in Volume 5 to the EIS
discusses the importance of understanding invertebrate habitats when conducting surveys.

   .         
complementary parts. It is not rational to pull out individual components, suggest failure of one at a
time, and then conclude that     Ǥ       
reduces a part of the problem. They work together, with one unit working to pick up when or where
another is not present. Chemical controls affect both beneficial and non-beneficial insects and will
 Ǥ     ǡ
requirements will be followed. Management to minimize mosquito breeding habitats is explained in
the previous section.
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So it is clear that the report is not based on any first-hand knowledge of field conditions, but rather
is based on site characterizations from another report by Exponent, which incorrectly utilizes
rainfall data:      ǡ     ǡ ǡ ”
(Exponent, 2016). A summary of the inaccuracies of that report is included in section G of this
response, following. The full response   ǯ ᦣ-based technical experts accompanies this
letter as Appendix G-G.

“                  
from publicly available information. We have generally not verified these data
independently and, unless otherwise stated, assume that they are accurate. In addition,
some of the data and    ǡ
interpreted that information to the best of our ability.”

T Ǥȋ ǡʹͲͳȌ ǲǳǡ
which states:

D. Pathogen Impacts (Appendix D)

Most of the lowland endemic insects have been exterminated by the alien big-headed ant, .
[Zimmerman, E. C. (1948). Introduction.    V.1, p. 65 of 206 pp.] Three insect surveys
 Ǥ ǯó  ͳͻͷ
only a very few native arthropods. Those found were usually on native flora, and most were
     ǡ       ǡ    kimmer
dragonfly, Pantala flavescens and intertidal rock crickets. Though alert for native insects at all times,
only a few of the native pantropical dragonfly were seen. Host plants for the Sphinx moth were
specifically searched for ǡ were evidences of other native rare species [see EIS
Appendix B, Invertebrates not present]. Based on Asquith and Messing, it is predicted fungus gnats,
stream midges, crane flies, seed bugs and ground earwigs of Anisolabis   ǡ
but they are extremely widespread throughout the main Hawaiian islands and are not rare. 
refer to page 20 of the manure-related insect report listed in EIS Volume 2 (Technical Appendices)
Appendix B.

Taro Farm Setbacks:           Ǥ  
previously, the size of irrigation droplets is large enough to ensure water gets to the ground
without evaporating or being carried off, minimizing the risk of overspray. In addition to irrigation
technology, 20 foot setbacks on all sides of Hariguchi site are incorporated in  Ǥ 
terms of distance, the current lo‘i are an additional 500-feet from the northern site boundary,
minimizing risk for the taro farm.

With the addition of irrigation water and liquid effluent, the surface soil will be energized
microbiologically (EIS, Section 4.11). Stimulated populations of microorganisms are very effective
in inactivating pharmaceuticals and additives due to the reduced half-time resulting from enhanced
immobilization and degradation by the superactive microbiological community.

Within the ponds, some anaerobic digestion will occur to break down organic component of the
manure into soluble forms, typically ammonium, potassium, phosphorus and other soluble
nutrients from both feces and urine. The effluent manure is then applied to the pasture and thus is
in solution and readily available for absorption by the pasture grass.

Attenuation: As stated in Section 3.5.3, as the cattle e      ǡ  
incorporated into soils through primary decomposers such as earthworms and dung beetles that
aerate the soil to make organic materials accessible to secondary microorganism decomposers. The
decomposition process breaks down manure into nutrient components that are readily available
for uptake by the grass crop. In a healthy system, manure can be cycled through the soil surface in
24 to 36 hours.

While dairy cows can be a source of fecal pathogens, best management practices described
                
extension services such as Cornell University, University of Minnesota, University of Michigan, and
 ǡ    Ǥ         Ǥ
Good animal husbandry practices reduce pathogens in manure as healthy, comfortable animals
have and shed fewer pathogens that sick, stressed animals. Regular vaccinations, adequate space
allowance, and access to feed and water are among the recommendations that are met or exceeded
in a pasture-based dairy system. EIS Section 3.4, Herd Management, provides an overview.

Pathogens from Agriculture: The statements made in the pathogen report regarding impacts to
human and ecological health from pathogens and fecal indicator bacteria (FIB) from cow manure
are both over-simplified and misleading. References throughout the pathogen report by Murray
include research on swine operations and conventional cattle feedlot operations, which do not
  Ǥ    
 ǡ   Ǥ

Soil Conditions: Murray’s assertion of “nearly saturated” soil conditions is incorrect, and is based
on results of the 2016 Exponent SWMM model. The SWMM model assumes the fields are constantly
rained upon and utilized worst-case weather data from a station in Ähue that do not apply to
¢¢ᦣó. The rainfall data equivalent used in the SWMM model is equivalent to 72.86 inches per
year at the  Ǥ ǡain gauge “¢¢ᦣó 941.1”, located at the makai end of
  , shows that annual rainfall ͷͲ ǡ
that reached that extremely high rainfall: 1957, some 59 years ago. The SWMM model assumes not
only an unrealistically high rainfall, but also that the fields will be over-irrigated with constant
irrigation using irrigation values specifically for dry weather conditions, and concludes that the
fields will always be Ǥ  Ǥ

Native Insects.         -related invertebrate assessment
with the referenced 1990s study “less than 15 miles away" must, to be appropriate, cite the
 ǣ  covered an area including beach and two
natural stream courses, up to 150 m. elevation. Also, study lights drew volant insects from nearby
‘Ûhi‘a [Metrosideros] and a Forest Reserve in Anahola Mountains. The authors note native Hawk
moth [sphinx moth] “specimens were collected from light traps set in stream gulches, but it is
doubtful that this species breeds in Moloa‘a”, or any other pastures.

A full inventory is not typically done when assessing potential impacts of an agricultural use on
 ǤǤ   
 cted conditions. Important agricultural lands
ȋ Ȍ      -term food production have a special status supportive of
agriculture operations. Having been plowed for sugar cane or heavily grazed by livestock since the
1840s, these lowlands, lacking in even a remnant of the native flora, do not support native
invertebrates. Conducting an additional survey using light traps and baits on the pasture would
    ǡ     Ǥ ¢‘upu foothills, thus would have
been inappropriate methodology.

Goodsill Anderson Quinn & Stifel
January 11, 2017
10 of 27

Goodsill Anderson Quinn & Stifel
January 11, 2017
9 of 27

                  
     Ǥ            
previously expressed by the U.S. Fish and Wildlife Service (USFWS) shows a lack of familiarity with
the standard response letter provided by the agency to identify many areas of potential concern to
   Ǥ   ǡ
   found in Volume 3, Section A. Complete responses to the Exponent
July 2016 report on which your comments for this section are based are in Appendix E-E.

E. Ecological Impacts (Appendix E)

Minimization of Risk:    ͳͲͲ 
the beneficial nutrients and organic matter that improves soils, including better infiltration and
retention of stormwater runoff. The EIS identifies multiple minimization methods that will retain
manure and any associated pathogens on-site. The EIS explains the soil cycle as enhanced by
manure’s organic matter, which increases carbon and the super-energized microbiological
community that will utilize all elements within manure and thus minimize pathogens. The EIS
explains that the ¢¢Ǯóhas a hydraulic conductivity on the order of 10.5 to
50 feet per day, in comparison to the 201 to 500 feet per day conductivity in the  ÛǮówith its thousands of on-site sewage disposal systems. The water movement through
soils under the proposed dairy site is 10 times slower than the neighboring area, allowing greater
time for the remedial properties of soil and associated bacteria to denitrify nitrates and render
potential contaminants inert, making this specific site ideal for a pasture-based dairy.

It is critical to understand that soil conditions in Hawaiᦣ Ǥ 
Hawaiᦣi spanning three decades shows that indicator bacteria are widely distributed in a variety of
environmental habitats, even when there is little or no input from human and/or animal fecal sources
These enteric habitats include soil and sediments, beach sand, aquatic and terrestrial. Some studies have
shown the existence of populations of endogenous enterococci in soil, sediment and aquatic vegetation
that are not of fecal origin. Over three decades of research investigations and studies regarding soil
organisms in Hawaiᦣi have been published by the Water Resources Research Center (WRRC) of the
 Ǯ¢ǡ Ǥ Ǥ

 has and will continue to coordinate with the U.S. Fish and Wildlife Service (USFWS) and the State
     ȋ Ȍ        to
ensure dairy operations will not result in deleterious impacts to protected wildlife. A draft Endangered
       ȋȌ  d to the Final EIS, and will be completed
through further discussion with the agencies. Fencing, predator control, monitoring for potential
outbreaks of avian botulism within the pond areas, and protocols for response to the presence of µµ
or other prote  Ǥ

The insinuation that cattle usage of the site will likely reduce nesting of protected waterbirds or
otherwise harm birds by “breach” of fencing, is misleading. Currently there is very little suitable
nesting habitat for stilts, coots or gallinules on the  Ǥ      
present on the island, with the possible exception of Hawaiian Stilt, are habitat limited. The site has
been altered repeatedly as different crops, cattle ranching and farming activity has been conducted
     Ǥ      Ǯi     
activity; coots and gallinules forage in the large number of storm water ditches present along many
roads on the island. Any suitable habitat µµÛloa area changes with
  ǤµµǡǮǡ Ǥ

Avian Survey: In the Rana Biological technical report appended to the EIS, it is clearly stated that
   Ǥ  
avian surveys; they are used to characterize the relative abundance of species present on the
property, not to find rare species. The property was searched for habitats and species not detected
during the point counts, which is the standard protocol for finding rare avian species in the   Ǥ
Unlike continental areas, there is not a significant change in the avian makeup of inland areas
during migration season, nor are there significant differences in avian species makeup on any given
site during a specific fairly narrow breeding window as occurs in the continental United States. The
time selected for the avian surveys, late August is a time of the year when migratory shorebirds are
present in the Hawaiian Islands thus the surveys were conducted when the greatest diversity of
avian species was expected to be present.

Concern for the absence of threatened or endangered native Hawaiian plants, very few of which are
annuals, in the dry season might be a consideration only in areas with minimal annual rainfall (less
than 20 inches annually). Thus, most introduced (exotic) annuals tend to be biennials in our
subtropical climate. As a strategy, annuals are typically avoiding winter freezing, a situation not
  Ǯ Ǥ  
and supportive of only a very limited suite of native plants. It could be argued that discovery of
native plants is far more likely during the dry season when the growth of dominating weeds
(exotics) is more subdued.            
conducting an additional survey in the “wet” season would not alter the findings.

Botanical Survey:   
botanical consultant, who has 49 years of experience as an ecologist in Hawai‘i with the last 20 or
so working as a field botanist. Each survey is designed appropriate to the resources to be surveyed
         Ǥ   surveys conducted for purposes of
                     
and native ecosystems. The nature of the site and its present and historical uses for intensive
agriculture were anticipated to have limited the natural botanical resources anticipated to occur.
The results of the survey substantiate this prediction: only four percent of all plants recorded
during the survey were native, indicating that only species adapted to constant disturbances can
survive.    ǡ 
  ȋ ȌǤ

Animal Mortality:             best
management pra             Ǥ    
specifically located on the north side of the farm, in an area of relatively flat pasture. Site selection
criteria for the cemetery paddock included protection from prevailing winds, and distance more than
100 feet away from any drainageway, 200 feet from any natural watercourse, 300 feet from any well,
and more than 20 feet from any buildings. Within the cemetery paddock, pits will be sited based on soil
suitability and slope. A containment berm will be created around the pit area to prevent both run-off on
to, and from, the cemetery site. An area of approximately 5,000 square feet is needed for the animal
cemetery at the contemplated herd size of up to 2,000 mature dairy cows, which is a fraction of a 3- to 5  Ǥǡ    
   Ǥ               ǡ
Animal Mortality Facility Code 316, to protect groundwater quality.

FIB in the Environment: The baseline conditions found in the agricultural ditch waters from
¢¢Ǯó   ǡǡ ǡǡ
animals. Each of these animals represents a potential source of pathogens and FIB in the existing
baseline condition of ditch waters. The Murray report lists pathogens associated with cattle
manure, which are also associated with feral and domesticated animals, decaying organic matter,
avian wildlife, vegetation, soils, and even insects.
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Coral community structure throughout the nearshore zone that has a hard bottom is generally
restricted to the hardy pioneering  Ǥ
from wave effects or has more complexity in the form of undercuts, ridges and knolls, additional
 ǣǤ ǡǤ Ǥ Coral
cover in such areas was 10 to 20 percent of bottom cover. The exception was a small area
approximately 0.3 miles south of the ditch point of discharge, where a well-established coral community
was identified. This community likely exists due to a protective lava extrusion that shelters the area
from destructive waves. The corals within this area, while not common for the high-energy marine
ǡ           Ǥ   
distance from the discharge point (approximately 2,000 feet, or 0.3 mile), nutrient or biological inputs
from the ditch would be diluted to background marine levels and have no impact.

  ǡ     
structure and provide baseline documentation of existing conditions. Biotopes – areas of uniform
environmental conditions that provide a living place for a specific assemblage of plants and animals
- were documented and described for the ¢¢Ǯó area. The open coastal exposure to longperiod south swells and tradewind-generated seas are reflected in the survey findings. There is
essentially no biotic community structure in the areas where the ditch water flow meets the ocean.

Aquatic Resources Survey: Survey of channelized streams and agricultural ditches on site and down
gradient are not needed, as these waterways are intermittent. As stated in the EIS, the stream is clearly
          Ǥ  streams in Hawaiᦣi flow when
     ȋǤǤ   ȌǤ        
spend their early larval stage in the ocean and migrate into perennial streams. Migrating into
intermittent streams is a death sentence, as such streams do not provide sufficient habitat.

For Exponent to suggest that Hawaiian hoary bats may be put at risk by lighting fails to consider
that the bats are sighted animals. As such, they are unlikely to collide with a building at any level of
illumination. As stated previously, no barbed wire will be used per coordination and agreement
  Ǥ

Mammalian Survey: The comment that the survey for mammalian species was insufficient to
predict potential impacts to the endangered Hoary bat and to predict effects of increased pest
mammal species in misleading. In the Hawaiian Islands there are no extant native terrestrial
mammalian species with the lone exception of the Hawaiian hoary bat. All of the non-native
introduced mammalian species present on the island are ubiquitous and widespread particularly in
the lowlands. It is not standard practice for this type of a survey to conduct in-depth mammalian
ǡ  Ǥ  
to quantify the potential increase in pest mammal species.

       ͷͻͲ –       
realistic nutrient inputs when planning for nutrient outputs. The manure production and nutrient
excretion estimates from t   
ǡ  ǡ  
management, genetics, and nutritional advances. T urate than
if manure excretion and nutrient output was based upon “book values”.

ASABE is a simplified and general standard last updated in 2005. The ASABE calculations were
reasonably correct in year 2000 but have not accounted for changes in genetics, management
ǡ ͳǤǡ
system, does not use farm specific animal, environmental, and dietary inputs to determine its
manure production and nutrient excretion estimates, and instead uses “book values”.

  Ǥǯ predicated on the estimates of manure
         ͵ͺͶǤʹ    
Characteristics (ASABE, 2005),       Ǥ       
  ȋȌ
model, rendering the comments invalid.

F. Impacts from Animals and Manure (Appendix F)

The EIS does not discuss impacts to marine mammals due to its findings of no impact to
     Ǥ         
invertebrates such as dung beetles from the Island of HawaiᦣǤ  
equipment is needed from other islands including the Island of Hawaiᦣi, all appropriate and relevant
biosecurity control measures used within the agricultural industry will be followed. The unrealistic
     warrant
assessment in the EIS. The EIS sufficiently assesses the proposed action as explained in Chapter 3
through its evaluation in Chapters 4, 5 and 6.

           Ǥ   
   Ǥ
Benthic algal blooms on Maui that occurred during the 1990’s have not returned for the last decade,
indicating that nutrient input is not the sole causal factor. See full report and further detail on
nutrient impacts to coral reefs in EIS Volume 2, Appendix F addendum.

So the only benthic communities that could be potentially affected by ditch flow are not in the direct
discharge path, but rather in areas where exposure would be only to ditch water that is greatly
diluted with ocean water. T             
concern regarding the impact of land-based discharge on reef community structure. However, the
observations of MRCI’s marine biologist do not support this; the following comes from a review of
published scientific research related to potential effect from nutrient subsidies on reef corals. MRCI
 ȋͳͻͻͳȌ   
well under low nutrient conditions to the conclusion that coral reefs require low nutrient
environments. Atkinson and Falter (2003) state: “It is widely believed that any nutrient input to
Ǥ  ǤǤǤ  ǤǳÄÄ
and at the Great Barrier Reef in Australia show corals flourish in high nutrient environments. An
empirical example demonstrating the inaccuracy of the assumption that elevated nutrients always
result in negative effects to corals is the coral colonization on the sewage discharge diffusers at
outfalls on Oᦣahu. The outfalls are located in a mixed marine environment similar to that off
¢¢ᦣó.

   ǡ dependent on the resource to
be protected. A perimeter fence around the entire site, as well as surrounding the effluent ponds
will be constructed of woven wire fence with approximately five-inch rectangular spacing at the top
that diminishes in size towards the ground. This will prevent waterbirds from wandering into the
effluent pond area. Barbed wire will not be used in any fencing on site. Electric fence wire will be
used within the site to maintain the 35-foot setback from water features and to manage cattle
within paddocks and along walkways.

Invasive Avian Species: Alien avian species dominate all lowland areas in the State, and Ǯ
exception. These species are not habitat limited. The three species mentioned in particular (Cattle
ǡ  ǡ   Ȍ       Ûloa area in large
numbers.
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A complete discussion of the multiple incorrect assumptions and assertions in the referenced
Exponent July 2016 report is provided in Appendix G-G (EIS Volume 5).

G. Hydrology and Water Quality (Appendix G)

 ǯ     ǡ      or agricultural operation
ǡ           ᦣ sh and solid waste
facilities. However, the generated waste will not negatively impact the municipal refuse operations
ᦣǤ

 ͻͻ ǡͳʹ   
over the long-term. F   ʹǡͲͲͲ
cows, t l 23 vehicles per day.      
  ʹͲ͵ͷ ǡ-half of one percent for both
herd sizes.

The EIS sections labeled “Roadways and Traffic” (Sections 4.18.2, and 4.24.2) identifies the types
    
committed herd size of 699 mature dairy cows, and the contemplated herd size of up to 2,000
mature dairy cows. Vehicles include milk trucks, initially one truck every two days at the committed
herd size and increasing to two per day at the contemplated herd size; delivery trucks for sand and
feed initially three truck loads per week, increasing to four to five per week at the larger
contemplated herd size. A farm truck with stock trailer to move animals to and from off-site
ranches is initially anticipated at less than one per day, increasing to two daily trips with the
contemplated herd size. Employees, veterinarians, inspectors, and vendors are also included in the
daily trip counts.

Replacement animals will be moved off-site and will be replaced at roughly one replacement animal
   Ǥ -site ranches and
    Ǥ
allowed on properly zoned a            ᦣ
   ᦣǡ             
nutrient and crop fertilization purposes. Therefore, housing of off-site animals will comply with
applicable rules and regulations.

 ǡ    more than two        
       ¢¢ᦣó    ǯ  Ǥ While the yield
production and nutrient removal rates shown in the EIS would not be the exact nutrient uptake
numbers based upon the actual operation of the planned dairy, with the commencement of actual
animal grazing, manure production, and effluent application, the trials are representative of and
realistic for a rotational-grazing, pasture-based dairy operation. The yield production and nutrient
uptake rates are based upon appropriate site-specific inputs and certified laboratory testing for
              Ǥ   ual grass is
being grown on the farm, which is fertilized and irrigated, cut, and sampled for actual production
and nutrient content and uptake data.

H. Nutrient Mass Balance (Appendix H)

The reduction in runoff from various storm events was estimated where flows combine in
¢¢ᦣó         Ǥ   ͳͲ-year storm event, peak flow
          ʹͷ       ȋ ȌǢ   ʹͷ-year storm
event, reduced by 283 cfs; and for the 50-year storm event, reduced by nearly 300 cfs (Section
3.3.2.3). The 35-foot vegetated buffers will be established in accordance with  Conservation
     ͵ͻͲ  guidance, intended to improve water quality by slowing runoff,
filtering pollutants and pathogens (University of     ǣȀȀǤǤǤȀ Ȁ--and-air-ȀȀ--  Ȁ͗), and reduce runoff flows. On-site retention areas
       will also hold water on the farm for use by the crop. Erosion
downstream will be minimized and water quality is expected to be improved. Assertions regarding
downstream impacts via Wai    therefore not supported.

 ǡǡ  and inaccurate characterization of “nearly
saturated” soil conditions. The 2016 Exponent SWMM model assumes the fields are constantly
rained upon and utilizes worst-case weather data from a station in Ähue that do not apply to
¢¢ᦣóǤ e SWMM model assume unrealistically high rainfall, but also that the
fields will be over-irrigated with constant irrigation using irrigation values specifically for dry
weather conditions, and concludes that the fields will always be saturated. This is not supported
and does not reflect the operational detail provided by           
ȋ ʹǡȌ.

The runoff assumptions in Appendix E are based on long-term, average conditions. Application of
  ͲǤͺ  Ǥ Based on the 30year rainfall record for the area, such rainfall events are estimated to occur approximately three
percent of days, or an average of 10 days annually. Observations by the groundwater engineer on a
date in August of 2016, and those of the H    since his tenure at the farm since
2013, are in accord. The SWMM model assumes 78 percent of total precipitation on the flat areas
becomes runoff, which is absurdly unrealistic.

Estimates of runoff and groundwater recharge in the EIS Appendix E relied on prior hydrologic
budget analyses by the USGS throughout the state and on the sustainable yields adopted by the
State Commission on Water Resources Management (CWRM), which incorporate hydrologic budget
analyses. These provide reasonable approximations of    Ǥ 
is of interest to note that the Storm Water Management Model (SWMM) model prepared by
Exponent was admittedly not calibrated and had a number of other limitations (page 16 of the
Exponent report), all of which resulted in entirely unrealistic results.

The commenter’s manure production and nutrient excretion estimates table, based upon “book
ǳǡ ͳͻͺͺions and input
ȋ  that ǡǲequirements of
 ǳȌǤ The 28-    ͳͻͺͺ          
publication, last updated in 2001. Because of obsolescen   ǡ
ʹͲͳͷ    Ǥ

The estimated total number of animals of 892, presented by the commenter, is incorrect. The EIS
has included the environmental impacts of the total animal numbers on the farm, based upon the
total number of mature dairy cows on the farm, including both lactating and dry animals, and the
expected number of calves. It can be conservatively assumed that there will be approximately 85
percent milking and 15 percent dry animals on the farm at any given time. Calculations to
determine manure effluent pond capacities, and manure collection volumes per day from the
milking facility, are slightly conservative as dry cows will not enter the milking parlor as they will
not be milked. However, the total number of animals in terms of manure production and nutrient
excretions on the entire farm and pastures are estimated to include both lactating and dry animals.
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ǡance, and repairs of the irrigation system will prevent potential impacts to
water quality and prevent direct discharge into the drainage ditches. Stringent preventative
maintenance will be in place to make sure all facets of the irrigator operate to the pivot operator’s
needs. The pivot operator will be responsible to maintain and look after each pivot while in operation.
Only one pivot will operate at any given time (though the system is designed and is automated enough
such that two pivots may run at the same time), ensuring that the operator is focused and attentive to
the one operating pivot. The irrigators are programmed to turn off within 50 feet of water resources.
Best management practices for pivot maintenance are included in Appendix H-H.

Farms n’ Forages also has experience with non-irrigated pastures in Hawaiᦣi and has previously
measured approximately 30 to 40 percent greater yields in irrigated pastures than in non-irrigated
pastures. Approximately 74 percent   ǯ     ʹ percent are noniǡ                   
management planning, as noted by the CH2M Hill Ǥ        
 ecifically to account for nonirrigated fields and seasonal variability in forage production.   ǡ
as appropriate, for forage yields and nutrient content, soil nutrient content, manure nutrient
content, and water quality a         ǡ  
and ensure that nutrients in the farm’s system are balanced and kept on the farm to be efficiently
utilized by the forage crop. Testing will be done annually at a minimum, per applicable State and
Federal law.

Utilizing the last year of grass testing   (2015 to 2016), the irrigated fields showed an
ͳͻ Ǥ  -irrigated fields
by applying the reduction percentage to the total non-irrigated areas, the weighted annual average
 ͳ Ǥ  ͳǤ͵ 
a conservative estimate for planning purposes to account for the variability in farms, which are
biological systems.

Further, points identified by error codes in the publicly available rainfall data also do not
necessarily truly reflect missing data. The ¢¢ᦣó gauge records a multi-day precipitation
record collecting data over a multiple day period instead of every day. In these instances when a
multi-day record is collected, the days over that record are labeled with error codes (-9999). The
use of the error code does not actually reflect “missing” data in this scenario. A reasonable and
realistic daily rainfall estimate may be determined over that multi-day period. A full accounting of
the rainfall data is included in the response to the CH2MHill report contained in EIS Volume 5,
Appendix H-H.

The period of daily rainfall of the ¢¢ᦣó gauȋǤͻͶͳǤͳȌǡ rm site, that was
used for the   ͳǡͳͻͺͶ ͵ͳǡʹͲͳ͵ǡͳͲǡͻͷǤ
available record is for 10,597 of these days, reflecting only 360 days of truly missing recorded data.
Statistics of this rainfall record closely match the Online Rainfall Atlas of Hawaiᦣi (2013) by
 ǡ ǤǤǡ Ǥ ǡ Ǥ Ǥ ǡ ǤǤ  ǡ ǤǤ ǡ ǤǤ ǡ ǤǤ  ǡ  ǤǤ
Ǥ Based on the concurrence of the sources, the available rainfall records of Station 941.1
were taken to be a reasonable representation of the site’s actual rainfall. In total, 360 days of truly
missing records account for only 3.3 percent of the total length of this time period.

  ʹͲͳȋȌ
the odor model. Odor from slurry was modeled separately from that of effluent irrigation, as only
one will occur at a time. To minimize potential odor impacts from slurry used as pasture nutrients,
    ͻʹͲ
mph. With application at the most impactful location, paddocks south of the taro farm, the odor
from slurry application barely crosses the southern boundary with the committed herd size of up to
699 mature dairy cows. For the contemplated herd size, the odor from slurry application could
extend approximately 1,580 feet, or less than one-third of a mile. As the wind speeds for the
application occur, on average, 243 days of the year, the 99.5th percentile is reduced to potentially
 ʹͻ. The revised odor report is included as an addendum to
Appendix I.

Forages were cut, analyzed, and measured for production, nutrient content and quality, and
nutrient uptake rates, over this two-  ǯǡ ǯ ǡ owned business that assists many ᦣ farmers. The forage was tested and analyzed by
      ȋȌǡ        age Testing
Association. CVAS performed wet chemistry analysis for a number of constituents including dry
matter, crude and soluble proteins, and minerals, as well as for in vitro non-detergent fiber analysis
as a method of assessing the nutritive value of the grass trial samples. The nutrient value of the
grasses analyzed was then converted to nutrient uptake rates (in pounds of nitrogen and
phosphorus) per ton of dry matter ()  onsulting, through the use of the Cornell
ȋȌǡ -specific inputs on feed and
diets to yield both approximate milk production and manure excretion values and quality.

            Ǥ      
clearly states that there are two widely differing soil groups on the dairy and that the dynamic
management of these two soil types will require specific, unique monitoring and management
designed to take advantage of the desirable properties of each and the limitations of each. Two
distinct stages of startup and performance of the dairy are anticipated - an initial stage in which soil
nutrient levels will be restored to values optimal for pasture productivity and the pasture is being
established and the herd developed and the second that represents the finely-tuned dynamic
management of the herd size and productivity in relation to the pasture growth and productivity.
This would involve “monitoring and adaptive nutrient management” as a second stage of bringing
the dairy into an optimal state of productivity and efficiencyǡ     
only accomplish when the farm is in operation. It does not, however, mean that yields or total
nutrient application is affected, only that the management and timing of the application may be
different to account for chemical and physical properties of the soil, including sodicity, salinity, pH,
infiltration and percolation.

Whil ǡǡ 
uptake rates, this does not mean that the application of nutrients is uniform based upon the amount,
area, schedule, and frequency of nutrient application by type (as-excreted, pivot system, slurry gun,
ȌǤ   
maximize yield production while also ensuring that there is no over-application of nutrient from applied
effluent and as-  Ǥ     ǯ  ǡ    
application on an annual basis are used for planning purposes, which shows that even with conservative
grass production rates, nutrients are not over-applied in the scenario of 699 mature dairy cowherd size
while a slight excess of phosphorus can be expected at a herd size of 2,000 mature dairy cows. Should
 decide to increase the herd size beyond the committed here size, it would incrementally increase
the number of animals to ensure phosphorus is properly managedǤ       
adaptive management approach for the farm. As the farm moves into operations and continues with
ǡǡǡǡ  ptively manage the placement and
timing of nutrients to ensure there is no over-application.
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EIS Procedure is Not Flawed

The breadth and scope of potential tax credits and other tax benefits further confirms that
treating tax credits as a trigger to require environmental assessments is inappropriate. If
every tax credit triggered an environmental assessment every resident claiming renewable
energy (solar) tax credits would be forced to obtain an environmental assessment, as
would investors seeking qualifying high technology business tax credits, producers seeking
motion picture tax credits, and developers seeking low income housing tax credits. In
addition, treatment of tax benefits as the “use of State of county funds” would potentially
implicate tax-exempt organizations and homeowners claiming mortgage interest
deductions. For these reasons, the receipt of tax credits and other tax benefits are not the
“use of State or county funds” requiring and environmental assessment.

2. Use of Tax Credits. The issuance of tax credits and other tax benefits – such as tax
exemptions and deductions – are distinguishable from the use of actual State funds in that
these tax benefits act as forbearances or reductions of tax liabilities rather than as direct
payment to taxpayers. Thus, taxpayers who receive tax benefits – including tax credits
pursuant to Section 235-110.93, Hawaiᦣi Revised Statutes – do not receive State funds, but
instead reduce the amount they would otherwise pay to the State.

1. Chapter 343 applies to discretionary approvals of the triggers listed. Wastewater Branch
ǡ ǡ  , which
describes the effluent ponds. Effluent ponds are also not considered a wastewater
treatment unit because they will be used for livestock, rather than domestic, waste.
Therefore, no trigger was activated.

A. Identification of a Trigger for Environmental Review

Following publication      by the Office of Environmental Quality Control in the
      ͺǡ ʹͲͳ, the requisite 45-day public review period ensued.
Volumes 3 through 9 of the Final EIS contain each comment received, along with a response to
substantive comments. The responses have been provided directly to the commenter when an
address was provided.

               
does not require env ǡ     
prepare an EIS. This EIS was prepared in accordance with Hawai‘i Administrative Rules Title 11
Chapter 200, implementing Hawai‘i Revised Statutes (HRS) Chapter 343.    
    in January 2015, to notify members of the public that an EIS would be
 Ǥ the 30-day consultation period,   scoping meeting
 Ûloa that was open to all. More than 115 people attended, representing the local agricultural
community, special interest groups, resort and timeshare properties, and individuals. The purpose
of a scoping meeting is to identify issues of concern to be considered and addressed in the EIS.
Represent          issues and questions posed by the
meeting attendees.    omment sheets so that individuals could submit written
comments at that time or could return the sheet by the response deadline. All comments received
 ritten responses were returned
directly to the individual using the address provided. Following the meeting, the lists of issues as
recorded   Ǥ

III.
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x

ǤThe storage pond is
sized to hold a volume equivalent to 30 days of effluent from the contemplated herd size of
up to 2,000 mature dairy cows, plus normal precipitation and run-off for a 30-day period
from the 1.75-acre, uncovered portion of the total facility area to receive manure and wash
water, plus the possible rainfall from a 25-year, 24-hour storm event. In the 699-cow
scenario, the spare volume is an additional 45 percent of the total volume design. In the
2,000-cow scenario, the spare volume represents an additional buffer of up to 12 percent.

The design, capacity and operations of the effluent storage ponds are described in EIS
Section 3.3.2.4    Section 7,
Wastewater Management. The sizing and capacity of the ponds is displayed in tables,
graphics and text. The pond design is a two-step system consisting of a settling pond and a
storage pond. Solids settle out in the settling pond and are also retained through filters. The
volume of the settling pond allows space for stirring to re-suspend solids for application to
pastures. This mixing space provides an additional 285,241 gallons of pond capacity. Solids
will be cycled through the pond onto the paddocks over a maximum period of 45 days.

. The EIS describes the effluent ponds in several sections throughout
Chapter 3. The most thorough description is in Section 3.3.2.5 . The
pasture-based dairy relies on 100 percent of the nutrients from manure deposited on the
ǡ  ǡof
forage for the herd. Collection and storage of effluent provide a tool for the dairy manager to
control the schedule, timing, and mix of nutrients to be applied.

Asserting that the EIS fails to describe the proposed action when referencing  ͳǤʹ 
ignores the full Chapter 3 which fully describes    . The proposed action is
succinctly described in Chapter 3 in a form easy to understand, and includes summary tables and
diagrams to convey the information. Additional technical detail is referenced within the chapter
and included in the    ǡ    ǡ   ǡ  
Assessment. The following addresses the specific bullets presented in your letter:

C. Identification of the Complete Action

       ͻͻǡ         
herd in the future. Agricultural infrastructure          
contemplated herd size of up to 2,000 mature dairy cows, and is described in Chapter 3 of the EIS,
      . The probable impacts of the potential contemplated herd size
are            ; a summary table at the end of
Chapter 4 identifies the probable impacts at each herd size. Therefore, the potential maximum size
of the herd is disclosed, relevant analyses have been conducted, and there has been no improper
 Ǥ

  the potential maximum herd size as number of cows that reflects
the carrying capacity of the land as guided by the results of the nutrient analysis ȋ  ʹǤ͵
Proposed Action; EIS Section 1.2 Proposed Project). The committed herd size of up to 699 mature
dairy cows will demonstrate the pasture-based system as an economically and environmentally
 ǮǤ    ǯǡ
productivity, and effluent management will be used to ensure environmental health and safety, as
well as best management practices, and help determine the ultimate carrying capacity of the land.

B. Improper Segmentation of Project
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New Drains.  
are not used during anticipated significant rain events ensuring that there are no cows and
therefore no manure that could be collected by runoff and enter into a drain. See complete
response to the CH2M Hill (referred to in your letter as “Mark Madison comments”) in
Appendix H-H.

 Ǥ The estimated total number of animals presented in Appendix F
 ͺͻʹ  Ǥ   
include both lactating and dry animals, and the expected number of calves. The EIS includes
the environmental impacts of the total animal numbers on the farm, based upon the total
number of mature dairy cows on the farm, including both lactating and dry animals, and
also the expected number of calves. Appendix F-F (Section 4.A) provides additional
Ǥ

  . To state tha  ǲ  ǳ          
offsite location and impacts fails to consider the required organization of an EIS under
Hawaiᦣi Revised Statutes Chapter 343, Environmental Impact Statements. Offsite locations
and the impacts from those operations are described in Chapters 3 and 4. Chapter 3
describes the proposed action succinctly related to both on-site and off-site herd
management (Section 3.4 and 3.7 respectively); Chapter 4 analyzes relevant environmental
resources affected by off-site herd management.

      Ǥ     ǡ   ᦣipó Road, is
covered in the EIS Sections 4.18 and 4.24 “Roadways and Traffic.” The types and number of
           tate roads in the area for both the
committed herd size of 699 mature dairy cows, and the contemplated herd size of up to
2,000 mature dairy cows are described. Vehicles include milk trucks, initially one truck
every two days at the committed herd size and increasing to two per day at the
contemplated herd size; delivery trucks for grain and fertilizer initially one truck load per
week, increasing to every three days at the larger contemplated herd size; delivery of sand

x

x

x

x

At the committed herd size of 699 cows, 12 vehicle trips per day     
operations over the long-termǤ  ons to 2035 is
shown in Table 4.18-ͳ    Ǣ             
one-twentieth of one percent (0.17 percent).

In Hawaiᦣi, livestock operations follow the   by the State
of Hawaiᦣǡ ȋ Ȍ, with review by the   as a
part of the process.           ǯ ʹͲͳͶ 
  ȋȌ     ͻͻ   ǡ    
building permits to construct the dairy facility. On-going technical studies and field trials to
determine grass yields and forage data improved the nutrient mass balance analysis. While
the pasture-based, rotational-grazing dairy system and its infrastructure is fundamentally
the same, the field-tested data based on ground-ǡǤ
          ʹͲͳͶ       
Wastewater Branch to highlight the refinements and to ease the agency’s review of the EIS.
The modifications you mention are updates to the relevant nutrient information, which is
              Ǥ On July 13, 2016,
  
  ǡ and that WWB had no further comments at that time.

1. That the no action alternative does not accurately represent land use since the closure of
sugarcane cultivation;

Your letter states the EIS alternatives analysis is deficient in four respects:

F. HDF’s Alternatives Analysis

The findings of no significant impact are based on analyses of the proposed actions on the existing
conditions, and are supported by technical reports conducted by  ǯ ᦣi-based expert
consultants.  ǡ  
of ¢¢Ǯó are based on no analyses in the field and use wildly different assumptions and, in
several cases, incorrect data. In most cases, the assumptions are based on poorly-managed
conventional feedlot dairy operations on the mainland.  
conducted for the EIS, which uses reasonable and diligent processes to disclose all probable
impacts and demonstrates the dairy will not create nuisance impacts downstream or beyond
surrounding agricultural lands.

See response under III C, above, which provides direction to the EIS sections where the elements of
the action are explained and analyzed. Sections 4.20 and 4.26 provide the cumulative and
secondary impacts for both the committed and contemplated herd size, respectively.

E. Significant Adverse Impacts

Taxpayers who receive tax benefits – including tax credits pursuant to Section 235-110.93, Hawaiᦣi
Revised Statutes – do not receive State funds, but instead reduce the amount they would otherwise
Ǥ  ʹ   
not use State funds and thus disclosure is not relevant.

D. Use of Public Funds

There were no omissions of information from the EIS. The relevant details, listed above, were
     Ǥ
were included in Section 1.2, the section that fulfills the HAR §11-200 requirement of a “brief
narrative summary . . . which provides sufficient detail to convey the full impact of the proposed
action. . .”.

For     the contemplated herd size of up to 2,000 mature dairy cows,
additional vehicular tr ͳͳper day than at the committed herd size.
    totaling 23 vehicles per day would include employees and delivery
vehicles, and represents an increase in the regional traffic of less than one-third of one
percent (approximately 0.30 percent).

for calf bedding twice weekly at the committed herd size and increasing at the larger herd
size. A farm truck with stock trailer to move animals to and from off-site ranches is initially
anticipated at less than one per day, increasing to two daily trips with the contemplated
herd size. Employees, veterinarians, inspectors, and vendors are also included in the daily
trip counts.
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These spare volumes provide even greater buffer above the design capacity. 
will be mixed with non-potable water from the Waita Reservoir and applied to pastures
through a pivot irrigation system. The typical utilization schedule for the nutrient-laden
water from the storage pond for any irrigated pasture area is every four days, depending on
field conditions.
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  ȋ Ȍ d the Archaeological Inventory Survey
ȋ Ȍ    ͳͻǡ ʹͲͳǤ             
assessments and mitigation recommendations in the AIS; both the letter and the AIS are
included in Appendix GǤ ommended for 14 plantation-era sites (50-30-10ʹʹͷͳʹʹʹȌ Ǥ   
 ǡ   
affect these two sites, an agricultural heiau and petroglyph boulders (50-30-10-2250 and 3094),
  Ǥ

   (A through H) to your l    ǯ
Hawaiᦣi-based expert consultants by using wildly different assumptions and, in several cases,
incorrect data. In most cases, the assumptions are based on poorly-managed conventional
feedlot dairy operations from the U.S. Ǥ       
conducted for the EIS, which uses reasonable and diligent processes to disclose all probable
impacts and demonstrates the dairy will not create nuisance impacts down-gradient or beyond
surrounding agricultural lands. All technical responses summarized in this response, and are
reproduced in their entirety in FEIS Volume 4 (Appendices 2-A through 5-A, and 27-A) and
Volume 5 (Appendices A-A through H-H).

  plete or inaccurate analysis within this letter
and its accompanying technical responses to the reports referenced in your letter.  
initiated the EIS process at the earliest practicable time.

3. Alternatives which could attain the same action are discussed in Chapters 2 and 6 of the EIS.
A process was undertaken to consider steps to reverse the declining dairy industry in
ᦣ, which in 1984 produced 100 percent of all milk consumed in the state but now
imports 90 percent of its milk from the U.S. mainland. With a common interest in
agricultural self-sufficiency for Hawaiᦣi, Ulupono Initiative partnered with Finistere
ǡ  ǡ   ǡ    Ƭ    
conducted grass trials on four islands to identify lands capable of producing nutritious
forage for dairy cows. Additional operational needs for a pasture-based dairy were
identified. Only two sites, both on the island of ᦣand both owned by Grove Farm, met
most of the site requirements related to forage and operational needs.

2.

    
 ǡ Ǥ

1.  Alternative in the Final EIS is described as continuing use for animal grazing,
  Ǥ   
awarded the lease. Also within the valley is a tenant growing taro and utilizes a herd of
approximately 80 sheep to control existing grasses and shrubs outside of the taro lᦣi to
maintain the site through grazing.

The following provides responses to each of your four points.

4.              ᦣ for the
establishment of the pasture-based rotational grazing dairy.

3.                      ͳ
million gallons of fresh, local milk annually for Haᦣ families; and

2.    
ǡ   Ǣ
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        ǡ   in searched for
agriculturally-zoned land with potential long-term availability that may have become
available in the past few years. Approximately 1,300 acres of Mahaulepu Farm property on
ᦣ¢¢Ǯó  d Company. These fields
      ǡ           
          Ǥ  Ƭ    
January 2016 that Maui lands in sugarcane will be transitioned to diversified agriculture in
the future. However, water rights and access for diversified agriculture must be settled
through a forthcoming process, and water availability is currently unknown. Thus, Ulupono
Initiative, which conducted the research, is unaware of any new property meeting the
requirements for a pasture-based dairy that has become available since its initial
evaluation.

As explained previously in this response, the EIS addresses alternatives and minimization measures
Ǥ͵    
Service reconnaissance study and its conclusion: The reconnaissance study’s recommendation for

H. The DEIS Was Sufficient Pursuant to HAR §11-200-17

As repeated throughout the EIS and this response, the environmental analyses conducted
demonstrate that the dairy will not create nuisance impacts down-gradient or beyond surrounding
agricultural lands.   d reasonable and diligent processes to disclose probable impacts, and
will be a responsible steward of the herd, the lands and the waters within and around the dairy site.

Throughout the EIS, minimization measures are incorporated into action for both construction and
   Ǥ        ǡ     dairy to
incorporate best management practices ȋȌ  Ǥ       
   Ǥᦣi
        Ǥ       ͳǡ ʹͲͳ͵ǡ 
 ǲǳ   Ǥ     ǡ   
  Ǥ ǡlevant elements of the conservation plan, such as 
and protective measures including setbacks from waterways, are described in the EIS. Therefore,
the ConserEIS.

G. Mitigation Measures

4.

      ǲ   ͳǡͲͲͲǡͲͲͲ    ǡ
nutritious milk for Hawaiᦣi families and revitalize the dairy industry in Hawaiᦣi.” This is in
keeping with the announcement by Hawaiᦣi Governor Ige at the 2016 World Conservation
Congress in Honolulu to ǲ   ǳ, thus emphasizing the State’s focus
on advancing agricultural self-sufficiency in Hawaiᦣi.

     need are     ʹǤ͵ǣ        
establish a sustainable, pastoral rotational-grazing dairy farm that will increase current
local milk production, bolster Hawai‘i’s declining dairy industry, and reduce reliance on
imported milk from the mainland United States. The rotational-grazing dairy system utilizes
100 percent of all manure on-site as natural fertilizer to grow grass. This cost-effective
method reduces imported fertilizer and feed, and minimizes potential impacts to the
environmenǤ      
agricultural self-   Ǥ    
by the landowner to support farming and local food production, and to aid in the
resurrection of Hawai‘i’s dairy industry.
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HDF Properly Disclosed Required Approvals

   ǡʹͲͳͶ   
ǡ     
 Ǥ     ole purpose of growing
 Țͳͳ-ͷͷǡǡǤ

4. Characterizing portions of the site as wetlands is unsubstantiated and incorrect. The EIS
documents the long agricultural history of the valley noting that it was the first place in the
island chain where sugarcane was grown commercially beginning the 1830s. The extensive
irrigation systems built to bring water to the leeward (drier) side of the island are evidence
that sufficient water was not available for the sugarcane crop in the region. The wellresearched compendium, ǡ ǯ , by Carol Wilcox (1996),
 ǲǳǲǳ
in 1906. This wetland was further developed and is now known as the Waita Reservoir,
which is east of ¢¢ᦣó  .

3. The permit summary tables referenced above clearly note the U.S. Army Corps of Engineers
(USACE) Section 404 agricultural exemption for maintenance of existing drainage ditches
        . Such activities are not prohibited by or otherwise
       ͶͲͶ      ͵͵    ͵ʹ͵ǤͶǤU.S. Army
Corps. This is further discussed in Section 3.2 of the EIS. The USACE letter, dated October
22, 2014, is included in the Final EIS Volume 3 under “Agencies.”

2.

1. Your letter demonstrates you have either mis-understood or are intentional mis-representing
the number of animals at the dairy. This has been clarified in the first part of our response, as
well as in detail (Appendix F-F)         . Regardless, the EIS
discusses the distinction between the herd sizes and permit differences in Section 2.4 Planned
¢¢சó . The tables in the EIS that summarize the
permit status clearly distinguish between permits required at different herd sizes.

All permits and approvals required are listed in Chapter 3 (Section 3.10 with the heading
ǲ     ǳȌǡ  ͷ ȋǲ     
 ǳȌǡ    rized in Chapter 1 (“     
Approvals”) as required under HAR §11-200-ͳȋȌǤ       
EIS in the administrative rules is under §11-200-17, rather than the reference to HAR §11-20016(h) provided in your letter. The status of each identified approval is shown in Tables 1-3 and
3.10-1 under the column heading “Status”.

I.

           ǲ      
consequences” and “irreversible and irretrievable commitments of resources”, this is completely
false. Sections for each topic were included at both the committed herd size (4.20.2 and 4.20.4) and
the contemplated herd size (Sections 4.26.2 and 4.26.4, respectively).

authorization of a Special Resource Study included “so long as it focuses on non-traditional
management alternatives that a) involve local partners and b) include options for continued farm
and ranch operations on private agricultural lands” (emphasis added). So the outcome of the study
was for ano         ᦣ  ¢¢ᦣó should
      Ǥ ǡ     EIS Section 4.26.4 Irreversible and
Irretrievable Commitments of Resources: “Use of the site for dairy operations does not preclude
      ǡ       ǤǤ    
ȋǡʹͲͲͺȌ sance study.”
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Disclosure and Discussion of State Policy

DEIS “Misstatements”
The State Commission on Water Resources (CWRM) report referenced in the EIS provided the
information cited. ͵-70 of the 2013 Update   states:
ǲǯ ǡ ǡ-2
water and stream water since 1991.”

L.

ᦣ ǯ  RS Section 343-5 trigger exists;
        ᦣ  ǯ ǡ 
have asserted that the use of State funds and approval of a wastewater treatment
unit are applicable HRS Section 343-5 triggers.

           r    ǡ    
trigger on the OEQC publication form with the following statement:

K. No Violation of HRS Chapter 343

The discussion of State Water Quality standards and policy is contained in Section 4.17.2 Surface
 , Section 4.17.3   , and Section 5.8 Stat  ச 
Policies. The Final EIS clearly states that HAR §11-54 does not classify for protection any flowing
inland waters within the ¢¢ᦣó Watershed, thus the waters ʹǤǡ
the State policy to protect Class 2 waters for recreational use and for the protection and
propagation of fish and wildlife includes “. . .waters shall not act as receiving waters for any
discharge which has not received the best degree of treatment or control compatible with the
criteria established for this class” (emphasis added).         
conducted for the EIS adequately discloses potential impacts to waters. Setbacks, timing and
placement of nutrients, the increased capacity for the effluent ponds and additional safeguards have
   Ǥ

J.

  ͶͲͶ 
the page 1-20 of your reference, and is included in the FEIS on page 1-ʹͳǤ 
the FEIS have disclosed all required permits and approvals, along with the status of same.

EIS Section 4.16   states: “The groundwater and surface water study
provides insight to the depth of the groundwater in the alluvial layer. Toward the inland
ȋ  -ͳʹȌǡͺͲǤ
level drops rapidly going makai, to 68 feet A   -Ͷǡ   Ͷͻ    -3. In
general, the movement of groundwater in the alluvium is from mauka to makai with
ultimate discharge into the marine environment. . .” That the depth to groundwater across
the site would not be the same from place to place is axiomatic.

 ȋʹȌ  ǯ 
with more than 50 years of experience in water quality research and water resource
engineering here in Hawai‘i. He is considered one of the foremost experts in the field. His
report documents the site’s ground and surface water resources. The depth to groundwater
within the alluvial layer is varied. Final EIS Appendix 2-A (contained in Volume 4) contains
  engineer (Appendix 3 to the Friends of
¢¢ᦣó     Ȍ, which notes that the depth to groundwater in the
alluvium that               
monitoring wells. Based on the measurements, the actual depths from ground level to the
groundwater are between 8 and 24 feet deep.
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Conclusion

cc:

Ǯ 
HawaǮ ǡ
 

Je Ǥǡ ǡ
 

Ͳ  ǡ Ǥ

Sincerely,

Thank you for your participation in the environmental review process.

Your comment, along with this response, will become part of the public record and will be
published in the Final EIS. A copy of the Final EIS is included on a compact disc with this letter.
When published, the Final EIS will be available on the OEQC website which you can access using the
ǡ ǲ ᦣ ǳǣǣȀȀǤ Ȁ .

              to designing a worldǡǤ  ǯ
self-sufficiency by reinvigorating  ᦣthrough establishment of a
financially and environmentally sustainable, pastoral rotational-grazing dairy will provide more
than one- ᦣǯǤ

  ᦣ   
the law. The comments provided in your letter, which are largely based on the reports attached to
your letter,      ǯ ᦣi-based expert consultants by using assumptions
based on poorly-managed conventional feedlot dairy operations on the mainland and, in several
cases, incorrect data. The requirements for an EIS are to disclose probable impacts and to identify
minimization measures to reduce impacts. The results of the EIS note that no impacts extend to
resort, commercial, residential or recreational areas.

IV.

 ᦣó
ᦣó ǡ  
along with other landscaping and domestic source   ᦣó    ͵Ǥͺ 
ͳǤͶ   Ǥ  
that you claim that the golf course carefully manages fertilizer due to cost and environmental
reasons, but charge that a proposed dairy business would not.

Utilizing reports of agencies is standard practice during research regarding cumulative impacts. The
  ᦣ               
closest resort. For these reasons, the EIS incorporates information from relevant, published references.

Again, the EIS and the economic consultant cite the 2013 CWRM reporǤ  ͵-71 of that report
states: “The recycled water has a slight odor when spray-irrigated, and this odor is more noticeable
at the first three holes where the higher concentration of recycled water is utilized.”
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A-A
RESPONSE TO ECONOMIC SECTIONS COMMENTS

1655 Kamole Street • Honolulu, HI 96821 • Office: (808) 373-9364 • Fax: (808) 373-9590 • E-mail: bplasch@hawaii.rr.com

The planned Hawai‘i Dairy Farms (“HDF” or “Dairy”) will be the first in
Hawaiʻi to employ rotational pasture-grazing. Benefits of pasture grazing
includes but are not limited to improved grass growth, even deposits of manure
for fertilization, and reduced erosion and runoff. Also, the Dairy will feature

— HDF vs. Traditional Dairies

The following information was provided in Appendix J:

The economic impacts from nuisances were addressed in Appendix J. The impacts
were not omitted, discounted, or assumed away. The finding was no significant adverse
economic impacts, a finding based on environmental studies that indicate no significant
nuisance impacts affecting resort, commercial, residential or recreational areas.

Responses to Comments

Bail, BRG, Matsumoto and Tebbutt, and Kilpatrick assert that the economic impacts
of nuisances from the Dairy were not addressed in the DEIS Appendix J, and/or assert
large adverse economic impacts from nuisances.

Comments on Economic Impacts

1. Economic Impacts of Nuisances

• John A. Kilpatrick, Ph.D., MAI, FRICS, “Economic and Valuation Impacts of a
Proposed Concentrated Animal Operation on Kauaʻi.” July 2016.

• Sarah A. Matsumoto and Charles M. Tebbutt, Law Offices of Charles M. Tebbutt,
PlC., lettter of July 25, 2016

• Berkeley Research Group (“BRG”), “Assessment of Economic Impacts of the
Proposed Hawaiʻi Dairy Farms Facility,” July 2016.

• Lisa A. Bail, Goodsill Anderson Quinn & Stifel, Letter of July 25, 2016

Response to Comments by:

Re: Hawaiʻi Dairy Farms, Draft Environmental Impact Statement, Economic Sections
(DEIS),

August 24, 2016

ECONOMIC CONSULTING: Economic Development • Land Economics • Feasibility & Valuations • Benefits & Impacts

Bruce Steven Plasch, Ph.D., President

Plasch Econ Pacific LLC

The comments by Matsumoto and Tebbutt, and Kilpatrick about the adverse
economic impacts of the dairy appear to be based on nuisance parameters and footprints
of typical dairies found on the mainland, not on those of the planned Dairy which will be a
modern facility that uses rotational pasture-grazing.

• County or State taxes derived from residents, resorts, or commercial
activities in the region.

• Values of properties in the region.

• Property sales in the region (single-family homes, condominiums,
second homes, time-share units, etc.).

• Residents when at home in the region.

• The regional economy (number of visitors, visitor expenditures, retail
sales, employment, incomes, etc.)

• Recreational activities in the region.

• Guests of resorts in the Kōloa-Poʻipū region.

In view of the lack of nuisance impacts on resort, commercial, residential
or recreational areas, the Dairy will not adversely affect:

— Economic Impacts of Nuisances

The environmental studies for the Dairy indicate that no noticeable noise,
dust, odors, flies, runoff, or other nuisance impacts will extend to resort,
commercial, residential or recreational areas. Noticeable nuisance impacts
occurring outside the Dairy property will be limited to the abutting farm and
ranch lands which are owned by Māhāʻulepū Farm, lessor of the Dairy property. These abutting lands are designated Important Agricultural Lands, so they
will remain in agriculture for the foreseeable future.

— Nuisance Impacts

In contrast to the Dairy’s rotational pasture-grazing approach, traditional
dairies concentrate their milking cows in feed lots where the cows feed on
grains, hay and/or silage. Correspondingly, a large volume of manure is
generated in a small area, leading to waste-management challenges. These
types of operations can generate significant odors and other nuisance impacts
(flies, dust, noise, runoff, etc.) which can extend beyond the property boundaries of a dairy, thereby affecting nearby and downwind properties. In turn,
nuisance impacts can have adverse economic impacts on affected neighbors,
including but not limited to a loss in property values, reduced tourism, reduced
sales and employment, and reduced tax revenues.

modern facilities and practices, and will comply with all applicable Federal
and State environmental standards.

Hawaiʻi Dairy Farms, Response to Comments on Economic Impacts
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“… HDF falsely asserts that there is ‘a slight odor when the reclaimed water is
sprayed, which is more noticeable at the first three holes because of the higher concentration of reclaimed water. The irrigation of effluent within the recreational area also creates
an odor close to the resort.’ DEIS at 4-85, Appendix J at III-12. Putting aside the highly
subjective nature of the assertion, the assertion is not correct. Kawailoa has not received

Comment, Bail, p. 38, §L, ¶3

3. Odors, Poʻipū Bay Golf Course

Also, Hawaiʻi has a precedent of a large concentrations of milk cows. In 1994,
Waiʻanae had a cluster of dairies with an estimated 5,400 milk cows (derived from
“Decision Analysts Hawaiʻi, inc., “Waiʻanae Planning District, Oʻahu: Agricultural
Resources and Activities,” November 1997; and “Statistics of Hawaiian Agriculture,”
annual). Adding beef cattle, pigs, poultry, sheep and goats, the Waiʻanae District had over
670,000 animals—about 17 animals per person. Many residents were unaware of the
extent of the livestock activity within their community, even though most livestock
operations were within a mile of residential communities along the coast.

In addition to milk cows, Hawaiʻi has a large number of beef cows: about 80,000
milk and beef cows in 2012 (“Hawaiʻi Farm Facts” ). Thus, 2,000 additional cows
amounts to an increase of only 2.5% of the inventory.

As stated, the Dairy will “nearly double” the number of milk cows in Hawaiʻi. But
this is only because 20 of 22 dairies closed since 1984 (“Statistics of Hawaiian
Agriculture,” annual). In 1984, about 12,100 cows produced all of the milk consumed in
Hawaiʻi (“Statistics of Hawaiian Agriculture,” annual). In that year, Hawaiʻi had about
1.23 million residents and visitors versus a current de facto population of about 1.58
million people (“Hawaii Data Book” annual). If Hawaiʻi were still self-sufficient in milk,
an additional 2,000 milk cows would amount to a 13% increase in the number of milk
cows [2,000 ÷ (12,100 × 1.58/1.23)].

Bail’s figures are correct but, from a historic perspective, she is incorrect about her
assertions that the Dairy would represents a large increase in milk cows and that such a
large number of milk cows is without precedent.

Response

“This Dairy project is large, and in Hawaiʻi, without precedent. As of January 2015,
there were a total of 2,200 milk cows in multiple locations throughout the entire state. …
With HDF’s planned operation of up to 2,000 cows, the state-wide number will nearly
double, …”

Comment, Bail, p. 1, §I, ¶1

2. Size of the Dairy

Hawaiʻi Dairy Farms, Response to Comments on Economic Impacts
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Second, Appendix J does not contain a statement to the effect that “HDF recognizes
that nuisances from the facility [i.e., the proposed Dairy] might reach properties 3 miles
away.” The relevant Subsection 7.a addresses the impacts on home property values
caused by nuisances of some mainland livestock operations, and explicitly states that the
findings do not apply to the planned Dairy. Nuisance impacts of the Dairy will not extend

This comment has two inaccuracies. First, the adverse economic impacts of
nuisances are addressed adequately as explained above.

Response

“The current DEIS fails to address [tourism] impacts adequately even though HDF
recognizes that nuisances from the facility might reach properties 3 miles away.” (Appendix J of DEIS, at p. III-8.)

Comment, BRG, p. 3, ¶4

4. Distance of Nuisance Impacts

As indicated above, Bail reports that “Kawailoa has not received any complaints
from hotel guests or workers related to odors from irrigation.” This reinforces the fact
that, if properly managed, reclaimed wastewater can be used to irrigate grasses in close
proximity to resort areas without adversely affecting tourism or the regional economy. In
contrast to the abutting golf course, the Dairy will be much farther away—about 1.5 miles
from the Grand Hyatt Kauaʻi to the nearest paddock.

The information is from an authoritative report: “2013 Update of the Hawaiʻi Water
Reuse Survey and Report,” July 2013. It was prepared by The Limtiaco Consulting
Group for the State of Hawaiʻi, Department of Land and Natural Resources.

“Reclaimed wastewater is used for irrigating farmlands and golf
courses throughout Hawaiʻi, including golf courses in Poʻipū. In 2013,
the Limticao Consulting Group reported that the Poʻipū Bay Resort Golf
Course, which is the golf course for the Grand Hyatt Kauaʻi, uses a mix
of 20% to 40% R-2 rated wastewater. However, a mix of up to 60%
wastewater is used on the first three holes, resulting in a slight odor
during spraying. For the Dairy, the mix will be less than 8%.”

The full statement from Appendix J, p. III-12 is as follows:

Response

any complaints from hotel guests or workers related to odors from irrigation. Moreover,
there is no reason why the first three holes would smell any differently than the other
holes. The underlying premise of the assertion is false since the first ten holes utilize the
same water as the first three holes.”

Hawaiʻi Dairy Farms, Response to Comments on Economic Impacts
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— Home values will not be affected because no noticeable
odors, noise, flies, dust, runoff, or other nuisance impacts
from the operation will extend to residential areas (see Subsections 7.c and 7.d). Instead, any noticeable nuisance impacts occurring beyond the Dairy property will be limited to
the abutting farm and ranch lands which are owned by
Māhāʻulepū Farm, lessor of the Dairy property.

— The HDF pasture system differs from a conventional dairy
where cows are confined to barns. Instead of storing manure
in lagoons and feeding silage (fomented vegetation) as
forage, the Dairy will use rotational pasture-grazing where
the animals are dispersed over a large expanse of grassland.

The above findings about the impacts of CAFOs on home values
do not apply to the proposed Dairy for the following reasons:

— …

• Significantly lower home values can be limited to less than
1 mile from a CAFO, but some studies have found that
lower values can extend beyond 3 miles.

— Distance

Most CAFOs generate significant odors and other nuisance
impacts (flies, dust, noise, runoff, etc.) that can extend beyond the
CAFO property boundaries, thereby affecting nearby and downwind
properties. Usually, but not always, property values of homes near
CAFOs are lower than those of similar homes that are not affected by
nuisance impacts of CAFOs.
Relevant findings of the various
studies, some of which are contradictory, include the following:

A number of mainland studies have addressed the impact of large
concentrated animal feeding operations (“CAFOs”) on property
values of nearby homes (see listing in References). These
operations, which are often called feedlots, confine a large number of
animals—hogs, chickens, sheep, or cows—in a small area. Correspondingly, a large volume of manure is generated in a small area,
leading to waste-management challenges.

Property Values

a. Impacts of Concentrated Animal Feeding Operations on

7. NUISANCE ISSUES AND IMPACTS

to nearby residential (or resort) properties. Relevant portions of this subsection are as
follows (Appendix J, pp. III-8 and 9):

Hawaiʻi Dairy Farms, Response to Comments on Economic Impacts
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This statement is false. Economic impacts are not assumed away based on distances
separating the Dairy from resort, commercial, residential or recreational areas. Instead,
economic impacts are based on the environmental studies for the Dairy. These studies
indicate that the Dairy will have no noticeable noise, dust, odors, flies, runoff, or other
nuisance impacts that extend to resort, commercial, residential or recreational areas.
Noticeable nuisance impacts occurring outside the Dairy property will be limited to the
abutting farm and ranch lands which are owned by Māhāʻulepū Farm, lessor of the Dairy
property. Consequently, the Dairy will have no adverse economic impacts related to
nuisances.

Response

“….The DEIS assumes away the potential impacts by claiming that “[c]onsiderable
distances will separate the Dairy from the resorts, commercial areas, homes and recreational areas.”

Comment

5. Odors, Assumptions for Economic Findings, BRG, p. 8

Hawaiʻi Dairy Farms, Response to Comments on Economic Impacts
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B-B
RESPONSE TO TECHNICAL MEMORANDUM,
HAWAII DAIRY FARM ODOR IMPACT ASSESSMENT



$UFDGLV3URMHFW1R

+,



)URP

%U\DQ&KHQ$UFDGLV

'DWH

'HFHPEHU

6XEMHFW



$UFDGLV86,QF







)D[

7HO

&DOLIRUQLD

6DQ)UDQFLVFR

6XLWH

0RQWJRPHU\6WUHHW

57&2GRUY



³7KHRGRUWKUHVKROGRI28PDYHUDJHGRYHURQHKRXUXVHGLQWKH'(,6WRHYDOXDWHLPSDFWVZDVQRW
FRQVLGHUHGDSSURSULDWHIRUDVHQVLWLYHSRSXODWLRQVXFKDVKRWHOJXHVWVDWDUHVRUWDUHD7KH'(,6RGRU
WKUHVKROGEHLQJXVHGKDVQRWEHHQDGRSWHGE\DQ\JRYHUQPHQWDODXWKRULW\RUDJHQF\2GRUVDUH
SHUFHLYHGRYHUPXFKVKRUWHUWLPHSHULRGVWKDQRQHKRXU´ SDJH 

([SRQHQW&RPPHQW

2GRU7KUHVKROGV



7KH+DZDLµL'DLU\)DUP +') VXEPLWWHGD'UDIW(QYLURQPHQWDO,PSDFW6WDWHPHQW '(,6 WKDWLQFOXGHGDQ
RGRULPSDFWDQDO\VLVWKDWHYDOXDWHGSRWHQWLDORGRULPSDFWVIURPWKHSURSRVHGSURMHFW,QUHVSRQVHWRWKH
RGRULPSDFWDQDO\VLV([SRQHQW,QF ³([SRQHQW´ UHWDLQHGE\*RRGVLOO$QGHUVRQ4XLQQ 6WLIHO//3RQ
EHKDOIRI.DZDLORD'HYHORSPHQW//3 ³.DZDLORD´ SUHSDUHGDVHSDUDWHRGRUDQDO\VLV ([SRQHQW 
DQGSURYLGHGFRPPHQWVUHJDUGLQJWKHRGRUDQDO\VLVLQWKH'(,67KLVGRFXPHQWUHVSRQGVWRWKHPDLQ
FRPPHQWVPDGHLQWKH([SRQHQWGRFXPHQW5HYLVLRQVEDVHGRQWKHVHFRPPHQWVDUHLQFOXGHGLQWKH
5HYLVHG2GRU(YDOXDWLRQ7HFKQLFDO5HSRUW 'HFHPEHU DVSUHVHQWHGLQ$WWDFKPHQW

,QWURGXFWLRQ
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)RUWKHSURMHFWVLWHLWLVDQWLFLSDWHGWKDWWKH.LNX\XWKDWFKZRXOGDEVRUEWKHOLTXLGDQGDFFRPSDQ\LQJ
PDORGRUDQWVIURPWKHGLOXWHGHIIOXHQWZLWKLQDVKRUWWLPHIUDPHPRGHOHGDVDRQHKRXUWLPHIUDPHLQWKLV
DQDO\VLV7KHHIIOXHQWWREHXVHGDWWKHSURMHFWZLOOKDYHYLUWXDOO\QRGU\PDWWHUZKLOHWKH³VHSDUDWHVOXUU\´
XVHGLQWKH3DLQVWXG\UHSRUWHGDYDOXHRI$VLWLVOLNHO\WKDWWKHVROLGVHQFRPSDVVWKHPDMRULW\RI
WKHRGRUVXVLQJWKHVHSDUDWHVOXUU\HPLVVLRQUDWHLVQRWDQDSSURSULDWHVXEVWLWXWHIRUWKHHIIOXHQW7KHXVH
RIWKHHPLVVLRQUDWHIRUWKHHIIOXHQWSRQGDVXVHGLQWKH'(,6LVWKHUHIRUHDEHWWHURSWLRQ$OWKRXJKWKLV
DSSURDFKGRHVQRWDFFRXQWIRUSRWHQWLDOWXUEXOHQWDHUDWLRQLWDVVXPHVWKHHQWLUHVXUIDFHRIWKHJURXQG
FRYHUHGZLWKLQWKHKRXULVFRYHUHGZLWKLUULJDWLRQZDWHUDQGWKDWWKHRGRUVIURPWKHHIIOXHQWSRQGVKDYHQRW
GHFUHDVHGRYHUWLPHGXHWREUHDNGRZQRIRGRUUHODWHGFRPSRXQGV+RZHYHUDGMXVWPHQWVWRWKHGLOXWLRQ
ZLOOEHPDGHWRDFFRXQWIRUWKHYDULDEOHGLOXWLRQVSRVVLEOHWKURXJKRXWWKH\HDUDVSUHVHQWHGLQWKH
$WWDFKPHQW

7KHORQJHUGXUDWLRQDQGKLJKHUFRQFHQWUDWLRQVRIRGRUVREVHUYHGLQWKH3DLQHWDOVWXG\LVOLNHO\D
UHVXOWRI KLJKHUFRQFHQWUDWLRQRIVROLGVLQWKHHIIOXHQW KLJKHUDSSOLFDWLRQUDWHV ORZHUDEVRUSWLRQ
UDWHRIWKHJUDVVODQGFRPSDUHGWRWKH.LNX\XFURSDWWKHSURMHFWVLWHDQG KLJKHUVLODJHGLHW

Irrigation

5HVSRQVH



([SRQHQWSURSRVHGXVLQJRGRUHPLVVLRQUDWHVIURP3DLQHWDOIRULUULJDWLRQDQGDVHSDUDWHUDWHIRU
VOXUU\DSSOLFDWLRQDQGXVHRIWKH2))6(7PRGHO -DFREVRQHWDO IRUHPLVVLRQUDWHVWKHPDQXUH
([SRQHQWFRQFXUUHGZLWKWKH$UFDGLV 0D\ PRGHOLQJFRQGXFWHGIRUWKH'(,6UHODWHGWRHPLVVLRQV
IURPWKHEXLOGLQJVDQGHIIOXHQWSRQGV

³7KHRGRUHPLVVLRQVIRUVRPHVRXUFHVWKDWZHUHXVHGLQWKH'(,6ZHUHFRQVLGHUHGVLJQLILFDQWO\
XQGHUHVWLPDWHG)RUH[DPSOH+')IDLOHGWRLQFOXGHWKHRGRUHPLVVLRQVIURPILHOGVWKDWKDGUHFHLYHG
HIIOXHQWLUULJDWLRQRUVOXUU\LQWKHKRXUVEHIRUHWKHRQHEHLQJPRGHOHGDQGJURVVO\XQGHUHVWLPDWHGWKHRGRU
VWUHQJWKVIURPVHYHUDOVRXUFHV´ SDJH 

([SRQHQW&RPPHQW

2GRU(PLVVLRQ5DWHV



7KHRGRUWKUHVKROGRI28PDYHUDJHGRYHURQHKRXUDQGWKSHUFHQWLOHZDVVHOHFWHGEDVHGRQWKH
VSHFLILFLW\WRGDLU\IDUPV,QKLVFRPSDULVRQRIRGRUUHJXODWLRQVDQGJXLGDQFHIURPIRXUFRQWLQHQWVDQG
1HZ=HDODQG28POLPLWVIURP0DKLQ  VKRZRIIVLWHVWDQGDUGRUJXLGHOLQHVLQWKH86WREH
EHWZHHQDQG28PZLWKWKHPDMRULW\RIWKHYDOXHVEHWZHHQDQG28P/RZ28PYDOXHVDUH
RIWHQGLIILFXOWWRREVHUYH)RULQVWDQFH&DOLIRUQLD V6RXWK&RDVW$LU4XDOLW\0DQDJHPHQW'LVWULFW VVWDWHV
WKDWDW'7 28P SHRSOHEHFRPHFRQVFLRXVO\DZDUHRIWKHSUHVHQFHRIDQRGRUDQGWKDWDWWR
'7RGRUVDUHVWURQJHQRXJKWRHYRNHUHJLVWHUHGFRPSODLQWV 6&$40' :KLOHRGRUVPD\EH
SHUFHLYHGRYHUWLPHSHULRGVOHVVWKDQRQHKRXUWKHVHOHFWHGWKUHVKROGZDVGHVLJQHGIRUDRQHKRXU
DYHUDJH,IDVKRUWHUWLPHSHULRGZDVGHVLUHGDKLJKHUYDOXH SHUKDSVFORVHUWR28P ZRXOGKDYH
EHHQVHOHFWHG)XUWKHUWKHPRGHOLQJFRQVLGHUVWKHHPLVVLRQVRXUFHVDWWKHLUPRVWLPSDFWIXOORFDWLRQV
HYHQWKRXJKVRPHRIWKHVRXUFHVDUHWHPSRUDU\ LHLUULJDWLRQDQGVOXUU\DSSOLFDWLRQ *LYHQWKH
FRQVHUYDWLYHQDWXUHRIWKHDLUGLVSHUVLRQPRGHOLQJWKHWKUHVKROGXVHGLQWKH'(,6ZDVGHWHUPLQHGWREH
DSSURSULDWH

5HVSRQVH
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7KHUHVXOWVRIWKH7RSSHUGDWDZHUHXVHGLQWKHLQLWLDORGRUPRGHOIRUWKH'(,6WRDFFRXQWIRUWKHXQLTXH
GLHWRIWKHFRZVDWWKHSURMHFW7KHXVHRIDQRSHQORWYDOXHIURPWKH2))6(7PRGHOGRHVQRWDFFRXQWIRU
WKHGLHWDQGVXEVHTXHQWIHFHVXULQHUDWLR1RUGRHVWKLVDSSURDFKDFFRXQWIRUWKHIDFWWKDWDQRSHQORWLVD
FRPSDFWHGGLUW RUFRQFUHWH DUHDDVRSSRVHGWRWKH.LNX\XWKDWFKWKDWZKHUHPDQXUHLVLQFRUSRUDWHGLQWR
ZKDWLVHIIHFWLYHO\DQRUJDQLFQHW+RZHYHUWKHHPLVVLRQUDWHVEDVHGRQWKH-DFREVRQHWDOVWXG\
IRUWKHRSHQORWYDOXHXVHGLQWKH2))6(7PRGHOFDQEHPRGLILHGWRDFFRXQWIRUWKHLVVXHVDERYHDQGDUH
SUHVHQWHGLQ$WWDFKPHQW



Manure





3DJH

([SRQHQW2GRU,PSDFW$VVHVVPHQW+DZDL¶L'DLU\)DUPV$WPRVSKHULF6FLHQFHV-XO\

Slurry

DUFDGLVFRP
57&2GRUY





6RXWK&RDVW$LU4XDOLW\0DQDJHPHQW'LVWULFW  &DOLIRUQLD(QYLURQPHQWDO4XDOLW\$FW &(4$ $LU
4XDOLW\+DQGERRN

7RSSHU3DWULFN$5RELQ%UDQGW$$GYLHQWR%RUEH*-/DVFDQR$-+HLQULFKV():KHHOHU
2GRU(YDOXDWLRQDQG*DV(PLVVLRQIURP0DQXUHRI'DLU\+HLIHUV)HG+LJK/RZ±)RUDJH4XDOLW\DQG
+LJK/RZ&RQFHQWUDWH'LHWV$6$%(0HHWLQJ3UHVHQWDWLRQ-XQH-XO\

3DLQ%)5HHV<-/RFN\HU'52GRXUDQG$PPRQLD(PLVVLRQ)ROORZLQJWKH$SSOLFDWLRQRI
3LJRU&DWWOH6OXUU\WR/DQG9RODWLOH(PLVVLRQV)URP/LYHVWRFN)DUPLQJDQG6HZDJH2SHUDWLRQV(GLWHG
E\9&1LHOVHQ-+9RRUEXUJDQG3//¶+HUPLWHSS

0DKLQ7'³&RPSDULVRQRI'LIIHUHQW$SSURDFKHV8VHGWR5HJXODWH2GRUV$URXQGWKH:RUOG´Water
Science and Technology, 9RO1RSS

-DFREVRQ/'6FKPLGW6:RRG2))6(72GRUIURPIHHGORWVVHWEDFNHVWLPDWLRQWRRO8QLYHUVLW\
RI0LQQHVRWD3XEOLFDWLRQ)&

5()(5(1&(6



6LPLODUWRWKHGLIIHUHQFHVQRWHGDERYHUHJDUGLQJWKHDSSOLFDELOLW\RIWKH3DLQHWDOVWXG\UHVXOWVRI
LUULJDWLRQOLTXLGIRUWKLVDQDO\VLVWKHVOXUU\LQWKH3DLQHWDOVWXG\KDVDKLJKHUFRQFHQWUDWLRQRIVROLGV
LQWKHHIIOXHQWDQGORZHUDEVRUSWLRQUDWHRIWKHJUDVVODQG7KH3DLQHWDOVWXG\XVHGDVOXUU\ZLWK
GU\PDWWHUZKLOHWKHVOXUU\IURP+')LVDQWLFLSDWHGWREHFORVHUWRGU\PDWWHUWKXVWKHYDOXHXVHG
IRUWKHVHSDUDWHVOXUU\ZRXOGEHPRUHDSSURSULDWH$GGLWLRQDOO\WKHVOXUU\XVHGDW+')ZLOOW\SLFDOO\EH
GLOXWHGE\RUPRUH7KHXVHRIUHYLVHGRGRUHPLVVLRQUDWHVEDVHGRQWKH3DLQHWDOVWXG\DUH
SUHVHQWHGLQ$WWDFKPHQW
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&RPSXWHUEDVHGDLUGLVSHUVLRQPRGHOVFDQEHXVHGWRGHWHUPLQHWKHFRQFHQWUDWLRQDQGIUHTXHQF\RI
RGRUVDQGIXJLWLYHGXVWDWVSHFLILFORFDWLRQVDURXQGDVRXUFHXVLQJORFDOZHDWKHUGDWD7KH$(502'
PRGHOLQJV\VWHP $(502' YHUVLRQ DQGLWVSUHSURFHVVLQJSURJUDPV$(50$3DQG$(50(7 
ZHUHXVHGIRUWKHDQDO\VLV$(502'LVDVWHDG\VWDWH*DXVVLDQSOXPHPRGHOWKDWUHTXLUHVIRXUJHQHUDO
W\SHVRILQSXWGDWDHPLVVLRQVRXUFHLQIRUPDWLRQUHFHSWRUORFDWLRQVPHWHRURORJ\DQGPRGHOVSHFLILF
FRQWURORSWLRQV





7KHWRWDOGDLU\IDUPDUHDLQFOXVLYHRISDVWXUHDQGGDLU\IDFLOLW\EXWH[FOXGLQJWKHH[LVWLQJWDURIDUPZDV
LQLWLDOO\FDOFXODWHGDVDFUHV)RUWKHSXUSRVHVRIWKLVHYDOXDWLRQWKHGDLU\SURMHFWVLWHZDVGLYLGHG
LQWRWZRODQGXVHDUHDV)LHOGDFUHVRISDVWXUHDQG)LHOGDFUHVFRQWDLQLQJWKHGDLU\
IDFLOLW\)LHOGLVEURNHQXSLQWRSDGGRFNVRIDSSUR[LPDWHO\WRDFUHVLQVL]H

7KHSURMHFWDUHDKDVKLVWRULFDOO\EHHQXVHGIRUVXJDUFDQHSURGXFWLRQDVSDUWRIWKH.RORD3ODQWDWLRQXQWLO
WKHODWHVZKHQWKH.RORD0LOOFORVHG6LQFHWKHPLOOFORVHGWKHSURMHFWDUHDDQGLWVVXUURXQGLQJKDV
EHHQOHDVHGWRYDULRXVWHQDQWVIRUUDQFKLQJDQGGLYHUVLILHGDJULFXOWXUDORSHUDWLRQV$VPDOOSORWRIODQGLQ
WKHORZHUFHQWHURIWKHYDOOH\LVFXUUHQWO\XVHGIRUWDURORµLDQGZLOOFRQWLQXHWREHOHDVHGDQGIDUPHGDIWHU
WKHGDLU\DQGUHODWHGSDVWXUHVDUHLQIXOORSHUDWLRQ5HFUHDWLRQDOODQGXVHVXFKDVJROIFRXUVHVDQGKRWHOV
DUHORFDWHGDSSUR[LPDWHO\PLOHVWRWKHVRXWKDQGUHVLGHQWLDOSURSHUWLHVDUHORFDWHGPRUHWKDQ
PLOHVWRWKHVRXWKZHVWDQGZHVW)LJXUHSUHVHQWVDSURMHFWORFDWLRQPDSVKRZLQJWKHSURMHFWVLWHDQG
VXUURXQGLQJODQGXVH



5HFHSWRUV

7HUUDLQ

0HWHRURORJLFDO'DWD

0RGHO&RQWURO2SWLRQV
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5HFHSWRUVDUHGHILQHGDVORFDWLRQVDWZKLFKRGRUDUHHVWLPDWHGDQGGRQRWQHFHVVDULO\GHQRWHZKHUHDSHUVRQLV
ORFDWHG





7KHDQDO\VLVLQFOXGHGWKHXVHRIVHOHFWHGPRGHOFRQWURORSWLRQVWKDWDOORZWKHPRGHOWREHPDGHPRUH
VLWHDQGSURMHFWVSHFLILF7KHVHPRGHORSWLRQVLQFOXGHODQGXVHFODVVLILFDWLRQLQFRUSRUDWLRQRIEXLOGLQJ
ZDNHLQIRUPDWLRQDYHUDJLQJWLPHDQGUHJXODWRU\FRQWURORSWLRQV7KHPRGHOLQJXVHGWKH$(502'
UHJXODWRU\GHIDXOWRSWLRQ7KLVRSWLRQLQFOXGHVHOHYDWHGWHUUDLQDOJRULWKPVWKHHIIHFWVRIVWDFNWLS



2QH\HDU  RI$(50(7UHDG\PHWHRURORJLFDOGDWDIRUWKHSURMHFWVLWHZDVREWDLQHGIURP/DNHV
(QYLURQPHQWDO7KHPHWHRURORJLFDOGDWDZHUHGHULYHGIURPWKH1&$500 WKJHQHUDWLRQ0HVRVFDOH
0RGHO SURJQRVWLFPHWHRURORJLFDOPRGHO7KHGDWDZHUHXVHGWRGHYHORSWKHQHFHVVDU\VXUIDFHDQG
XSSHUDLUILOHVIRUWKHSURMHFW VORFDWLRQDQGPRGHOLQJGRPDLQ7KHVHILOHVZHUHXVHGDVLQSXWVLQWRWKH
$(50(7SUHSURFHVVLQJVRIWZDUH7KHILQDO$(502'UHDG\PHWHRURORJLFDOGDWDILOHZDVSURFHVVHG
XVLQJHVWLPDWHGVXUIDFHFKDUDFWHULVWLFVLQWKHSURMHFWYLFLQLW\ZLWK$(50(77KHVXUIDFHFKDUDFWHULVWLFV
ZHUHHVWLPDWHGIURPDYDLODEOHDHULDOSKRWRVIRUWKHSURMHFWORFDWLRQ$ZLQGURVHSORWRIPHWHRURORJLFDO
GDWDLVSUHVHQWHGLQ)LJXUH7KLVILJXUHVKRZVWKDWWKHSUHGRPLQDQWZLQGGLUHFWLRQLVWRZDUGVWKH
VRXWKZHVW



7HUUDLQHOHYDWLRQVZHUHREWDLQHGIURP1DWLRQDO(OHYDWLRQ'DWDVHW 1(' GLJLWL]HGWHUUDLQGDWDIURPWKH
8QLWHG6WDWHV*HRORJLFDO6XUYH\ 86*6 DQGSURFHVVHGXVLQJ$(50$3



7KHSURMHFWVLWHLVVLWXDWHGLQWKH0DKDµXOHSX9DOOH\RQWKHLVODQGRI.DXD¶L7KHYDOOH\LVRQWKHOHHZDUG
VLGHRIWKH+DµXSXPRXQWDLQULGJHZKLFKUXQVLQWKHHDVWZHVWGLUHFWLRQDQGWKHYDOOH\LVDOVRIODQNHGE\
ULGJHOLQHVRQERWKVLGHV0W+DµXSXLVWKHKLJKHVWSRLQWRQWKHULGJHOLQHDWWKHEDFNRIWKHYDOOH\ZLWKDQ
HOHYDWLRQRIIHHW)URPWKLVSRLQWWKHJURXQGGURSVYHU\TXLFNO\GRZQWRWKHERWWRPRIWKHYDOOH\WR
DERXWDQHOHYDWLRQRIIHHW7KHEDVHRIWKHYDOOH\LWVHOILVVRPHZKDWJUDGXDOO\VORSHGIURPDQ
HOHYDWLRQRIIHHWWRDQHOHYDWLRQRIIHHWDORQJ0DKDµXOHSX5RDGRQWKHPDNDLVLGHRIWKHSURMHFW
VLWHQHDUWKHWDURIDUP



)HQFHOLQH ERXQGDU\ UHFHSWRUVDQGRQH&DUWHVLDQJULGRIUHFHSWRUVH[WHQGLQJRXWWRNPIURPWKHVLWH
ZHUHXVHGIRUWKHPRGHOLQJDQDO\VLV)HQFHOLQHUHFHSWRUVSDFLQJZDVPHWHUVZKLOHWKH&DUWHVLDQ
UHFHSWRUJULGVSDFLQJLVPHWHUVEHWZHHQUHFHSWRUV$OOUHFHSWRUVZHUHSODFHGDWJURXQGOHYHOLQWKH
PRGHOEDVHGRQVWDQGDUGPRGHOLQJSURWRFRO

0DKDµXOHSX+DZDLL

0DKDµXOHSX+DZDLL



.DXDL'DLU\

.DXDL'DLU\

+DZDLµL'DLU\)DUPV//& +') LQWHQGVWRGHYHORSDGDLU\ZLWKXSWRFRZVLQWKH0DKDµXOHSX
9DOOH\RQWKHLVODQGRI.DXDµL7KHSURMHFWZLOOXWLOL]HDSDVWRUDOEDVHGURWDWLRQDOJUD]LQJV\VWHP7R
GHPRQVWUDWHWKHVXVWDLQDELOLW\RIWKHGDLU\+')LVFRPPLWWHGWRHVWDEOLVKLQJDKHUGRIFRZV+')
ZLOOFRQWHPSODWHWKHSRVVLELOLW\RIH[SDQGLQJWKHKHUGXSWRFRZV%RWKKHUGVL]HVDUHDQDO\]HGLQ
WKLVUHSRUW7KLVRGRUHYDOXDWLRQUHSRUWSUHVHQWVDQXSGDWHGDQDO\VLVXVHGWRGHWHUPLQHWKHSRWHQWLDO
LPSDFWVRIRGRUVIURPERWKKHUGVL]HVIRUWKHODUJHUFRQWHPSODWHGKHUGVL]HRIWKHSURSRVHGGDLU\IDFLOLW\
DWRIIVLWHUHFHSWRUV7KLVUHSRUWXSGDWHVWKHRGRUVHFWLRQFRQWDLQHGLQWKH$LU(PLVVLRQVDQG2GRU
(YDOXDWLRQ7HFKQLFDO5HSRUWGDWHG0D\



+DZDLL'DLU\)DUPV
5HYLVHG2GRU
(YDOXDWLRQ7HFKQLFDO
5HSRUW

+DZDLL'DLU\)DUPV
5HYLVHG2GRU
(YDOXDWLRQ7HFKQLFDO
5HSRUW
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2GRU(PLVVLRQ6RXUFHV

(IIOXHQW3RQGV
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2GRUVIURPWKHLUULJDWLRQSURFHVVZLOOEHEDVHGRQWKHRGRUVYRODWLOL]LQJIURPHIIOXHQWZDWHUPL[HGZLWK
LUULJDWLRQZDWHU7KLVZDWHUZLOOEHDSSOLHGWKURXJKWZRFHQWHUSLYRWVDQGUHOHDVHGDSSUR[LPDWHO\RQH



(DFKSRQGZDVPRGHOHGLQ$(502'DVDQDUHDVRXUFHZLWKGLPHQVLRQVRIWKHDQWLFLSDWHGGD\
SHULRGRIUDLQDQGHIIOXHQWVWRUDJHHIIOXHQWVXUIDFH2GRUHPLVVLRQUDWHVZHUHWDNHQIURP)HLW]
'DLU\$XVWUDOLD'HFHPEHU ZKLFKPHDVXUHGSRQGVRYHUPRQWKVLQ$XVWUDOLD7KHVHUHVXOWV
ZHUHVHOHFWHGRYHURWKHUGDWDSUHVHQWHGLQ'DLU\$XVWUDOLD  DVLWZDVPHDVXUHGXVLQJDZLQG
WXQQHODSSDUDWXVDVRSSRVHGWRLVRODWLRQIOX[KRRGV$FFRUGLQJWR'DLU\$XVWUDOLDPRVWUHVHDUFKVKRZV
WKDWLVRODWLRQIOX[KRRGVXQGHUSUHGLFWRGRUHPLVVLRQVUHODWLYHWRZLQGWXQQHOV



7KHHIIOXHQWSRQGGHVLJQLQFOXGHVWZRSRQGVDVHWWOLQJSRQGDQGVWRUDJHSRQG7KHVHWWOLQJSRQGDOORZV
IRUWKHVHWWOHPHQWDQGDFFXPXODWLRQRIVROLGVZLWKWKHRYHUIORZRIOLTXLGHIIOXHQWHQWHULQJWKHVWRUDJH
SRQG7KHHIIOXHQWSRQGVDUHRSHQWRWKHDWPRVSKHUH7KHWRSRIWKHVHWWOLQJSRQGLVIHHWE\IHHW
ZLWKDWRWDOGHSWKRIIHHWZLWKVLGHVORSHVQRWVWHHSHUWKDQKRUL]RQWDOWRYHUWLFDO(IIOXHQWIURPWKH
VHWWOLQJSRQGRYHUIORZVWKURXJKRYHUIORZSLSHVDQGLQWRWKHVWRUDJHSRQG7KHWRSRIWKHVWRUDJHSRQGLV
IHHWE\IHHWZLWKDWRWDOGHSWKRIIHHW+RZHYHULWLVQRWOLNHO\WKHHIIOXHQWVZRXOGUHDFKWKHWRS
RIWKHSRQGVDVLWLVGHVLJQHGIRUD\HDUIORRGOHYHO%DVHGRQDQRUPDOGD\SHULRGRIUDLQDQG
HIIOXHQWVWRUDJHWKHVHWWOLQJSRQGZRXOGEHIHHWGHHSDQGWKHVWRUDJHSRQGZRXOGEHDSSUR[LPDWHO\
GHHS7KHFRUUHVSRQGLQJZLGWKVDQGOHQJWKVDUHIHHWE\IHHWDQGIHHWE\IHHWIRU
WKHVHWWOLQJSRQGDQGVWRUDJHSRQGUHVSHFWLYHO\7KHHIIOXHQWSRQGVZHUHPRGHOHGDWJURXQGOHYHO



2GRUUHIHUVWRWKHFRPELQHGHIIHFWRIDPL[WXUHRIJDVHVRQWKHVHQVHRIVPHOO)RUOLYHVWRFNVRXUFHVLW
PD\FRQWDLQKXQGUHGVRIWUDFHFRPSRXQGVLQFOXGLQJDPPRQLD 1+ DQGK\GURJHQVXOILGH +6 ,QVWHDG
RIPHDVXULQJWKHLQGLYLGXDOFRPSRQHQWVRIDQRGRUDVLVGRQHLQVWDQGDUGDLUFRQFHQWUDWLRQPRGHOLQJ
RGRUFRQFHQWUDWLRQLVUHSRUWHGLQRGRUXQLWVSHUFXELFPHWHU 28P DQGRGRUHPLVVLRQVDUHUHSRUWHGLQ
XQLWVRIRGRUXQLWVSHUVHFRQG28V IRUSRLQWVRXUFHV DQGRGRUXQLWVSHUVHFRQGSHUVTXDUHPHWHU
28VP IRUDUHDVRXUFHV $QRGRUFRQFHQWUDWLRQRI28PLVGHILQHGDVWKHWKUHVKROGZKHUHWKHRGRU
RIDVDPSOHKDVDSHUFHQWSUREDELOLW\RIEHLQJSHUFHLYHGE\DWUDLQHGRGRUVSHFLDOLVW

2GRUHPLVVLRQVDUHJHQHUDWHGGXULQJLQFRPSOHWHDQDHURELFGHFRPSRVLWLRQRIRUJDQLFPDWWHULQPDQXUH
3RWHQWLDOVRXUFHVDWWKHIDFLOLW\ZRXOGLQFOXGHWKHHIIOXHQWSRQGVWKHLUULJDWLRQV\VWHPZKLFKXWLOL]HV
HIIOXHQWPDQXUHIURPSDVWXUHILHOGVDQGWKHGDLU\EXLOGLQJV7KHVHVRXUFHVDUHGHVFULEHGLQGHWDLOLQWKH
VHFWLRQVEHORZ



3DVWXUH



7KHóFLUFOHQRWUHDFKHGE\LUULJDWLRQSLYRWZLOOUHFHLYHZDWHUWKURXJKDKDUGKRVHJXQLUULJDWLRQV\VWHP
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2GRUHPLVVLRQUDWHVZHUHEDVHGRQWKH-DFREVRQHWDOVWXG\IRUWKHRSHQORWYDOXHXVHGLQWKH
2))6(7PRGHOZKLFKHYDOXDWHVRGRUIURPIHHGORWVHWEDFNV+RZHYHUWKHXVHRIWKHRSHQORWYDOXHLQ
-DFREVRQHWDOGRHVQRWDFFRXQWIRUWKHGLHWDQGVXEVHTXHQWIHFHVXULQHUDWLRWKDWZRXOGEHIRXQG
LQFRZVIRUWKLVSURMHFW1RUGRHVWKLVDSSURDFKDFFRXQWIRUWKHIDFWWKDWDQRSHQORWLVDFRPSDFWHGGLUW
RUFRQFUHWH DUHDDVRSSRVHGWRWKH.LNX\XWKDWFKWKDWZKHUHPDQXUHLVLQFRUSRUDWHGLQWRZKDWLV
HIIHFWLYHO\DQRUJDQLFQHW7KHUHIRUHWKHRGRUHPLVVLRQVLQ-DFREVRQHWDOZDVDGMXVWHGE\WKHUDWLR
RIWKHHVWLPDWHGRGRUIRUDKLJKFRQFHQWUDWH +& DQGFRUQVLODJHGLHWDQGORZFRQFHQWUDWH /& DQG
FRUQVLODJH W\SLFDOGDLU\FRZV REVHUYHGLQWKH7RSSHUHWDO  VWXG\$OWKRXJKWKH+&GLHW
GRHVQRWQHFHVVDULO\FRLQFLGHZLWKWKHSURMHFW SDVWXUHIHGFRZVZHUHQRWHYDOXDWHGLQ7RSSHUHWDO
 WKH+&VLODJHUHVXOWHGLQWKHKLJKHVWSHUFHQWDJHRIXULQHLQWKHPDQXUHZKLFKLVFRQVLVWHQW
ZLWKWKHFRPSRVLWLRQRIWKHDQWLFLSDWHGPDQXUH,QDGGLWLRQWKHLPSDFWRIWKH.LNX\XWKDWFKDQGORRVH

7KHFRZVZLOOEHPDLQWDLQHGLQVL[PREVRIDQLPDOV$WWKHFRPPLWWHGKHUGVL]HRIFRZVPREVZLOO
FRQWDLQXSWRDQLPDOVDQGIRUWKHFRQWHPSODWHGKHUGVL]HRIXSWRFRZVPREVZLOOFRQWDLQXS
WRDQLPDOV7KHFRZVJUD]HIRURQHGD\SHUSDGGRFNDQGZLOOSURGXFHWKHPDMRULW\RIWKHPDQXUHLQ
WKDWRQHSDGGRFNDVWKH\JUD]H(DFKPREZLOOJUD]HLQVHSDUDWHSDGGRFNVRIWRDFUHVDQG
DGMDFHQWWRSDGGRFNVZLWKRWKHUPREV3DGGRFNEORFNVWKDWZRXOGEHRFFXSLHGRQDJLYHQGD\ZHUH
VHOHFWHGEDVHGRQDW\SLFDOVFHQDULRDQGZHUHPRGHOHGDVDQDUHDVRXUFH



7KHRGRUHPLVVLRQVDVVRFLDWHGZLWKWKHHIIOXHQWSRQGVZHUHUHGXFHGE\DIDFWRUSURSRUWLRQDOWRGLOXWLRQ
RIWKHHIIOXHQWIRULUULJDWLRQ7KHGLOXWHGHIIOXHQWZLOOEHTXLFNO\DEVRUEHGLQWRWKHJURXQGDQGWKHRGRUZLOO
EHVKRUWOLYHG7KHUHIRUHWKHDUHDFRYHUHGLQDQKRXU RIDFRPSOHWHURWDWLRQ ZDVPRGHOHGDVDQ
DUHDHPLVVLRQVRXUFH$VDFRQVHUYDWLYHVFHQDULRWKHVHFWLRQFORVHVWWRWKHVRXWKHUQERXQGDU\ZDV
XVHGLQWKLVHYDOXDWLRQ

PHWHUIURPWKHJURXQGVXUIDFH,UULJDWLRQSLYRWZLOOEHDIXOOFLUFOHSLYRWDQGLUULJDWLRQSLYRWZLOOEHD
ôFLUFOHSLYRW%HIRUHDSSOLFDWLRQWKHHIIOXHQWZDWHUZLOOEHGLOXWHGZLWKLUULJDWLRQZDWHU7KHHIIOXHQW
FRQFHQWUDWLRQZLOOEHIRUWKHFRPPLWWHGKHUGVL]HDQGIRUWKHFRQWHPSODWHGKHUGVL]H,QW\SLFDO
\HDUVWKHVHFRQFHQWUDWLRQVZLOOUHPDLQUHODWLYHO\FRQVLVWHQWWKURXJKRXWWKH\HDU+RZHYHUGXULQJ\HDUV
ZKHUHWKHZLQWHUVHDVRQLVXQXVXDOO\ZHWOHVVZDWHUZLOOEHDGGHGWRWKHHIIOXHQWSULRUWRDSSOLFDWLRQDQG
WKXVWKHHIIOXHQWZLOOEHLQDKLJKHUFRQFHQWUDWLRQLQWKHLUULJDWLRQZDWHU)RUWKHVHZLQWHUVHDVRQVWKH
HIIOXHQWFRQFHQWUDWLRQFRXOGEHXSWRIRUERWKWKHFRPPLWWHGDQGFRQWHPSODWHGKHUGVL]H7\SLFDOO\
RQO\RQHSLYRWZLOOEHDSSO\LQJHIIOXHQWDWDQ\JLYHQWLPH7KHSLYRWVFDQFRPSOHWHDIXOOURWDWLRQHYHU\
KRXUV

.DXDL'DLU\

.DXDL'DLU\

GRZQZDVKPLVVLQJGDWDURXWLQHVDQGFDOPZLQGSURFHVVLQJ,QDGGLWLRQUXUDOERXQGDU\OD\HUHIIHFWV
ZHUHLQFRUSRUDWHGLQWRWKHPRGHO

+DZDLL'DLU\)DUPV
5HYLVHG2GRU
(YDOXDWLRQ7HFKQLFDO
5HSRUW

+DZDLL'DLU\)DUPV
5HYLVHG2GRU
(YDOXDWLRQ7HFKQLFDO
5HSRUW

0DKDµXOHSX+DZDLL

0DKDµXOHSX+DZDLL

6OXUU\

'DLU\)DFLOLW\
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%DVHGRQWKHPHWHRURORJLFDOGDWDXVHGWKHOLPLWVRIWKHGDLO\ZLQGVSHHGVZLOOUHGXFHWKHQXPEHURIGD\VRISRWHQWLDO
DSSOLFDWLRQWRGD\VLQD\HDU







7KHGDLU\IDFLOLW\LVFRQWDLQHGZLWKLQDQDSSUR[LPDWHO\DFUHDUHDLQ)LHOG7KHFRUUHVSRQGLQJEXLOGLQJ
DUHDVDUHXQGHURIWKHWRWDOIDUPDUHD7KHGDLU\EXLOGLQJVLQFOXGHWKHPLONLQJSDUORUDQLPSOHPHQW



7KHRGRUHPLVVLRQVDVVRFLDWHGZLWKWKHVOXUU\ZHUHEDVHGRQWKH3DLQHWDOVWXG\IRUVHSDUDWHG
VOXUU\ FRQVLVWHQWZLWKWKHGU\PDWWHUFRQWHQW 7KH3DLQHWDOVWXG\LQGLFDWHGWKDWRGRUVPD\
UHPDLQSDVWWKHILUVWKRXUDIWHUDSSOLFDWLRQDQGYDU\E\WLPHZLWKPHDVXUHPHQWVDWDSSOLFDWLRQWZRKRXUV
DIWHUDSSOLFDWLRQILYHKRXUVDIWHUDSSOLFDWLRQVHYHQKRXUVDIWHUDSSOLFDWLRQDQGKRXUVDIWHU
DSSOLFDWLRQ7KHHPLVVLRQVIRUHDFKKRXUZDVH[WUDSRODWHGIURPWKHVHPHDVXUHPHQWVDQGUHGXFHGE\D
IDFWRURIWZRWRDFFRXQWIRUWKHGLOXWLRQRIWKHVOXUU\EHIRUHDSSOLFDWLRQ,QDGGLWLRQDQDGMXVWPHQWIRUWKH
GLHWVLPLODUWRWKHPDQXUHRGRUVZDVPDGH$VDFRQVHUYDWLYHHVWLPDWHWKHDUHDVFORVHVWWRWKH
VRXWKHUQERXQGDU\DQGDGMDFHQWWRRFFXSLHGSDGGRFNVZHUHXVHGLQWKLVHYDOXDWLRQ

7KHVOXUU\DSSOLFDWLRQZLOOQRWRFFXULQSDGGRFNVZKHQRFFXSLHGE\FRZV7KHSODQQHGORFDWLRQRIWKH
DSSOLFDWLRQLVDQWLFLSDWHGWREHRQWKHHDVWSRUWLRQRIWKHVLWHEHWZHHQWKHDUHDWKDWLVFRYHUHGE\WKH
LUULJDWLRQWZRFHQWHUSLYRWVIRUWKHFRPPLWWHGKHUGVL]HRIFRZV)RUWKHFRQWHPSODWHGKHUGVL]HRI
XSWRFRZVVOXUU\ZLOOEHDSSOLHGWRQRQLUULJDWHGSDGGRFNVDQGWKRVHLUULJDWHGZLWKRXWWKH
DGGLWLRQRIHIIOXHQW$SSOLFDWLRQRIWKHVOXUU\ZLOOEHSHULRGLF DWOHDVWHYHU\GD\V DQGZLOOQRWRFFXU
XQGHUWKHIROORZLQJFRQGLWLRQV 6OXUU\DSSOLFDWLRQZLOOQRWFRLQFLGHZLWKHIIOXHQWDSSOLFDWLRQYLDWKH
FHQWHUSLYRWDQG 6OXUU\ZLOOQRWEHDSSOLHGGXULQJGD\VZLWKDYHUDJHZLQGVSHHGVOHVVWKDQPVRU
JUHDWHUWKDQPV

6ROLGVFROOHFWHGIURPWKHVHWWOLQJSRQGZLOOEHDSSOLHGRQGHVLJQDWHGDUHDVWKURXJKD³JXQW\SH´
DSSOLFDWLRQV\VWHPWRDUHDVRXWVLGHWKHOLTXLGHIIOXHQWDSSOLFDWLRQ7KHVOXUU\FRQVLVWVRIWKUHH
FRPSRQHQWV OLTXLGHIIOXHQW VHWWOHGVROLGVIURPWKHOLTXLGHIIOXHQWDQG LUULJDWLRQFROOHFWHGUDLQ
ZDWHU7KHVROLGVZLOOEHPL[HGZLWKLUULJDWLRQDQGRUFROOHFWHGUDLQZDWHUDWDUDWLRWRFUHDWHWKHVOXUU\
ZKLFKFDQWKHQEHSXPSHGWRWKHK\GUDQWVUHVXOWLQJLQDGU\PDWWHUSHUFHQWDJHRIDSSUR[LPDWHO\7KH
VOXUU\ZLOOEHSXPSHGWKURXJKXQGHUJURXQGSLSHVWRK\GUDQWVZKLFKKDYHD³JXQVSULQNOHU´7KHVOXUU\
JXQVZLOOKDYHDQDSSOLFDWLRQUDWHRIDSSUR[LPDWHO\JDOORQVSHUPLQXWHRYHUDIRRWVSUD\OHQJWKDW
DUDWHRIPLQXWHVSHUIRRW$SSUR[LPDWHO\VTXDUHIHHWZLOOEHFRYHUHGZLWKVOXUU\LQDQKRXU
DQGDSSOLFDWLRQZLOORFFXUIRUXSWRKRXUVDGD\DQGZLOOFRYHUDSSUR[LPDWHO\VTXDUHIHHW 
DFUHV LQRQHGD\



$UHD IW 



















7KUHVKROGV
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7KHGHYHORSPHQWRIDWDUJHWRGRUFULWHULDLVFRPSOLFDWHGE\WKHGLIILFXOWLHVLQRGRUVDPSOLQJDQG
PHDVXUHPHQWFRPELQHGZLWKDODFNRIVXLWDEOHGDWDRQRGRUOHYHOVDVVRFLDWHGZLWKDQQR\DQFHDQG
FRPSODLQW0DKLQ  SUHVHQWHGUHJXODWRU\RIIVLWHOLPLWVEDVHGRQOHYHOVSUHGLFWHGE\GLVSHUVLRQ
PRGHOLQJLQWKH86UDQJHIURP28PWR28PIRUDYDULHW\RIDYHUDJLQJWLPHV





1RWHV 
)RUW\SLFDOSUHFLSLWDWLRQFRQGLWLRQVWKHGLOXWLRQLVDQWLFLSDWHGWREHIRUWKHKHUGVFHQDULRDQGIRUWKH
KHUGVFHQDULR'XULQJWKHVHSHULRGVHIIOXHQWZLOORQO\EHGLOXWHGDWDSSUR[LPDWHO\DWPD[LPXP

/RFDWLRQ

7DEOH

+DZDLL'DLU\)DUPV2GRU0RGHOLQJ3DUDPHWHUV
(PLVVLRQ)OX[
6RXUFH
28VP 
6HWWOLQJ3RQG

(IIOXHQW3RQGV
6WRUDJH3RQG

(IIOXHQW ±ZHW\HDUVZLQWHU

,UULJDWLRQ
(IIOXHQW &RPPLWWHG

(IIOXHQW &RQWHPSODWHG

&RPPLWWHG+HUG

3DVWXUH
&RQWHPSODWHG+HUG

$SSOLFDWLRQKRXU

$SSOLFDWLRQKRXU

$SSOLFDWLRQKRXU

$SSOLFDWLRQKRXU

6OXUU\$SSOLFDWLRQ
$SSOLFDWLRQKRXU

$SSOLFDWLRQKRXU

$SSOLFDWLRQKRXU

$SSOLFDWLRQKRXU

%D\&DOI6KHG

%D\&DOI6KHG

'DLU\)DFLOLW\
0LONLQJ3DUORU




7DEOHVXPPDUL]HVWKHHPLVVLRQIOX[HVXVHGLQWKHHYDOXDWLRQDQGWKHDUHDRIWKHHPLVVLRQVRXUFH7KH
HPLVVLRQIOX[HVWLPDWHVDUHGHWDLOHGLQ$SSHQGL[$$VDFRQVHUYDWLYHHVWLPDWHWKHHYDOXDWLRQFRQVLGHUV
WKHHPLVVLRQVRXUFHVDWWKHLUPRVWLPSDFWIXOORFDWLRQVHYHQWKRXJKVRPHRIWKHVRXUFHVDUHWHPSRUDU\
LHLUULJDWLRQDQGVOXUU\DSSOLFDWLRQ 

VKHGDQGFDOIVKHGV7KHPLONLQJSDUORUFRQWDLQVDQDXWRPDWHGVWDOOURWDU\ZKLFKLVDSSUR[LPDWHO\
IHHWE\IHHWE\IHHWWDOO7ZRRSHQED\FDOIVKHGVZLOOEHFRQVWUXFWHGWRSURYLGHVDIHKRXVLQJ
WRQHZO\ERUQFDOYHV(DFKVKHGZLOOEHDSSUR[LPDWHO\IHHWE\IHHWE\IHHWWDOO7KHIHHGLQJDUHD
ZLOOEHZDVKHGGDLO\DQGWKHZDVWHZDWHUWUDQVIHUUHGWRWKHHIIOXHQWSRQGV'DLU\IDFLOLW\RGRUHPLVVLRQV
ZHUHPRGHOHGDVDUHDVRXUFHVZLWKGLPHQVLRQVRIWKHEXLOGLQJIRRWSULQW(PLVVLRQUDWHVFRQVLVWHQWZLWK
IUHHVWDOOGDLU\EXLOGLQJVIURP-DFREVRQHWDO  ZHUHXVHG

.DXDL'DLU\

.DXDL'DLU\

VRLOLVDFFRXQWHGIRUE\XVLQJDFRQWUROHIILFLHQF\YDOXHFRQVLVWHQWZLWKDQ´VWUDZRUQDWXUDOFUXVWLQWKH
2))6(7PRGHO

+DZDLL'DLU\)DUPV
5HYLVHG2GRU
(YDOXDWLRQ7HFKQLFDO
5HSRUW

+DZDLL'DLU\)DUPV
5HYLVHG2GRU
(YDOXDWLRQ7HFKQLFDO
5HSRUW

$SSOLHGDIWHUDWOHDVWFRPSODLQWV
ZLWKLQGD\V



PLQXWHVRUOHVV

PLQXWH
PLQXWH
PLQXWH
PLQXWH

28P 6FHQWRPHWHU 
28P
28P 
28P 
28P 6FHQWRPHWHU 
WR28P
28P
28P
28P

PLQXWH

5HVXOWV
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2GRULVRSOHWKVZHUHFUHDWHGXVLQJWKHUHVXOWVRI$(502'PRGHOLQJ7KHRGRUPRGHOLQJDQDO\VLVDQG
LVRSOHWKVLQGLFDWHWKDWWKHWKSHUFHQWLOHRI28PRGRUWKUHVKROGH[WHQGEH\RQGWKHGDLU\IDUP
ERXQGDU\KRZHYHULWGRHVQRWUHDFKUHFUHDWLRQDOQRUUHVLGHQWLDODUHDV$VGLVFXVVHGDERYHVOXUU\
DSSOLFDWLRQDQGHIIOXHQWDSSOLFDWLRQZRXOGQRWRFFXURQWKHVDPHGD\7KHUHIRUHVHSDUDWHILJXUHV
VKRZLQJWKHH[WHQWRIWKHSRWHQWLDORGRULPSDFWVZHUHSUHSDUHGIRUWKHVOXUU\DSSOLFDWLRQDQGHIIOXHQW
DSSOLFDWLRQLQ)LJXUHVDQGIRUWKHFRPPLWWHGKHUGVL]HDQG)LJXUHVDQGIRUWKHFRQWHPSODWHGKHUG




0DQ\RIWKHVHYDOXHVDUHIRUZDVWHZDWHUWUHDWPHQWSODQWRUFRPSRVWLQJIDFLOLWLHVEXWQRQHRIWKH
UHJXODWRU\VWDQGDUGVDUHVSHFLILFWRGDLU\IDUPV+RZHYHUDQ$XVWUDOLDQVWXG\E\:DQJDQG)HLW]  
VXJJHVWHG28PKRXUDYHUDJLQJDQGWKSHUFHQWLOHDWUHFHSWRUDVDSSURSULDWHFULWHULDIRUWKH
DVVHVVPHQWRIGDLU\IDUPRGRUV%DVHGRQWKHVRXUFHRIWKHRGRUWKLVRGRUWKUHVKROGZDVVHOHFWHGIRU
WKLVDQDO\VLV7KHVHFULWHULDUHSUHVHQWWKHH[WHQWRIWKH28POHYHOWKDWKDVWKHSRWHQWLDOWREH
UHDFKHGRIWKHWLPH ± 8VLQJKRXUO\PHWHRURORJLFDOGDWDZRXOGEHHTXLYDOHQW
WRDUHVXOWH[FHHGLQJ28PRQFHSHUKRXUVHYDOXDWHG,IWKHHPLVVLRQVRXUFHFRXOGEHRSHUDWHG
DQ\WLPHWKURXJKRXWWKH\HDUWKLVZRXOGHTXDWHWRKRXUVSHU\HDU+RZHYHUIRUHPLVVLRQVRXUFHV
VXFKDVWKHVOXUU\DSSOLFDWLRQZKHUHDSSOLFDWLRQ DQGWKHUHIRUHRGRUHPLVVLRQV ZRXOGEHOLPLWHGWR
GD\VRIWKH\HDU EDVHGRQGDLO\ZLQGVSHHGV WKLVZRXOGHTXDWHWRKRXUVSHU\HDU,QRWKHUZRUGV
WKHUHLVDFKDQFHWKDWWKHRGRUWKUHVKROGRI28PLVOHVVWKDQWKHH[WHQWVKRZQDQGRQO\
FKDQFHLWZLOOEHDWRUEH\RQGWKHH[WHQWVKRZQ
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VL]HUHVSHFWLYHO\,WVKRXOGEHQRWHGWKDWWKHSDUDPHWHUVXVHGLQWKLVDQDO\VLVZHUHLQWHQWLRQDOO\YHU\
FRQVHUYDWLYHDQGWKHLPSDFWVVKRZQGHSHQGRQDQXQOLNHO\FRQIOXHQFHRIPRVWLPSDFWIXOHPLVVLRQ
VRXUFHORFDWLRQVWKXVDFWXDORIIVLWHRGRULPSDFWVDUHOLNHO\WREHPXFKORZHUDQGRUOHVVIUHTXHQWWKDQ
VKRZQ



0DKDµXOHSX+DZDLL

0DKDµXOHSX+DZDLL

$YHUDJLQJWLPHV

.DXDL'DLU\

.DXDL'DLU\

28P

1RWHV
GUDIWSROLF\DQGJXLGDQFHIRUFRPSRVWLQJIDFLOLWLHV
IRUELRVROLGVVOXGJHKDQGOLQJDQGWUHDWPHQWIDFLOLWLHV

6WDWHRI&RORUDGR
6WDWHRI&RQQHFWLFXW
6WDWHRI0DVVDFKXVHWWV
6WDWHRI1HZ-HUVH\
6WDWHRI1RUWK'DNRWD
6WDWHRI2UHJRQ
&LW\RI2DNODQG&$
&LW\RI6DQ'LHJR::73
&LW\RI6HDWWOH::73

6DQ)UDQFLVFR%D\$UHD$LU4XDOLW\
'LVWULFW

/RFDWLRQ

5HJXODWRU\2GRU7KUHVKROGV
2IIVLWHVWDQGDUGRU
JXLGHOLQH
$OOHJKHQ\&RXQW\:DVWHZDWHU7UHDWPHQW 28P GHVLJQJRDO 
3ODQW ::73 

7DEOH

+DZDLL'DLU\)DUPV
5HYLVHG2GRU
(YDOXDWLRQ7HFKQLFDO
5HSRUW

+DZDLL'DLU\)DUPV
5HYLVHG2GRU
(YDOXDWLRQ7HFKQLFDO
5HSRUW

5HIHUHQFHV
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:DQJ;DQG$-)HLW]2GRULPSDFWFULWHULDIRU$XVWUDOLDQGDLU\IDUPV(QYLUR6\GQH\16:
0DUFK

7RSSHU3DWULFN$5RELQ%UDQGW$$GYLHQWR%RUEH*-/DVFDQR$-+HLQULFKV():KHHOHU
2GRU(YDOXDWLRQDQG*DV(PLVVLRQIURP0DQXUHRI'DLU\+HLIHUV)HG+LJK/RZ±)RUDJH4XDOLW\DQG
+LJK/RZ&RQFHQWUDWH'LHWV$6$%(0HHWLQJ3UHVHQWDWLRQ-XQH-XO\



3DLQ%)5HHV<-/RFN\HU'52GRXUDQG$PPRQLD(PLVVLRQ)ROORZLQJWKH$SSOLFDWLRQRI
3LJRU&DWWOH6OXUU\WR/DQG9RODWLOH(PLVVLRQV)URP/LYHVWRFN)DUPLQJDQG6HZDJH2SHUDWLRQV(GLWHG
E\9&1LHOVHQ-+9RRUEXUJDQG3//¶+HUPLWHSS

0DKLQ70HDVXUHPHQWDQGUHJXODWLRQRIRGRUVLQWKH86$2GRU0HDVXUHPHQW5HYLHZ-DSDQ
0LQLVWU\RIWKH(QYLURQPHQW3S

-DFREVRQ/'6FKPLGW6:RRG2))6(72GRUIURPIHHGORWVVHWEDFNHVWLPDWLRQWRRO
8QLYHUVLW\RI0LQQHVRWD3XEOLFDWLRQ)&

Dairy Australia(IIOXHQWDQG0DQXUH0DQDJHPHQW'DWDEDVHIRUWKH$XVWUDOLDQ'DLU\,QGXVWU\
'HFHPEHU



0DKDµXOHSX+DZDLL

.DXDL'DLU\

+DZDLL'DLU\)DUPV
5HYLVHG2GRU
(YDOXDWLRQ7HFKQLFDO
5HSRUW





)LJXUHV

miles
km
2

Site Location Map

DATE:

5/23/2015
4.64 m/s

AERMOD Wind Input

Group 70 International, Inc. (Kauai Dairy)

PROJECT NO.:

2

8760 hrs.
AVG. WIND SPEED:

FIGURE

TOTAL COUNT:

0.98%

MODELER:

COMPANY NAME:

CALM WINDS:

Start Date: 1/1/2014 - 00:00
End Date: 12/31/2014 - 23:00

DATA PERIOD:

Calms: 0.98%

0.50 - 2.10

2.10 - 3.60

3.60 - 5.70

5.70 - 8.80

8.80 - 11.10

>= 11.10

WIND SPEED
(m/s)

1

WRPLOT View - Lakes Environmental Software

COMMENTS:

SOUTH
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FIGURE

Group 70 International, Inc. (Kauai Dairy)

1

WEST
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16%
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Wind Speed
Flow Vector (blowing to)

MM5 2014 Met data
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DISPLAY:
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FIGURE
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FIGURE
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Modeled Odor Sources

3

Group 70 International, Inc. (Kauai Dairy)

miles
km

Extent of 6.5 OU/m3 at 99.5th Percentile for Slurry
Application– Committed Herd Size

2

Group 70 International, Inc. (Kauai Dairy)

1
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FIGURE
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FIGURE

5

Application– Committed Herd Size

3

Group 70 International, Inc. (Kauai Dairy)

miles
km

Extent of 6.5 OU/m3 at 99.5th Percentile for Slurry
Application– Contemplated Herd Size
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Group 70 International, Inc. (Kauai Dairy)

2

8FU1FSJPE"QQMJDBUJPO
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FIGURE

Application– Contemplated Herd Size

Group 70 International, Inc. (Kauai Dairy)

2
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(PLVVLRQ)OX[HV)URP6OXGJH$SSOLFDWLRQ
+DZDLL'DLU\)DUPV

0HDVXUHPHQW
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'LHW

$GMXVWHG
(PLVVLRQ)OX[

'LOXWLRQ





$GMXVWPHQW





28PV





(PLVVLRQ)OX[
28VP









1RWHV
9DOXHVWDNHQIURP3DLQ)LJXUH
6OXUU\ZLOOEHGLOXWHGSULRUWRDSSOLFDWLRQDWDUDWLRDWPLQLPXP
$GMXVWPHQWWRDFFRXQWWKHGLIIHUHQFHLQGLHWIRUWKHSURMHFWFRZVDQGW\SLFDOGDLU\FRZVEDVHGRQ
WKH7RSSHUHWDOVWXG\

6RXUFH
6HWWOLQJ3RQG
6WRUDJH3RQG
3LYRWLUULJDWLRQZLQWHU ZHW
3LYRWLUULJDWLRQ&RPPLWWHG
3LYRWLUULJDWLRQ&RQWHPSODWHG
*XQLUULJDWLRQ
3DVWXUH&RPPLWWHG
3DVWXUH&RQWHPSODWHG
6OXGJHVWKRXU
6OXGJHQGKRXU
6OXGJHUGKRXU
6OXGJHWKKRXU
6OXGJHWKKRXU
6OXGJHWKKRXU
6OXGJHWKKRXU
6OXGJHWKKRXU
%D\&DOI6KHGV
0LONLQJ3DUORU

7$%/($
(PLVVLRQ)OX[HV8VHGLQ2GRU(YDOXDWLRQ
+DZDLL'DLU\)DUPV
2GRU(PLVVLRQ)OX[
28PV
6RXUFH

)HLW]

)HLW]

6WRUDJHSRQGHIIOXHQWGLOXWHGE\DIDFWRURI

6WRUDJHSRQGHIIOXHQWGLOXWHGE\DIDFWRURI

6WRUDJHSRQGHIIOXHQWGLOXWHGE\DIDFWRURI

1RHIIOXHQWZDWHUDSSOLHGWRWKHDUHD
'HULYHGIURP-DFREVRQet al 

'HULYHGIURP-DFREVRQet al 


'HULYHGIURP3DLQ

'HULYHGIURP3DLQ

'HULYHGIURP3DLQ

'HULYHGIURP3DLQ

'HULYHGIURP3DLQ

'HULYHGIURP3DLQ

'HULYHGIURP3DLQ

'HULYHGIURP3DLQ
-DFREVRQet al 

-DFREVRQet al 


7$%/($
(PLVVLRQ)OX[HV)URP3DVWXUH 0DQXUH
+DZDLL'DLU\)DUPV
5HSRUWHG
(PLVVLRQ
6FHQDULR
&RPPLWWHG+HUG6L]H
&RQWHPSODWHG+HUG6L]H

)OX[
28PV



+HUG6L]H'HQVLW\
VTXDUHIHHWKHDG
5HSRUWHG
3URMHFW





+HUG6L]H

'LHW

$GMXVWPHQW



$GMXVWPHQW



*URXQG
&RYHU

$GMXVWHG
(PLVVLRQ)OX[
28PV
$GMXVWPHQW





1RWHV
9DOXHVWDNHQIURP-DFREVRQHWDOIRURSHQORWVRXUFH
$GMXVWPHQWIRUWKHVL]HRIKHUG-DFREVRQHWDOUHSRUWHGDKHUGVL]HGHQVLW\RIVTXDUHIHHWSHUKHDG
$GMXVWPHQWWRDFFRXQWWKHGLIIHUHQFHLQGLHWIRUWKHSURMHFWFRZVDQGW\SLFDOGDLU\FRZVEDVHGRQWKH7RSSHUHWDOVWXG\
$QRGRUUHGXFWLRQRIDFFRXQWVIRUWKHORRVHVRLODQGJUDVVSUHVHQWZLWKLQWKHSDGGRFNVZKLFKLVFRQVLVWHQWZLWKVWUDZFRYHU 
LQFKHV LQWKH-DFREVRQHWDOVWXG\

C-C
REVIEW AND RESPONSE TO PACIFIC ANALYTICS JULY 2016
COMMENTS ON THE ARTHROPOD-RELATED SECTION
OF THE HAWAII DAIRY FARMS
DRAFT ENVIRONMENTAL IMPACT STATEMENT

November 6, 2016

1

On South Kaua’i, M h ’ulep Cattle Co. herd is an adjacent area where more than 100 cattle are
currently present. Other upwind ranches at K p (with more than 1,000 cattle) and K p Kai
raise the count of existing beef cattle herds within 5 miles to more than 1,100. If dispersal of

The range a fly can travel is not the range a fly will travel. More realistic than any theoretical
calculations of fly reproduction are modern animal/fly experiences in the Islands. Parker Ranch
has been upwind of the Mauna Kea Beach Hotel and 2 other coastal Kohala Resorts sited from
Puak to Waikoloa since they were built decades ago, and the lack of dung fly complaints
arising from Parker Ranch is solid evidence that cattle flies overwhelmingly remain very close
to livestock habitats. This is largely because Integrated Pest Management and biological and
natural controls have been effective in suppressing fly populations. Here is a prime natural
control long in operation: Elmo Hardy in 1981 cited the ubiquitous bigheaded ant’s predation
on fly eggs and larvae as a major check on numbers.

Dispersal of flies –

Pacific Analytics based their conclusions on theoretical information, rather than an on-site
evaluation of the site. Dr. Montgomery conducted fieldwork on site and in adjacent property.
Ms. Manning conducted archival research with resources at Bishop Museum, University of
Hawai’i, and other repositories with applicable collections.

Pest Flies

Dr. Steven L. Montgomery has 48 years of field experience in Hawai’i environments from
mountaintops to lava tubes. He has conducted numerous biological surveys on all islands. Dr.
Montgomery has discovered 30+ Hawaiian insects and rediscovered ‘lost’ species of insects, snails,
and plants. He served 8 years as a Natural Area Reserves System Commissioner, 4 years as a Land
Use Commissioner, and as a board member on several citizen conservation groups. Ms. Manning
served 26 years at Bishop Museum in collections care / documentation and helping to start the
trend to share data across repositories.

Dear Mr. Overton:

Subject: Review and response to Pacific Analytics July 2016 comments on the arthropod-related
section of the Hawaii Dairy Farms Draft Environmental Impact Statement

Mr. Jeffrey H. Overton
925 Bethel Street, Fifth Floor
Honolulu, Hawaii 96813

Killer Caterpillar (Eupithecia new species #8)

808-676-4974 Fax 808-677-3721 email: manning001@hawaii.rr.com

Steven L. Montgomery, Ph. D. and Anita Manning
94-610 Palai Street
Waipahu, Hawai'i 96797-4535 USA
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It is important to note that not all nonnative species are considered invasive, only those
that cause environmental or economic harm, or harm to human health or native species –
characterized as harmful and troubling. Dung beetles do not fall into these categories, and
with few exceptions were purposefully introduced to benefit public health and the livestock
industry by reducing manure-related pests.

“The rapid removal and processing of dung by dung beetles can result in many benefits
including:
Improved soil health and reduced runoff. Beetle tunneling leads to increased aeration of the
soil allowing water to penetrate better. Tunneling and dung burial also result in increased
grass root growth and biological activity in soils under and adjacent to dung pats. Dung
beetle activity therefore leads to reduced run-off of rainfall and better retention of dung and
urine in the soil. This in turn results in reduced microbial contamination in run-off, less
leachate pollution and reduced eutrophication. ” [http://dungbeetle.org.nz/benefits/]

New Zealand has a long history of dung beetles usage:

An Integrated Pest Management Plan is a composite of complementary parts. It is not
rational to pull out individual components, suggest failure of one at one time, and then
conclude the whole system will fail. IPM works because each component reduces a part of
the problem. They work together, with one unit working to pick up when or where another
is not present.

Integrated pest management

The dung does not need to be entirely consumed or buried, but tunneled, dried and
variously disrupted as an intact, moist breeding site for the pest species. The beetles are one
part of Integrated Pest Management, as are the other actors mentioned, such as birds
scratching apart the pats and eating the pest larvae. The various species work at different
times of day / year, parts of the pest cycle, etc.

www.noble.org/ag/pasture/dungbeetles

Several papers are cited throughout EIS Appendix B, relating to dung beetles. Dung beetles
are well known biological control agents for horn flies and intestinal parasites. According to
Dr. Truman Fincher, Entomologist, Texas A&M University, Horn flies and internal parasites
complete their life cycle in dung pats. Dung beetles, in high populations, will bury dung pats
four to six inches in one to three days as cited in Appendix B, page 31.

Dung Beetles

Watering troughs will contain water for the period of 12 to 24 hours when cows occupy the
paddocks. HDF personnel will fill troughs just before the herd enters the paddock(s) for the
grazing period; troughs will be emptied after the cows are moved to another paddock. Thus,
troughs will be managed to prevent mosquito breeding.

Mosquitoes

manure breeding pests into Po’ip resorts and dooryards were to be a public health issue, it
would have already occurred.
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Nowhere in the EIS or Appendix B does it state that the HDF will release parasites or
predators to control fly populations. HDF would not translocate any species
independently. EIS Section 4.11.2 states: HDF and other ranchers on Kaua’i may choose to
engage with the State Department of Agriculture to translocate dung beetle species already
present in the State to M h ‘ulep and other areas if manure-related fly control is needed.
DOA has a long record of scrutiny and controls on translocation and introduction of pest
control species. All work would be done through and with DOA. Appendix B suggests that “If

Practical ground truthing in Hawai’i: February 2011, we assisted with a week of filming in
the fields of Hawai’i Island’s Kohala Cloverleaf Dairy, where active dung beetles were seen.

Dung beetles are winter dormant in locations where the temperate drops dramatically in
winter. Hawaii does not experience that level of temperature change in winter and the
dormancy is NOT triggered. A review of collecting dates and scholarly publications that
show the activity levels of dung beetles in locations such as Louisiana and Florida show year
round activity. A table showing collections by month for Florida shows related dung beetle,
Phanaeus sp., or Rainbow Scarabs, active in Florida year round. [Radtke, Carlton,
Williamson, 2008, Southeastern Naturalist 7(1):101-110 “A Dung Beetle Assemblage
...Louisiana”; Iowa State University, BugGuide.Net! http://bugguide.net/node/view/3846] A
search of a cross-institutional data base of collections (SCAN) shows specimens of dung
beetles collected in warmer locations in October, November and December.

These beetles are adept at flights to rotation pastures using keen olfactory senses to find
new dung deposits. Therefore, beetles in the vicinity will move to manure on the HDF site
and develop additional populations.

The comments fail to acknowledge the field work documented as EIS Appendix B, which
documents the adjacent cattle operation that moves beef cattle within that property and has
a healthy, functioning population of dung beetles in the same soil types as the proposed
dairy. Again: flies did not come to food left in the open during the survey or to baited traps
above ground, but remained on the manure.

IPM can also be accomplished by reducing habitat for fly life-cycles as noted on page 10
(Diet of Animals) of Appendix B: . . . the dog dung fly, which is known to breed in cow
manure in small numbers, can be reduced by omitting corn from feed (Lee and Toyama,
1991). While dog dung fly was not identified at the HDF site, it is undoubtedly a common
pest in areas with high pet populations thriving in yards of dog owners not promptly
removing dung.

The rotational, pasture-based model to be utilized by HDF disperses manure for rapid
integration into grass and soils. The manure to be collected from the milking parlor and
holding yard will be washed out with water and stored in ponds for use as fertilizer. This
differs from conventional feedlot waste management which typically uses heavy equipment
to scrape manure from barns and transferring it to lagoons where it is stockpiled.

Dung beetles ARE non-native but they are NOT INVASIVE. No scholarly discussion of
invasive species in Hawaii mentions dung beetles. The beetles reduce manure related pests,
and do not prey on or adversely affect any native species of plant or animal. They are not
the only control, but part of an integrated system of multiple methods of control. They do
not compete with or attack any native species.
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Most of the lowland endemic insects have been exterminated by the alien big-headed ant,
Pheidole. [Zimmerman, E. C. (1948). Introduction. Insects of Hawaii V.1, p. 65 of 206 pp.]
Three insect surveys conducted by Dr. Montgomery on parcels being urbanized along the
Po’ip coast since 1975 found only a very few native arthropods. Those found were usually
on native flora, and most were common species occurring widely, some even on all the
major islands, like the globe skimmer dragonfly, Pantala flavescens and intertidal rock
crickets. Though alert for native insects at all times, only a few of the native pantropical

Surveys are designed appropriate to the habitat, in this case a lowland, alien-dominated
pasture with a many decades long history of agriculture where native host plants for native
invertebrates were often plowed under to make way for cane. Invertebrates are often the
dominant fauna in natural Hawaiian environments. Native Hawaiian plant and
invertebrate populations have many interdependencies. Some invertebrates consume and
some pollinate native plants. Many native insects are obligatorily attached to specific host
plants, using only that plant as their food. These insect - host relationships are ancient and
intertwined. Hawaii’s native insect fauna was devastated by a combination of processes
including deforestation, introduction of vertebrates such as chickens and rats, and
introduction of ants and other predatory insects beginning over two centuries ago. It has
escalated in the last century with increasing continental insect arrivals. The overall health
of native Hawaiian invertebrate populations depends upon habitat quality, sufficient food
sources, host plant availability, and the absence or low levels of introduced, continental
predators and parasites, which all support classic native ecosystems. The HDF site
provides none of these conditions. A full inventory is not typically done when assessing
potential impacts of an agricultural use on agriculture zoned land. Montgomery draws on
decades of experience to design each survey to extract germane information under present
and projected conditions.

Native Insects

Based on hydrological knowledge derived from all drilled wells analyzed by Nance, the
downslope movement of ground water from below the pastures toward the habitats of
listed arthropods will not reach into the referenced habitats. It must be recognized that the
food supply of the wholly saprophagic amphipod is organic matter derived from roots and
other decaying plant debris, and nitrogenous and phosphoric nutrients will promote plant
growth. Thus, their effects, if any occur at all, can be expected to expand the food supply in
this oligotrophic subterranean ecosystem.

Endangered Arthropods

The EIS proposes reliance on natural controls resulting from dispersal into pastures by
already established species now widespread due to many State and Federal successful
releases of biocontrol agents over the past century. HDF will cooperate with and support
any renewal of dung biocontrol programs by DOA, such as suggested by Markin & Yoshioka
1998 [see Appendix B, Increase Dung Beetle Diversity].

the HDF cattle began their journey around the HDF paddocks in the sections near areas
where the M h ’ulep Cattle Co. herd was recently grazing, the predators and parasites
would more readily migrate to the manure being deposited by HDF cattle.” This would be a
natural process, no releases or transplanting or translocation.
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Comparisons to the findings of the HDF manure-related invertebrate assessment with the
referenced 1990s study “less than 15 miles away" must, to be appropriate, cite the
following major habitat differences. The referenced study covered an area including beach
and two natural stream courses, up to 150 m. elevation. Also, study lights drew volant
insects from nearby ‘ hi‘a [Metrosideros] and a Forest Reserve in Anahola Mountains. The
authors note native Hawk moth [sphinx moth] “specimens were collected from light traps
set in stream gulches, but it is doubtful that this species breeds in Moloa'a”, nor any other
pastures. Native seed bug individuals were collected from a pasture area, which suggests a
breeding population in Moloa'a of Nysius kinbergi, a common lygaeid bug. From small trees
of Metrosideros growing along a road cut, 3 Psocidae bark lice were taken, but, there are no
native trees on the HDF site. Anisolabis eteronoma earwigs were under cow dung, and it is
now considered to be endemic, being well known from every major island, and taken
under logs, a niche that is not found anywhere on the HDF site. Based on Asquith and
Messing, it is predicted fungus gnats, stream midges, crane flies, seed bugs and ground
earwigs of Anisolabis may well be present at HDF, but they are extremely widespread
throughout the main Hawaiian islands and are not rare. Host plants for the Sphinx moth
were specifically searched for and NOT found, NOR were evidences of other native rare
species [see EIS Appendix B, Invertebrates not present].

Important agricultural lands (IAL) dedicated by owners to long term food production have
a special status supportive of agriculture operations. Having been plowed for sugar cane or
heavily grazed by livestock since the 1840s, these lowlands, lacking in even a remnant of
the native flora, do not support native invertebrates. Conducting an additional survey
using light traps and baits on the pasture would have drawn a few flighted, lowland native
insects from the Mt. H ’upu foothills, thus would have been inappropriate methodology.

dragonfly were seen. Please refer to page 20 of the invertebrate report listed as Appendix
B of Volume 2 Technical Appendices.
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MEMORANDUM

ᦣ ȋ  Ȍ-based rotational grazing dairy specifically designed to utilize 100 percent
of the manure as nutrients to grow the majority of the herd’s feedstock on-site: pasture grass. This approach differs
from the conventional feedlot dairy model that confines dairy cows within barns without access to pasture, and
requires transferring, storing or eventually moving 100 percent of the manure offsite.

The inaccuracies of the water quality report by Exponent are summarized in Appendix G-G of the Final
Environmental Impact Statement (Volume 5). Murray’s assertion of “nearly saturated” soil conditions is incorrect
as it is based on results of the 2016 Exponent Stormwater Management Model (SWMM) that utilizes worst-case
weather data from a rain gauge Äes ¢¢ᦣó. The model also assumes over-irrigation
by HDF, portraying unrealistically saturated soils. This fundamental incorrect data is but one of the flaws within
the pathogen impacts report prepared by Murray. Responses to additional inaccurate or incorrect assumptions
follow.

Thus it is clear the report is not based on any first-hand knowledge of field conditions, and that the author has
relied on information prepared by colleagues in the Exponent network that have incorrectly characterized rainfall
and soil conditions in the report: Water and Water Quality Impacts, Hawaii Dairy Farms DEIS, Mahaulepu, Kauai”
(Exponent, 2016). This report was attached at Appendix G of the Goodsill Anderson Quinn & Stifel LLP comment
letter to the Draft EIS on behalf of Kawailoa LLP.

“The information upon which we rely in preparing this report is from the HDF DEIS and from publicly
available information. We have generally not verified these data independently and, unless otherwise stated,
assume that they are accurate. In addition, some of the data and information generated or reported by the
HDF is unclear, and we have interpreted that information to the best of our ability.”

The report by Karen J. Murray for Exponent (July, 2016) ends with a section labeled “Limitations”, which states:

The following responses incorporate research done by Group 70 and associated technical consultants.
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Response to Comment Letter
Appendix D, by Murray

The definition of standards for freshwaters in the Murray report is incomplete. The following complete definition
has been added to the EIS to round out the reader’s understanding: HAR §11-54 does not classify for protection
¢¢Ǯóǡ  ʹȏ Țͳͳ54-5.1(a)(1)(C)]. “The objective of Class 2 waters is to protect their use for recreational purposes, the support and
propagation of aquatic life, agricultural and industrial water supplies, shipping, and navigation... These waters shall

3. The USFWS National Wetlands Inventory (NWI) assigned codes that describe the habitat type presumed by
the Inventory (most information in the NWI was derived from aerial photographs and maps, not field
investigations; USFWS, 2014). All of the water ditches on the property (and the ‘auwai around the margin
of the valley floor) are coded “R4SBCx”, which represents: intermittent (seasonally flooded) flowing water,
in an excavated channel.

2. ǤǤ  ǡthe main surface water that crosses the HDF site is not named.

1. The Commission on Water Resource Management (CWRM) defines surface water hydrologic units to
delineate and codify surface water resources in the State. As described in the EIS, the HDF site is located
¢¢Ǯó   ǡ  ǲ 
relatively low stream discharge”. The HDF site is in the bottom-land of ¢¢Ǯóǡ 
  ¢ᦣǤ 
 ᦣ  ǤThere are no perennial streams
in ¢¢ǮóǤ

       ǡ ᦣ           
waterbody under the State’s Water Quality Standards and are defined by the Hawai‘i Administrative Rule (HAR)
§11-54. Waiopili Ditch is more accurately characterized as an agricultural ditch with intermittent flow. Agricultural
ditches, for the purpose of water quality standards, are classified as freshwaters/flowing waters. Section 4.17 of
the EIS identifies the three primary regulatory definitions for the surface waters of ¢¢Ǯóǣ

Comment: Information provided in the DEIS was incomplete with regard to describing pathogen/FIB baseline
conditions and did not show an understanding of pathogen risks in the Hawaii environment

While dairy cows can be a source of fecal pathogens, best management practices described throughout the EIS to
protect groundwater are those recommended by NRCS and agricultural extension services such as Cornell
University, University of Minnesota, University of Michigan, and Purdue University, to name a few.

HDF has utilized technical guidance from the Natural Resources Conservation Service (NRCS) to protect water
quality at each step of the dairy design. HDF’s Waste Management Plan, prepared following the Guidelines for
Livestock Management  ᦣ ȋ Ȍ, was reviewed by th 
Branch (WWB) for an operation of 699 mature dairy cows.

The U.S. Environmental Protection Agency (EPA) recognizes the complexity of manure management and
encourages comprehensive nutrient management planning to efficiently use nutrients and protect water quality.
HDF has designed a state-of-the-art dairy based on the most successful island models in the world to create a
  ᦣǯ Ǥ

Technical reviews and environmental analyses documented in the 2016 Draft Environmental Impact Statement
(EIS), and the Final EIS (2017) for the HDF proposed action, conclude that no noticeable nuisance impacts will
extend to resort, commercial, residential or recreational areas.

Statements made in the pathogen report regarding impacts to human and ecological health from pathogens and
fecal indicator bacteria (FIB) from cow manure are both over-simplified and misleading. References throughout
the pathogen report by Murray include research on swine operations and conventional cattle feedlot operations,
which do not apply to HDF. Common sources of water contamination from manure include runoff and leaching
from stockpiled manure or from open lots, neither of which will exist at HDF.

January 11, 2017
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Response to Comment Letter
Appendix D, by Murray

Twelve survey points were established in surface waters: two up-gradient of the HDF site; eight sites in ditches
that traverse or bound the HDF site; and two below the site. Six separate sampling sessions were conducted from
 ʹͲͳͶ ʹͲͳͷǤ  nutrient and chemical constituents identified in HAR §11-54-06
(b) of the State   for open coastal waters. Not all sites had water within the channel on

The State   specify “wet season” criteria for streams as November 1 through April 30
ȏ §11-54-5.2(b)]. Sampling was conducted during the wet season. However, during the 9-month period of the
baseline data collection, no significant rainfall events occurred that resulted in observable flow to the ocean. This is
consistent with research by the groundwater engineer that runoff from the site would be limited to periods of
major rainfall events that exceed 0.8 inches. Based on the 30-year rainfall record for the area, such rainfall events
are estimated to occur approximately three percent of days, or an average of 10 days annually (EIS Section 4.17.4).

HDF Water Quality Surveys: Marine Research Consultants, Inc. (MRCI) conducted water quality surveys of surface
waters and the nearshore marine environment for the EIS and to establish a baseline of existing conditions.
Working in conjunction with sampling by Tom Nance Water Resource Engineers (TNWRE) of groundwater in the
area, baseline data was recorded on groundwater, surface water, and nearshore marine water quality. The
rationale of the water quality assessment was to determine the contribution of groundwater to the marine
environment down- gradient of the HDF site, and to provide a baseline of conditions prior to the commencement of
any dairy activities. Combining this information with estimates of changes in groundwater and surface water flow
rates and chemical composition that could result from the proposed project provided a basis from which to
evaluate potential future effects to the marine environment. The technical reports prepared by MRCI and TNWRE
are attached to the EIS as appendices E and F, respectively.

The baseline conditions found in the agricultural ditch waters from ¢¢Ǯó  includes pathogens
contributed by cattle, dogs, cats, feral pigs, horses and other animals. Each of these animals represents a potential
source of pathogens and FIB in the existing baseline condition of ditch waters. The Murray report lists pathogens
associated with cattle manure, which are also associated with feral and domesticated animals, decaying organic
matter, avian wildlife, vegetation, soils, and even insects.

     on five dates from November
2014 through March 2015, and initiated a series of investigations into water quality issues. The Sanitary Survey
     
 ǡ  Ûދóǡ  Ǥ

Comment: FIB baseline studies did not account for seasonal (rainfall, temperature) variability

Complaints from the public citing the high levels of enterococcus in Waiopili Ditch and concerns about the
proposed dairy prompted the State  Clean Water Branch (CWB) to conduct a “Sanitary Survey” of the
¢¢Ǯó-watershed and the adjacent Waikomo watersheds.  had not conducted water
quality sampling for either nearshore recreation waters at the terminus of Waiopili Ditch, or of surface waters in
 ¢¢Ǯó      , as the remote areas are on private lands. Priority for Hawai‘i’s
nearshore water quality monitoring goes to public beaches where the general public recreates in numbers; areas
accessed across private lands are typically not included due to limited funding.

Waiopili Ditch receives runoff from the larger 2,700-acre ¢¢Ǯó Valley sub-watershed, including the lands
mauka and makai of the proposed dairy. The dairy site represents roughly 20 percent of the sub-watershed,
occupying just 557 acres. With rainfall at slightly less than 50 inches annually in ¢¢Ǯó Valley, this region is
one of the drier areas of the island.

not act as receiving waters for any discharge which has not received the best degree of treatment or control
compatible with the criteria established for this class . . .” The HDF design incorporates the best degree of control to
minimize impacts to water quality.

January 11, 2017
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Response to Comment Letter
Appendix D, by Murray

It is critical to understand that soil conditions in Hawaiᦣi differ greatly from North America. Research in Hawaiᦣi
spanning three decades shows that FIB are widely distributed in a variety of environmental habitats, even when
there is little or no input from human and/or animal fecal sources. These enteric habitats include soil and
sediments, beach sand, aquatic and terrestrial. Some studies have shown the existence of populations of
  ǡ  Ǥ 
research investigations and studies regarding soil organisms in Hawaiᦣi have been published by the Water
  ȋȌ Ǯ¢Ǥ

Comparing the characterization of nutrients and chemical constituents from surface water samples to those water
samples taken in the nearshore marine area reveal that indicator bacteria were substantially lower in the ocean
than in the ditch. The rapid decrease is a result of physical mixing of water masses. Water sampling results have
shown that elevated levels of the indicator bacteria do not extend beyond the shoreline. Water discharged from the
Waiopili Ditch connection to the nearshore ocean encounter a very well mixed coastal regime, driven by nearly
constant winds, waves and strong nearshore currents. See EIS Section 4.17.3 Nearshore Marine Waters, and
Appendix F.

Impacts Beyond the Shore: MRCI also measured water quality constituents, including nutrients and bacteria, in the
nearshore waters off Waiopili Ditch to establish baseline conditions for the EIS. Four ocean transects were
established, extending from the shoreline to approximately 200 meters offshore. Transects were clustered near the
terminus of the ditch, with transect T-1 to the east intended to serve as a control site, as it is removed from the
influence of discharge from Waiopili Ditch. All data collected, along with the location, depth, and physical
parameters including turbidity, are shown in Tables 3 and 4 of the Baseline Conditions report referenced above.

The CWB results show a clear trend of an increasing enterococci concentration towards the stream mouth. The
dense vegetation forms a canopy over the ditch segment where sampling sites 11 and 12 are located, blocking out a
large portion of sunlight to the area. There is also a high degree of turbidity in the area. It is believed these serve as
a protective barrier to the natural inactivation of the indicator bacteria by sunlight, thereby leading to elevated
concentrations.

MRCI concluded that bacteriological sampling showed indicator bacteria (Enterococcus, Clostridium) in surface
water samples and nearshore marine samples showed no repetitive pattern: counts were high and variable within
surface water sites and between times of sampling. As no dairy cow activities existed during the sampling, the high
levels of indicator bacteria are the result of naturally occurring sources (feral animals), as well as other existing
land uses.

Comment: The presence of FIB in the Waiopili Stream above acceptable levels prior to dairy operation . . . and
Assertions that concentrations of pathogens will decay rapidly in marine waters receiving input from the
Waiopili Stream due to “toxicity” are not supported by data

            Ǥ         
Assurance Project Plan. All samples were collected during the “wet” season.

Comment: FIB baseline studies did not provide any replication to understand the variability associated with
the measured values

 ǡ    ʹͲͳͷ.
 CWB also conducted bacteriological testing on two dates sampled by MRCI, and on three additional dates.

some sampling dates; this is reflected as missing sample sites in data collected by MRCI and displayed in Tables 1
and 2 of the Baseline Conditions report (EIS Volume 2, Appendix F).
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Pathogen Attenuation In a Pasture-based Dairy: The soils at the proposed HDF site are shown to have a hydraulic
conductivity (the rate at which groundwater passes through soils) in the range of 10.5 to 50 feet per day, compared

  
to rainfall, along with completely erroneous assumptions regarding HDF’s irrigation rates, which led to completely
saturated soil conditions as explained on page 1 of this response. Another example of incorrect assertions by the
Goodsill team is the use of American Society of Agricultural and Biological Engineers (ASABE) “book values” for
manure production and nutrient excretion estimates. In the “Comments on Animal and Manure Management in
ᦥ    ǳ prepared by Deanne Meyer, Ph.D. dated July 2016
and attached to the Goodsill letter as Appendix F, Meyer overstates the amount of manure to be produced. The
ASABE calculations were reasonably correct in the year 2000 but have not accounted for changes in genetics,
management systems, and nutritional advances over the past 16 years. The Cornell Net Carbohydrate and Protein
System (CNCPS) model used by HDF allows inputs on farm specific animal inputs, dietary inputs from available
grass trials from the HDF site, and incorporate changes in farm management, genetics, and nutritional advances. So
assumptions about the amount of manure output stated in the pathogen report are incorrect. A full review of the
Deanne Meyer report is contained in Appendix F-F to this letter, and is included in the Final EIS, Volume 5.

Purported Impacts: The potential impacts mentioned in the pathogen report are speculative and give no credence
to the technical reports prepared by HDF and its primarily ᦣ-based expert consultants. Instead, it relies on
reports that use wildly different assumptions and, in several cases, incorrect data. In most cases, the assumptions
are based on poorly-managed conventional feedlot dairy operations on the mainland. HDF stands by the
environmental analyses conducted for the EIS, which demonstrates the dairy will not create nuisance impacts
downstream or beyond surrounding agricultural lands.

Comment: Dairy wastes are known sources of pathogens with the potential to negatively impact surface and
groundwater, especially under conditions found at the proposed HDF

HDF will utilize all recommended animal husbandry and NRCS practices to minimize pathogens on the site, as well
as to minimize any transport offsite.

With the addition of irrigation water and liquid effluent, the surface soil will be energized microbiologically (EIS,
Section 4.11). Stimulated populations of microorganisms are very effective in inactivating pharmaceuticals and
additives due to the reduced half-time resulting from enhanced immobilization and degradation by the superactive
microbiological community.

Recommended best management practices (BMPs) for reduction of pathogens from manure collection and storage
include use of clean-water diversions, vegetated filter strips, and fencing livestock access to waterways. Design and
implementation of theses BMPS at HDF is described in Chapter 3, Section 3.3.1.7 Stormwater Run-Off/Drainage and
Section 3.5.1 Paddocks, Fencing and Setbacks. Within the ponds, some anaerobic digestion will occur to break down
organic component of the manure into soluble forms, typically ammonium, potassium, phosphorus and other
soluble nutrients. Pathogens and bacteria are also reduced in the ponds.

The explanation for why human fecal discharges, represented by sewage sources of FIB, are reliable predictors of
GI illness rate and non-point sources of FIB are unreliable predictors of GI illness rate is based on the principle of
the species barrier, which is demonstrated by susceptibility of humans to one set of disease causing pathogens and
various other animals being susceptible to their own set of disease causing pathogens. Based on this principle, the

The U.S. Environmental Protection Agency (EPA) recommends the use of enterococci as FIB. However, because the
  is aware of the sho           ǡ         
bacterium Clostridium perfringens for routine monitoring of ambient surface waters. C. perfiringens was selected as
a secondary tracer because of an observed correlation between this human-specific bacterium and human health
risk. C. perfiringens appears to track with other human-specific pathogens which appear to originate from septic
tanks iii.

Murray has carefully selected the livestock-related bacteria studies to support her assertion that cow manure
poses a higher risk to human health impacts than that of swine or other livestock. She does not acknowledge that
human-related sewage poses the highest human health risk, and does not identify the limitations and issues
surrounding use of FIB to determine human health risks to bathers. Correlations have not been established
between FIB concentrations and gastro-intestinal (GI) illnesses at beaches characterized by non-point sources of
FIB i. Extra-enteric sources of FIB have been reported to multiply in environmental habitats (soil, sediments, sand,
plants, algae) in tropical as well as temperate climates. It should be noted that since extra-enteric FIB multiplied in
environmental habitats, such as soil rather than intestinal habitats of humans or animals, these bacteria are not
indicators of fecal contamination. As a result, the numbers of extra-enteric FIB in environmental water samples are
not related to degree of sewage contamination or degree of animal fecal contamination ii.

Comment: Pathogens related to livestock manure have been implicated in multiple outbreaks of human
illness

The study cited (Sinton et al. 2007) begins to attempt to quantify conditions in which pathogens may survive in
cow manure on pasture, however, it is hardly a definitive statement as to what will occur within the HDF pastures.
Within the rotational grazing system at HDF, patties will be disrupted by cows and birds. Primary and secondary
decomposers will also work to break down and incorporate manure into soils. The site is also exposed to constant
sunlight, which can inactivate bacteria on the patty surface and contribute to patty dehydration. While the role of
sunlight is complex, both these factors contribute to bacterial inactivation.

Murray cites research by Sinton et al. (2007) in association with the assertion that concentrations of Enterococcus
in cattle manure “. . . survive up to 60 days or longer under appropriate conditions . . .” It is important to note key
methods utilized in the controlled research study: half of the samples analyzed were inoculated with the
pathogens; and the inoculated and field-collected samples were placed in a controlled pasture area after being
formed in a molded shape to replicate a cow patty, and were protected from disruption by cattle. A conclusion of
the study is that sunlight contributes to bacterial inactivation through dehydration of the patty.

Comment: Pathogens are able to survive days to months within cow patties and in effluent ponds which will
allow time for transport offsite

This response describes HDF’s minimization plan for pathogens related to both herd health and multiple best
practices to retain and minimize any pathogens on site. Murray’s reliance on incorrect “transport factors” and
hydrology provided by another Exponent team is faulty, as previously described. Down-gradient impacts from HDF
operations are not anticipated.

Response to Comment Letter
Appendix D, by Murray

Pathogen Minimization Measures at HDF: Pathogen prevention on a dairy begins with healthy animals. Good
animal husbandry practices reduce pathogens in manure as healthy, comfortable animals have and shed fewer
pathogens that sick, stressed animals. Regular vaccinations, adequate space allowance, and access to feed and
water are among the recommendations that are met or exceeded in a pasture-based dairy system. EIS Section 3.4
Herd Management provides an overview.
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Û-ǮóʹͲͳͷͲͲ. The slow time of travel allows
pathogens to die-off or degrade to a point of being benign.

Response to Comment Letter
Appendix D, by Murray

Comment: Probable Impacts of FIB/Pathogens were not included in the DEIS despite being a known impact of
dairy farming
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Response to Comment Letter
Appendix D, by Murray

The predicted median risk of illness from recreational exposure to the pig-impacted waterbody is
approximately 30-times lower than the risk of illness associated with human sources of contamination; and

The predicted median risk of illness from recreational exposure to the chicken-impacted waterbody is
approximately 20- to 5000-times lower than the risk of illness associated with human sources of
contamination.

x

x

In summary, Murray again relied upon faulty characterization of “saturated soils” and fails to understand the
benefits of attenuation provided by the HDF site’s soils.

The HDF groundwater engineer demonstrated that there are two groundwater bodies within the valley that are
completely hydrologically separated: shallow groundwater in valley’s alluvial material, from confined groundwater
in the underlying volcanics, which is the source of public drinking water. EIS Section 4.16.2 Potable Water
identifies the flow paths identif               
Water Branch for the public drinking water wells closest to HDF. The pathlines depict the water capture is from the
west- north-west; HDF lies due east (Figure 4.16-3).

The EIS clearly explains the benefits of the soil type to the pasture-based dairy location. ¢¢Ǯó
sub-watershed are formed by the poorly permeable alluvium that covers the valley floor. The alluvium is highly
weathered lava that forms silty clay layer, which is described as “poorly drained”. The classification of soils as
poorly drained indicates a relatively slow rate water movement within soil and to surrounding areas. Poorly
drained is not an indication of low or poor infiltration. Infiltration refers to the ability of water to enter the soil
surface, whereas “drainage” refers to the movement of water within or from the soil profile. This slow movement
allows for attenuation (reduction) of bacteria, pathogens, and nutrients from manure (EIS Section 4.3 Soils).

Comment: Much of the soil at the HDF is described as “anaerobic” and poorly drained, which may affect the
potential for pathogens to survive and be transported offsite.

Murray’s repetitive citations of poorly managed livestock operations have nothing to do with the conditions at HDF
or its impacts.

       ǡ      ǲǳ       recommended tests are used to help determine human health risks. Because enterococci may be found in many
extra-enteric secondary habitats, it is very important to understand the phylogeny of enterococci and the ecology
of the group. Not understanding this and acting on enterococci concentration alone may often lead to erroneous
decisions and unnecessary expenditures of limited resources that could be better utilized elsewhere. This is
particularly relevant to the tropical environment of Hawaiᦣi, where favorable growth conditions persist yearroundv.

The predicted median risk of illness from recreational exposure to the cattle-impacted waterbody is 25- to
150-times lower than the risk of illness associated with human sources of contamination;

x

Studies by the EPA on health effects of recreation in waters impacted by agricultural animal fecal contamination
concluded that:

World Heal  ǡhich has been contaminated by human feces or sewage effluent,
has the greatest potential for transmitting diseases to humans. In contrast, water contaminated by various animal
feces represents variable and generally lower risks to bathers iv.
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Response to Comment Letter
Appendix D, by Murray

HDF has adequately planned its cemetery site and incorporated Best Management Practices required to protect
water resources surrounding the HDF site. The anticipated animal mortality rate for HDF is typically less than two
percent for productive cows, with higher rates in young and stillborn calves, for a total of less than five percent of
the herd. The animal cemetery is specifically located on the uphill side of the farm, in an area of relatively flat
pasture. Site selection criteria for the cemetery paddock included protection from prevailing winds, and distance of
greater than 100 feet away from any drainageway, 200 feet from any natural watercourse, 300 feet from any well,
and more than 20 feet from any buildings. Within the cemetery paddock, pits will be sited based on soil suitability
and slope. An area of approximately 5,000 square feet is needed for the animal cemetery at the contemplated herd
size of up to 2,000 mature dairy cows, which is a fraction of a 3- to 5-acre paddock. Pits will be lined in accordance
with NRCS Conservation Practice Standard, Animal Mortality Facility Code 316.

Comment: The use of burial pits for deceased cattle described in the . . . HDF Waste Management Plan . . .
presents an additional risk for pathogen transport to ground or surface waters.

ʹͲͳ  ¢¢Ǯóȋ ǡʹͲͳȌǡ  
taro farm poses no significant risks to Waiopili Ditch as a potential contamination source.

In addition to precision irrigation technology, 20-foot setbacks on all sides of the Hariguchi site are incorporated
into the HDF design. Currently, the existing lo‘i are located approximately 500-feet from its northern site boundary,
so setbacks are much greater.

The pivot system is designed to effectively utilize water to irrigate the crops. GPS technology allows for accurate
placement of irrigation, turning the spray off where programmed to avoid water resources. The irrigation nozzles
are sized to deliver a droplet large enough to ensure water gets to the ground without evaporating or being blown
away. The overhead pivot will not be operated when wind speeds exceed the system specifications.

Comment: The taro farm which is nearly enclosed by the HDF property has fields with standing water and
represents another potential source and/or receptor for pathogens which was not considered by the HDF in
the EIS

Should HDF decide to expand the herd to more than 699 mature dairy cows at some time in the future, additional
nutrients from manure will be available to supplant that need for chemical fertilizers to meet the agronomic need
of the grass crop. Setbacks from water resources identified in EIS Section 3.5.4.2 Nutrient Balance will be
maintained regardless of the herd size.

Chapter 3 of Final EIS includes additional information on herd management and the grazing cycle. Paddocks will
not be “more frequently” grazed should the herd size increase; the number of cows in each paddock will increase
for the short duration within the paddock. Her statements regarding compaction do not acknowledge a basic
premise of the short-duration rotational grazing method, or the properties of the thick Kikuyu grass thatch.

Pathogen Scale Change between 699 and 2,000 Herd Size: A premise of the Murray report is that pathogens
continue at full strength ad infinitum. This is simply untrue. Pathogens require specific conditions to survive, much
less to multiply. It is incorrect to assume that there will be increased runoff with an increase in herd size. Increases
in components associated with integrated pest management (IPM) such as dung beetles, and the soil microbial
community, will also increase proportionally. HDF will continue to follow the same NRCS practice standards
regardless of herd size.

Comment: Unlike nutrients, which the DEIS asserts will remain constant with the proposed change from a
699-head up to a 2,000-head farming operation . . . pathogens would be expected to scale proportionally . . .
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Response to Comment Letter
Appendix D, by Murray

HDF has collected initial baseline data on surface waters, nearshore marine waters, and shallow groundwater
within the alluvium. The monitoring is focused on nutrient and chemical constituents, however, bacteriological
               Ǥ Periodic sampling will be
ongoing. These monitoring programs will provide feedback to the dairy management team regarding changes in
water quality. Increases in nutrients as a result of dairy establishment or operations can inform modification of the
operation’s nutrient management. Modifications to the timing and placement of effluent can be made; the rate of
application can be changed; different crops can be utilized to increase uptake by plants; and the number of cows
can be changed. Nutrient management is a dynamic process that is informed by monitoring a number of
parameters; the ability to monitor nearby water bodies for changes in nutrients is an additional check that
provides data that can be made available to the public.

The State Department of Health Clean Water Branch (Sanitary Survey Branch) has stated that the FIB identified in
Waiopili Ditch is not attributable to the dairyǤ  ǡ  likely from onsite disposal
 Û-Po‘ipu region. Further testing is ongoing to determine the source of the FIB.

HDF has documented the design and operational actions it will take to comply with NRCS practices and BMPs.
Nutrient balance monitoring minimizes the agricultural impacts to surface water and groundwater by properly
utilizing manure and commercial fertilizers in balance with plant nutrient requirements. By following the NRCS
Nutrient Management Standard (590), HDF will optimize nutrient applications through proper timing, placement,
utilization, and monitoring of nutrients. Shallow groundwater wells have been developed by HDF to provide for
baseline and future monitoring.

Comment: . . . HDF should have a monitoring program to determine the extent of any impact . . .

The statement regarding Figure 3.5-1 “shows a surface water ditch running through the middle of the paddocks”
again points to the lack of field work conducted by Murray. From all descriptions throughout the EIS, it is clear that
the old ditch is outside the HDF site. The mapping variation on the USGS quadrangle map used as the EIS base map
is most likely due to survey data processing and computer-aided design (CAD) conversion factors. A perimeter
fence will be erected along the HDF site that will exclude the out-of-use ditch.

A pathogen control report prepared by scientists at the University of Minnesota (Spiehs and Goyal, 2007) notes
that best management practices such as those to be used at HDF can aid dairies in reducing pathogen transfer from
their operations. The setbacks will minimize stormwater runoff, and thereby pathogen transport from any fresh
manure that may not yet be broken down and incorporated into soil. Mitigation measures to control risks of
pathogen transport include vegetative filter strips and circulated storage ponds, such as the effluent ponds
provided in the HDF project scope. Within the ponds, some anaerobic digestion will occur to break down organic
component of the manure into soluble forms, typically ammonium, potassium, and phosphorus and other soluble
nutrients from both feces and urine. The effluent manure is then applied to the pasture and thus is in solution and
readily available for absorption by the pasture grass.

The comment by Murray, again, ignores the best practices designed into the farm. As stated in EIS Section 4.17.4,
HDF operations will follow the practice standards of the NRCS to minimize FIB/pathogen impacts. These practices
include setbacks to minimize impacts to waterways. Physical setbacks will be created with fences installed 35-feet
from drainageway (totaling 70-feet in width) to keep cows away from surface waters. Within the 35-foot setback,
vegetation will be established to create filter strips to capture particulates during stormwater runoff. Another
setback restricts application of effluent within 50 feet of the drainageways; only irrigation water will be used as
needed to maintain the vegetated buffer and pasture grass, keeping nutrient applications away from waterways.
Also see Section 3.5.1 Paddocks, Fencing and Setbacks in the EIS.

Comment: Mitigation Measures to control the risks of pathogen transport to surface and ground waters were
not included in the DEIS, as no impact of the dairy farm was considered
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Drainage improvements and future pasture conditions will reduce stormwater runoff through the establishment of
the thick Kikuyu grass thatch, vegetated filter strips along drainageways, and maintenance of ditches. term, the surface water quality in the agricultural ditches and Waiopili Ditch will be improved by active management of
the dairy site.

ǡ the HDF EIS has demonstrated that setbacks will minimize impacts from effluent, a potential source of
pathogens, from drainageways and other water resources. HDF has been designed to incorporate NRCS and other
best practices for protection of water resources. Physical setbacks will be created with fences installed 35-feet
from drainageway (totaling 70-feet in width) to keep cows away from surface waters. Within the physical setbacks,
vegetation will be established to create filter strips to capture particulates during stormwater runoff. Another
setback restricts application of effluent within 50 feet of the drainageways; only irrigation water will be used as
needed to maintain the vegetated buffer.
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The botanical survey design for HDF was based on the extensive experience of the botanical consultant, who has 49
years of experience as an ecologist in Hawai‘i with the last 20 or so working as a field botanist. Each survey is
designed appropriate to the resources to be surveyed and to potential impacts of the proposed project. Botanical
surveys conducted for purposes of evaluating impacts from a proposed project in an EIS typically focus on rare
native plant species and native ecosystems.

The complete response to this section is addressed in Appendix E-E document “AECOS Consultants response to
Exponent (2016) “Comments on Ecological assessment in Hawaii Dairy Farms Draft Environmental Impact Statement,
May 2016, Botanical Survey Section 2.1”.

Section 2.1 – Botanical Survey. The botanical survey assessing the proposed project area is insufficient to
predict the potential impacts to both exotic plants and threatened native plants.

This response and the attached responses from HDF expert consultants show that the biological surveys conducted
for the dairy project are appropriate and complete. Survey methods used were designed and undertaken by
biologists with more than 3 decades of experience in Hawaii, using survey protocols widely accepted for impact
analyses. HDF stands by the environmental analyses conducted for this EIS, which uses reasonable and diligent
processes to disclose all probable impacts and demonstrates the dairy will operate in a way that minimizes
potential impact to threatened or endangered species.
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MEMORANDUM
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The response to this section is addressed in Appendix E-E document “Rana Biological Consulting response to
Exponent (2016) “Comments on Ecological assessment in Hawaii Dairy Farms Draft Environmental Impact Statement,
May 2016, Avian Survey Section 2.2 and Mammalian Survey Section 2.3”.

Section 2.3 – Mammalian Survey. The mammalian survey assessing the mammal populations and longterm planned habitat changes was insufficient to predict the potential impacts to the endangered Hoary
bat and to predict the effects of increased pest mammal species.

HDF has and will continue to coordinate with the U.S. Fish and Wildlife Service (USFWS) and the State Division of
Forestry and Wildlife (DOFAW) on appropriate minimization and management actions to ensure dairy operations
will not result in deleterious impacts to protected wildlife. A draft Endangered Species Awareness and Protection
Plan (ESAPP) is appended to the Final EIS (Appendix L), and will be completed through further discussion with the
agencies. Fencing, predator control, monitoring for potential outbreaks of avian botulism within the pond areas,
  µµ  urther detailed in the
ESAPP.

Unlike continental areas, there is not a significant change in the avian makeup of inland areas during migration
season, nor are there significant differences in avian species makeup on any given site during a specific fairly
narrow breeding window as occurs in the continental United States. The time selected for the avian surveys, late
August is a time of the year when migratory shorebirds are present in the Hawaiian Islands thus the surveys were
conducted when the greatest diversity of avian species was expected to be present.

The Rana Biological technical report appended to the EIS clearly states that the surveys were conducted over the
course of two days. Point counts were one component of the avian surveys; they are used to characterize the
relative abundance of species present on the property, not to find rare species. The property was searched for
habitats and species not detected during the point counts, which is the standard protocol for finding rare avian
species in the Pacific.

The response to this section is addressed in Appendix E-E document “Rana Biological Consulting response to
Exponent (2016) “Comments on Ecological assessment in Hawaii Dairy Farms Draft Environmental Impact Statement,
May 2016, Avian Survey Section 2.2 and Mammalian Survey Section 2.3”.

Section 2.2 – Avian Survey. The avian surveys assessing the bird populations and long-term planned
habitat changes were insufficient to predict the potential impacts to threatened and endangered endemic
birds and to predict whether exotic bird populations would increase.

Concern for the absence of threatened or endangered native Hawaiian plants, very few of which are annuals, in the
dry season might be a consideration only in areas with minimal annual rainfall (less than 20 inches annually).
Thus, most introduced (exotic) annuals tend to be biennials in our subtropical climate. As a strategy, annuals are
typically avoiding winter freezing, a situation not occurring in Hawai‘i except at high elevations. The project site is
highly disturbed agricultural land and supportive of only a very limited suite of native plants. It could be argued
that discovery of native plants is far more likely during the dry season when the growth of dominating weeds
(exotics) is more subdued. Potential threats to listed plants on the property do not exist and conducting an
additional survey in the “wet” season would not alter the findings.

The nature of the site and its present and historical uses for intensive agriculture were anticipated to have limited
the natural botanical resources anticipated to occur. The results of the survey substantiate this prediction: only
four percent of all plants recorded during the survey were native, indicating that only species adapted to constant
disturbances can survive. For the HDF project, the botanical survey determined no threatened native plants or
native plant habitat occurs on the subject property (or reported from the vicinity).

3

So the only benthic communities that could be potentially affected by ditch flow are not in the direct discharge
path, but rather in areas where exposure would be only to ditch water that is greatly diluted with ocean water. The
effect of elevated nutrients on corals is often cited as a major concern regarding the impact of land-based discharge
on reef community structure. However, the observations of MRCI’s marine biologist do not support this; the
following comes from a review of published scientific research related to potential effect from nutrient subsidies

Coral community structure throughout the nearshore zone that has a hard bottom is generally restricted to the
hardy pioneering coral Pocillopora meandrina. Where substratum is more sheltered from wave effects or has more
complexity in the form of undercuts, ridges and knolls, additional common species are seen: Porites lobata and P.
compressa, and Montipora patula and M. capitata. Coral cover in such areas was 10 to 20 percent of bottom cover.
The exception was a small area approximately 0.3 miles south of the ditch point of discharge, where a wellestablished coral community was identified. This community likely exists due to a protective lava extrusion that
shelters the area from destructive waves. The corals within this area, while not common for the high-energy
marine environment, are composed of the most common components of most Hawaiian reefs. Due to the distance
from the discharge point (approximately 2,000 feet, or 0.3 mile), nutrient or biological inputs from the ditch would
be diluted to background marine levels and have no impact.

To address comments to the Draft EIS, HDF engaged MRCI to survey the marine biotic community structure and
provide baseline documentation of existing conditions. Biotopes – areas of uniform environmental conditions that
provide a living place for a specific assemblage of plants and animals - were documented and described for the
¢¢Ǯó Ǥ      -period south swells and tradewind-generated seas are
reflected in the survey findings. There is essentially no biotic community structure in the areas where the ditch
water flow meets the ocean.

The response to this section is addressed in Appendix E-E document “AECOS Consultants response to Exponent
(2016) “Comments on Ecological assessment in Hawaii Dairy Farms Draft Environmental Impact Statement, May
2016, Aquatic Resources Survey Section 2.5” and the paragraphs below.

Section 2.5 – Aquatic Resource Surveys. The aquatic resources were not surveyed, and thus the assessment
of the proposed project area was insufficient to predict the potential impacts to the freshwater and marine
communities from HDF activities.

ᦣǤThe two amphibians noted during the invertebrate survey represent
introduced species that are widespread throughout the lowlands will neither pose an impact to, nor will be
impacted by, HDF operations. EIS Volume 2, Appendix B contains a list of invertebrates and other wildlife noted at
HDF during the survey.

Section 2.4 – Other Terrestrial Fauna. Other important terrestrial fauna, such as invertebrate, amphibian,
and reptiles were not assessed as part of the DEIS for the proposed project area, and thus the DEIS is
insufficient to predict the potential impacts to the fauna community from HDF activities.

For Exponent to suggest that Hawaiian hoary bats may be put at risk by lighting fails to consider that the bats are
sighted animals. As such, they are unlikely to collide with a building at any level of illumination. As stated
previously, no barbed wire will be used per coordination and agreement with USFWS and DOFAW.

The comment that the survey for mammalian species was insufficient to predict potential impacts to the
endangered Hoary bat and to predict effects of increased pest mammal species in misleading. In the Hawaiian
Islands there are no extant native terrestrial mammalian species with the lone exception of the Hawaiian hoary
bat. All of the non-native introduced mammalian species present on the island are ubiquitous and widespread
particularly in the lowlands. It is not standard practice for this type of a survey to conduct in-depth mammalian
surveys, as is the norm in many locations of continental areas. Nor is it standard practice to attempt to quantify the
potential increase in pest mammal species.

4

The response to this section is addressed in EIS Volume 5, Appendix C-C. Nowhere in the EIS or Appendix B is it
stated that HDF will release parasites or predators to control fly populations. HDF would not translocate any
species independently. EIS Section 4.11.2 states: HDF and other ranchers on Kaua’i may choose to engage with the
   ¢¢Ǯó
other areas if manure-related fly control is needed. DOA has a long record of scrutiny and controls on translocation
and introduction of pest control species. All work would be done through and with DOA.

Section 2.7 – Introduction of Exotic Species. The DEIS does not address the controls necessary to stop
further invasive species from arriving to Kaua‘i during transportation of equipment and feed, relocation of
invertebrates such as dung beetles, and attraction of exotic species due to habitat changes (e.g., settling or
storage ponds); thus the analysis of the DEIS is insufficient in its assessment of the impacts from the
proposed project.

A large body of scientific literature documents that, contrary to popular belief, reef corals do not necessarily
   Ǥ  ᦣǡ   Ǥ ͳͻͻͶ         
Pacific Basin growing at the Waikiki Aquarium in high nutrient marine groundwater have higher linear growth
rates than corals in the wild. There is no reason to expect that a short-term exposure of a very limited community
to elevated nutrients will result in any negative impacts to corals in the mixing zone of Waiopili Ditch and the
ocean.

The assertion that “algae blooms” will occur due to elevated nutrients from stormwater has not borne out in the
nearshore marine environment off Waiopili Ditch. Even during the typical low rainfall conditions, there is always a
discharge from Waiopili Ditch to the ocean, and water quality sampling has documented that the ditch water is
elevated in nutrients. Therefore, it would be expected that algae blooms would be occurring under current
conditions, but inspection of the nearshore mixing zone indicates that such blooms are not occurring.

Plankton or benthic algal blooms are also often associated with nutrientǤ     
showed nutrient enrichment is not a sole or major cause of shifts in algal abundance. Benthic algal blooms on Maui
that occurred during the 1990’s have not returned for the last decade, indicating that nutrient input is not the sole
causal factor.

Section 2.6 – Harmful Algae Blooms. The DEIS did not address the potential for harmful algal blooms in
water features on the property that could spread into the nearby marine system.

    
in the EIS. The EIS sufficiently assesses the proposed action as explained in Chapter 3 through its evaluation in
Chapters 4, 5 and 6. Additional information regarding the MRCI Resource Surveys can be found in the addendum to
EIS Volume 2, Appendix F, A Baseline Assessment of Marine Biotic Community Structure of Mahaulepu, Kauai, Hawaii
(MRCI, 2016).

on reef corals. MRCI notes Kinsey (1991) observed that it is incorrect to jump from the observation that coral reefs
do well under low nutrient conditions to the conclusion that coral reefs require low nutrient environments.
Atkinson and Falter (2003) state: “It is widely believed that any nutrient input to coral reefs is deleterious. This
  Ǥ Ǥ Ǥ     Ǥǳ   ÄÄ         
show corals flourish in high nutrient environments. An empirical example demonstrating the inaccuracy of the
assumption that elevated nutrients always result in negative effects to corals is the coral colonization on the
 ᦣǤ arine environment similar to
¢¢ᦣóǤ

5

The Final EIS Section 4.10, Fauna, has been refined to clarify elements of the ESAPP as well as to incorporate
USFWS comments. A draft ESAPP is appended to Volume 2 of the Final EIS as Appendix L, and will be completed
through further discussion with the agencies.

HDF has and will continue to coordinate with the USFWS and State DOFAW on appropriate minimization and
management actions to ensure dairy operations will not result in deleterious impacts to protected wildlife as
previously explained in the response to Section 2.2. HDF is committed to operations that pose no adverse impacts
to endangered species and has prepared the initial draft ESAPP with input from the agencies. In the meetings, HDF
and USFWS discussed facility design and operations as well as minimization measures for the eight endangered
species that may occur on or overfly the site (four waterbirds, the Hawaiian goose, two seabirds that overfly the
ÛȀᦣóǡ ȌǤ

Section 3.0 – US Fish and Wildlife Service Recommendation letter and Response to Recommendations. In a
six-page letter from Aaron Nadig, USFW Island Team Manager, to Jeffrey Overton, USFW listed concerns
and recommendations for the proposed HDF project.
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“COMMENTS ON ECOLOGICAL ASSESSMENT IN HAWAII DAIRY
FARMS DRAFT ENVIRONMENTAL IMPACT STATEMENT, MAY 2016”
BOTANICAL SURVEY, SECTION 2.1
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HDF's Nutrient Balance Analysis is predicated on farm specific inputs and calculated outputs using the Cornell Net
Carbohydrate and Protein System (CNCPS) model. While the Standard D384.2 Manure Production and
Characteristics (ASABE, 2005) can still be used today to estimate manure production and nutrient excretion, the

Many of the comments contained in Dr. Meyer’s report are predicated on the estimates of manure production and
nutrient excretion numbers from Standard D384.2 Manure Production and Characteristics (ASABE, 2005) which
HDF does not use. The ASABE standard is outdated while HDF utilized an updated and more accurate Cornell Net
Carbohydrate and Protein System (CNCPS) model, rendering the comments invalid. The ASABE standard is less
accurate for the following reasons below:

 ͵Ǥ    Ǥ

HDF is dedicated and required to meet all applicable regulations and requirements for dairy operations in the State
of Hawaiᦣi and County of Kauaᦣi, as well as national guidelines and standards set by the USDA, NRCS, and EPA. HDF
is not located in the State of California and is not subject to California regulations.

Hawaiᦣi Dairy Farms is committed to providing fresh, nutritious milk that’s affordable for local families – produced
in Hawaiᦣi for Hawaiᦣi. HDF is a positive step toward Hawaiᦣi’s food security, economic diversity, and sustainability.
At steady-state, the farm will more than double existing local milk production, significantly reducing Hawaiᦣi’s
reliance on imported milk from the mainland United States, which currently accounts for roughly 90 percent of our
statewide supply. HDF’s operations are based on the most successful island models in the world and will utilize a
sustainable, pasture-based rotational grazing system and 21st century technology.  ᦣ
operation for many years and are not new to the islands. HDF intends to revitalize the struggling dairy industry in
Hawaiᦣi.

 ʹǤ  ஒǡ  
 Ǥ

The following responses incorporate research done by Group 70 and our associated technical consultants.

OF COUNSEL
5DOSK(3RUWPRUH)$,&3
+LWRVKL+LGD$,$

)UDQFLV62GD$UFK' )$,$/(('$3
1RUPDQ*<+RQJ$,$
6KHU\O%6HDPDQ$,$$6,'/(('$3
5R\+1LKHL$,$&6,/(('$3
-DPHV,1LVKLPRWR$,$
6WHSKHQ<XHQ$,$
/LQGD&0LNL$,$
&KDUOHV<.DQHVKLUR$,$/(('$3
-HIIUH\+2YHUWRQ$,&3/(('$3
&KULVWLQH0HQGHV5XRWROD$,&3/(('$3
-DPHV/6WRQH$,$/(('$3
.DWKHULQH00DF1HLO$,$/(('$3
7RP<RXQJ0%$$,$
3DXO70DWVXGD3(/(('$3
0D5\.LP5,%$$5%
&UDLJ7DNDKDWD$,$

TO:

Group 70 International, Inc. $UFKLWHFWXUH3ODQQLQJ (QYLURQPHQW&LYLO(QJLQHHULQJ,QWHULRU'HVLJQ7HFKQRORJ\
%HWKHO6WUHHW)LIWK)ORRUŏ+RQROXOX+DZDL·L 96813-4398 ŏ3+  -ŏ)$;  -5874

MEMORANDUM

2

Replacement animals will be moved off-site and will be replaced at roughly one replacement animal for one mature
dairy cow at HDF. The replacement animals will be managed on off-site ranches and will not contribute manure or
added nutrients to the HDF project site. Cows in various stages of lactation and rest will be transferred between
HDF and other ranches as needed for animal health and dairy productivity. The availability of calves from a dairy
such as HDF provides new animals to maintain or expand a beef herd. Each ranch will determine its capacity based
on business and operational goals. Two ranches on Kaua‘i have initially expressed an interest in taking HDF calves
and cows. Manure from these off-site animals grazing is not being reused or applied to crops for fertilization

Mortality rates on the farm are projected to be less than 5 percent annually. These rates apply to producing cows,
baby calves (less than 60 days old), as well as stillborn animals. Producing cows will have lower mortality rates
than newborn or young stock.

Therefore, the estimated total number of animals of 892, presented by the commenter, is incorrect, as the numbers
provided by HDF in the EIS include both lactating and dry animals, and the expected number of calves. The EIS will
include the environmental impacts of the total animal numbers on the farm, based upon the total number of
mature dairy cows on the farm, including both lactating and dry animals, and the expected number of calves.

At any given time, HDF will have a total of up to 699 mature dairy cows, including both lactating and dry cows in
the proposed project or up to 2,000 mature dairy cows in the contemplated project. Non-milking or dry cows will
be managed off-site. It can be conservatively assumed that there will be approximately 85 percent milking and 15
percent dry animals on the farm at any given time. Therefore, calculations to determine manure effluent pond
capacities and manure collection volumes per day, at the milking facility, are slightly conservative as dry cows will
not enter the milking parlor as they will not be milked. However, the total number of animals in terms of manure
production and nutrient excretions on the entire farm and pastures are estimated to include both lactating and dry
animals.

 Ͷǣ    Ǥ

References to the CNCPS model calculations can also be found in peer review scientific literature, namely, in the
Journal of Dairy Science 98:6361–6380 The Cornell Net Carbohydrate and Protein System: Updates to the model
and evaluation of version 6.5 M. E. Van Amburgh, et. al. and also in the JDS 95 :2004–2014 Development and
evaluation of equations in the Cornell Net Carbohydrate and Protein System to predict nitrogen excretion in
lactating dairy cows R. J. Higgs, et. al. and JDS 81: 2029 - 2039 Evaluation and Application of the Cornell Net
Carbohydrate and Protein System for Dairy Cows Fed Diets Based on Pasture Kolver, E.S. et al.

The commenter’s manure production and nutrient excretion estimates table, based upon “book values” of the
ASABE Standard, uses the publication Dairy NRC 1988 for diet formulations and input (NRC is the National
Research Council that published a handbook, “The Nutrient Requirements of Dairy Cattle”). The 28 year old Dairy
NRC 1988 is the predecessor of the most recent NRC publication, last updated in 2001. Because of obsolescence
associated with these NRC predictions, the 2015 CNCPS model was used for HDF calculations.

NRCS Conservation Practice Standard Code 590 – Nutrient Management allows for the use of realistic nutrient
inputs when planning for nutrient outputs. The manure production and nutrient excretion estimates from the
CNCPS model are more accurate and represent farm specific animal inputs, dietary inputs from available grass
trials from the HDF site, and incorporate changes in farm management, genetics, and nutritional advances.
Therefore the CNCPS model is more accurate than if manure excretion and nutrient output was based upon “book
values”.

CNCPS model uses more realistic nutrient inputs. ASABE is a simplified and general standard last updated in 2005.
The ASABE calculations were reasonably correct in year 2000 but have not accounted for changes in genetics,
management systems, and nutritional advances over the past 16 years. The ASABE equations, unlike the CNCPS
system, does not use farm specific animal, environmental, and dietary inputs to determine its manure production
and nutrient excretion estimates, and instead uses “book values”.

3

While the comments utilize the ASABE equations and standard to estimate manure production and nutrients
excreted, the CNCPS provides a much more accurate accounting of manure and nutrients on the farm, and for a
pasture-based, rotational-grazing dairy system. It is true that the Standard D384.2 Manure Production and
Characteristics (ASABE, 2005) can be and is still used today to estimate manure production and nutrient excretion.

As previously stated, HDF has utilized the Cornell Net Carbohydrate and Protein System (CNCPS) model to
estimate and calculate its manure production from the committed and contemplated herd sizes of 699 and up to
2,000 respectively. The results of that model show that the cow will produce 90.8 lbs of manure per day, which is
reasonable and realistic for a pasture-based, rotational-grazing dairy system and not underestimated, and is
sufficient for planning for nutrient management of a new dairy operation.

 ͶǤ       Ǥ

The DEIS has also been revised to eliminate the inconsistency in the overall milk production estimated for the
entire year. The correct annual milk production estimate for HDF is nearly 1.5 million gallons at the committed
herd size of 699 mature dairy cows.

As the commenter states, milk production numbers are taken into account into the manure production estimates,
but are not required to be provided as part of a nutrient balance calculation such that the proper feed inputs and
manure outputs are utilized in the calculations. The potential environmental impact is from the manure
production and not specifically the milk production numbers. While manure production is dependent on the milk
production – the environmental impacts can be measured by manure production numbers only. Other factors
related to milk production, such as traffic (truck loads), etc., are described in the EIS.

HDF has provided manure production quantities in Appendix D, Nutrient Balance Analysis to the EIS. HDF
estimates that each mature dairy cow will produce 90.8 lbs. of manure per day. To obtain this quantification, HDF
and its consultants utilized the Cornell Net Carbohydrate and Protein System (CNCPS) model. Within this model,
farm specific animal types, dietary inputs, forage inputs, and other environmental considerations are used to
estimate manure production as well as milk production numbers on a per cow per day basis.

 ͶǤ     Ǥ

As mentioned and acknowledged in the comment, the calves moved off-site will need to be raised by growers and
off-site ranchers. The total number of animals allowed upon these off-site ranches is not regulated by the State of
Hawaiᦣi and County of Kauaᦣi on properly zoned and entitled ranch properties, because manure from these off-site
animals is not being reused or applied for nutrient and crop fertilization purposes, and the animals will only be
grazing.

However, as noted above, the number of mature dairy cows on the farm will not exceed 699 in the proposed
project or up to 2,000 in the contemplated action. Therefore, this comment is incorrect as it does not account for
the proper number of animals. HDF estimates 150 calves to be on-site for the 699 mature dairy cowherd size and
not 205 calves that is incorrectly estimated by the commenter. HDF’s estimate is based upon the advice and
expertise of HDF’s dairy manager, as well as national dairy consultants, and aligns with the planned management
of the farm.

Review of a Waste Management Plan (WMP) is a function of the Wastewater Branch of the Department of Health
(DOH) in accordance with the DOH Guidelines for Livestock Management (2010). The WMP review process is not
part of an Environmental Impact Statement, or subject to public review and comment.

 ͶǤ  ǯ Ǥ

purposes, so the State and County do not regulate the total number of animals on these sites. Therefore, housing of
off-site animals will comply with applicable rules and regulations.
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Excretions regarding off-site animals were not ignored. Based upon arrangements with off-site ranchers and
managers for the replacement herds, the animals held off-site for HDF will either replace existing animals at a 1:1
ratio, or will be added to these off-site locations. The total number of animals allowed upon these off-site ranches
is not regulated by the State of Hawaiᦣi and County of Kauaᦣi on properly zoned and entitled ranch properties,
because manure from these off-site animals is not being reused or applied for nutrient and crop fertilization
purposes, and the animals will only be grazing.

As previously mentioned, the total number of animals on the farm will include 699 mature dairy cows, including
both lactating and dry animals, as well as 150 calves, or up to 2,000 mature dairy cows including both lactating and
dry animals, as well as 500 calves. All manure and nutrient excretions from the total number of animals are
provided in Section 8 of the Nutrient Balance Analysis. Refer to the previous responses regarding discussion on
the quantity of manure or nutrients, based upon the CNCPS model versus ASABE “book values” which do not take
into account farm specific and field-tested data from HDF’s site, or account for 16 years of changes to management
systems, genetics, or nutrient and diet advances.

 ͶǤ   Ǥ

HDF updated its 2014 WMP for up to 699 mature dairy cows to reflect refinements identified during the planning
process and field-tested data. HDF operations, as documented in the original and updated WMP, are reflected in the
EIS, and are consistent with Appendix D, Nutrient Balance A ᦣ Ǥ DOH has reviewed the
updates and its comments have been sufficiently addressed (no further comments).

While the commenter mentions the Updated Waste Management Plan submitted to the DOH in May 2016 as well,
that document is not part of the EIS. Review of a Waste Management Plan (WMP) is a function of the Wastewater
Branch of the Department of Health in accordance with the DOH Guidelines for Livestock Management (2010). The
WMP review process is not part of an Environmental Impact Statement, or subject to public review and comment.

Additionally, the total manure excretion over a 24-hour period is misrepresented as 16.32 gallons per cow, when
the NBA clearly states that the total cow manure produced per day is 10.9 gallons per cow, determined by the more
accurate CNCPS model. The comment intentionally uses the conservative hourly estimate of manure production
described (for 16 hours), that it believes is incorrect, and then applies it over the entire 24-hour day in a fashion to
exaggerate results. The overall manure production per cow per day is 90.8 lbs. or 10.9 gallons, regardless of if the
production is uniform or not, throughout the day. This is the basis of all calculations.

Manure produced per day per mature dairy cow = 90.8 lbs. per day = 10.9 gallons per day. This value is for the
entire 24-hour day, and includes periods when the cow is awake, resting, milking, or walking. Therefore, on a true
24-hour cycle, the cow produces only 0.45 gallons per hour. However, HDF has conservatively estimated that the
cow manure amounts used in the effluent pond sizing would be based upon the assumption that the majority of
manure will be produced while awake (16 hours total, 14 hours in the pasture or walking, 2 hours in the parlor).
Therefore, in a 16-hour period, the cow produces 0.68 gallons per hour using the same overall manure production
of 10.9 gallons per day. This results in a larger capacity effluent pond system, designed to store more manure
captured within the 2 hour milking time at the parlor, and is reflected in the DEIS and the Nutrient Balance
Analysis. Based upon the reasoning in the comment, HDF could have elected to size the ponds for 0.45 gallons per
cow per hour, resulting in a smaller capacity pond system, but did not.

Additionally, the calculations within the comments are misrepresented, erroneous, and not based upon the farmspecific and field-tested values provided in the Nutrient Balance Analysis:

However, ASABE is a simplified and general standard last updated in 2005. The ASABE calculations were
reasonably correct in year 2000 but have not accounted for changes in genetics, management systems, and
nutritional advances over the past 16 years. The ASABE calculator, unlike the CNCPS system, does not use farm
specific animal, environmental, and dietary inputs (i.e. grass quality and nutrient content) to reach its manure
production and nutrient excretion estimates. Refer to the previous comment responses as well.

     Ǥ

State of Hawai‘i Department of Health (DOH). January 19 2010. Guidelines for Livestock Management.
       ᦣ  Ûǡ    ǡ
College of Tropical Agriculture and Human Resources, West Maui Soil & Water Conservation District,
USDA – Natural Resource Conservation Service, U.S. Environmental Protection Agency – Region 9.
Natural Resources Conservation Service (NRCS) Pacific Islands Area. November 2012. Conservation
Practice Standard - Nutrient Management Code 590. Field Office Technical Guide (FOTG) Section IV.
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Additionally, because the soils are so deficient in nutrients, there is no impact from uniform application. As the
farm is in operation, an adaptive nutrient management process will commence to identify specific Conservation
Management Units, scheduled for different management techniques. Soil, forage, and manure testing and analysis
will inform any adjustments needed for the different management zones to efficiently and properly apply nutrients
to maximize nutrient uptake.

As confirmed by the “Hawai‘i Dairy Farms Baseline Nutrient Status: Implications for Long-Term Sustainability,
Productivity, and Soil Health” soils report by Dr. Russell Yost, Nicholas Krueger, at the University of Hawai‘i at
¢ǡ  ǡ Ǥ
While each grouping may require separate management techniques in terms of its physical, chemical, and nutrient
properties, including pH, salinity, percolation and infiltration, nitrogen and phosphorus concentrations, etc., yield
goals exceeding 20 tons of DM per acre per year are achievable, are not expected to vary by soil type or soil
management measures, and are supported by two years of grass trials. Therefore, for the purposes of the Nutrient
Balance Analysis, and in accordance with NRCS and DOH guidance, nutrient mass balance assessments were
considered for the pasture areas using uniform grass yields and nutrient uptake numbers, as part of planning for
the farm’s operation.

Additionally, for the committed herd size of 699 mature dairy cows, HDF’s Waste Management Plan (July 2014,
Updated May 2016) identified Conservation Management Units (CMU), which typically consisted of around 5
paddocks, grouped based upon proximity and underlying soil types. The purpose of the CMU’s was to identify
where potentially different nutrient management techniques could be used amongst the different CMU’s, based
upon soil types (i.e. the timing, placement, and specific amounts of nutrients applied would be adaptively managed
as much as practical to meet the agronomic need of the crop). While the Waste Management Plan identified these
management units, the overall nutrient application recommendations (nutrients per month or per year) for each
CMU were consistent among each other based upon soils testing data from Spectrum Analytics. Each CMU is
anticipated to be able to produce the anticipated grass yields, based upon field trials. HDF would prepare a similar
plan for a herd size that would exceed 699 mature dairy cows on the farm, as required by applicable State and
Federal laws.

HDF’s Nutrient Balance Analysis meets both standards listed above in terms of assessing nutrient mass balance.

HDF will follow an adaptive nutrient management process, as prescribed in the Guidelines and Conservation
Practice Standards, which will be adjusted and monitored as the farm is established and grass nutrient content,
manure testing, and milk production numbers are confirmed. In planning for the establishment of the pasturebased dairy, HDF is using realistic grass yield values and nutrient content projected from site-specific field trials,
climatic conditions, soil nutrient sampling data, and other environmental conditions to consider nutrient
management and appropriate application rates. Nutrient timing and application will not exceed the agronomic
need of the kikuyu crop.

Ȉ

Ȉ

Hawaiᦣi Dairy Farms will comply with the conditions and requirements as set forth by:

 Ͷ Ǥ

Irrigated areas and irrigation types by area. See Section 6 of the NBA.
Nutrient application rates (in lbs. per month by nutrient type). See Section 8.4 of the NBA.
Nutrient application rates by application type. See Section 8.4.4 of the NBA.
Productivity (in tons DM per acre per year). See Section 8.3.5 of the NBA.
Nutrient Uptake (in lbs. per ton DM). See Section 8.3.5 of the NBA.
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From a nutrient balance and nutrient accounting standpoint, the annual weighted yield average accounts for the
lower yields expected from non-irrigated portions of the pasture and during the winter months, and incorporates
that into the nutrient uptake (an overall lower yield average means less overall nutrient uptake). Proper
management of the farm’s operation, by season, is critical to ensure that the non-irrigated areas are utilized
properly, especially in the winter months.

HDF will also manage the application of nutrients from each application type (as-excreted, liquid effluent, slurry)
based upon if the field is irrigated or non-irrigated. Irrigated fields with higher yields may be utilized more in the
18-day rotation cycle, while non-irrigated fields with lower yields will be utilized less as part of the 18-day rotation
depending on the yields obtained, to ensure that nutrients are not over applied.

Incorporating these factors into the grass yield estimates, HDF believes that 16.3 tons of DM per acre per year is a
conservative, reasonable, and realistic weighted annual yield goal which meets NRCS Conservation Practice
Standard - Nutrient Management Code 590 requirements for both irrigated and non-irrigated fields combined and
accounts for seasonal variability. Code 590 requires that a realistic yield goal be used in the planning of a new
dairy operation. The 16.3 tons of DM per acre per year is a conservative production estimate, considering the
irrigated fields can yield over 20 tons of DM per acre per year in the summer and between 15-18 tons DM per acre
per year in the winter. It also takes into account the reduction in yields from non-irrigated fields. Once the farm is
in operation, HDF will adaptively manage the timing and placement of nutrient, in conjunction with the expected
and realized yields of the paddocks, to ensure that there is no over-application of nutrient and that the timing of
application is as close as practical to meet the agronomic need of the crop.

Farms n’ Forages also has experience with non-irrigated pastures in Hawaiᦣi and have previously measured
approximately 30 to 40 percent greater yields in irrigated pastures than in non-irrigated pastures. Approximately
74% of HDF’s pastures are irrigated and 26 percent are non-irrigated, and must be taken into account in the yield
estimates, as noted by the comments.

Regarding the yields for non-irrigated pasture, HDF has conducted more than 2 years of grass yield trials on HDF
sites, and has engaged Farms n’ Forages to complete these trials. Farms n’ Forages has extensive experience in
grass and forage production on each of the major islands in the Hawaiᦣi. Based upon the field trials, utilizing
primarily Kikuyu grass mixed with some guinea grass, and interspersed with diversified forages from November to
March, average annual yields on the HDF site can be estimated and range from 17 tons DM per acre per year to
over 20 tons DM per acre per year, with appropriate fertilizer as recommended by the HDF’s grass & forage expert
and irrigation applications that do not exceed the agronomic need of the crop. Monthly yield values often exceeded
20 tons DM per acre per year in the summer months and lowered to between 15 and 18 tons DM per acre per year
in the winter months (with diversified forage). This was verified by forage testing and on-site soil sampling
performed by Farms n’ Forages (grass yields), Spectrum Analytics (soils and fertility recommendations),
Cumberland Valley Analytic Services (grass nutrient) as well as Dr. Yost (soils and fertility recommendations).

1.
2.
3.
4.
5.

Many of the additionally requested items from the comments are provided:

As mentioned, a supplemental Waste Management Plan will be prepared if HDF anticipates moving past the
committed herd size of 699 mature dairy cows, and will continue to be amended should HDF approach the upper
limit of up to 2,000 cows (HDF will likely add additional livestock incrementally and to the carrying capacity of the
farm). This plan is not required at this time as the committed herd size is 699 mature dairy cows. However, it is
mentioned because the plan must be submitted and reviewed by DOH, similar to HDF’s currently reviewed plan for
operations of up to 699 mature dairy cows.
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Pit bottoms will be level, and carcasses will be placed in a single layer and covered with at least 2 feet of organic
material. Multiple layers may be created, if needed, with subsequent burials, or additional area within the cemetery
paddock may be used as needed. Based on preliminary analysis, HDF does not anticipate encountering
groundwater in the cemetery paddock area when excavating the pits. The cemetery area will not be grazed and
will be fenced.

A containment berm will be created around the pit area to prevent both run-off on to, and from, the cemetery site.
Six (6) pits, approximately 20’ x 40’ overall and 8 to 10’ deep, are designed to accommodate carcasses of up to 150
cows and 360 calves or stillborn animals at any given time, sized to accommodate anticipated mortality numbers
for the contemplated herd size of up to 2,000 mature dairy cows. The design is provides approximately 2 years of
cemetery capacity. Individual pits within the area will be a minimum of 2-feet wide with a length appropriate to
bury the carcass. Pits will be lined in accordance with NRCS Conservation Practice Standard, Animal Mortality
Facility Code 316, to protect groundwater quality. Each animal carcass will be dusted on all sides with ground
limestone. The bottom of each pit will be also dusted. Pits can be reused every 18 to 24 months, which is the
typical time for a carcass to decompose.

Site selection criteria for the cemetery paddock included protection from prevailing winds, and distance more than
100 feet away from any drainageway, 200 feet from any natural watercourse, 300 feet from any well, and more
than 20 feet from any buildings. Within the cemetery paddock, pits will be sited based on soil suitability and slope.
An area of approximately 5,000 square feet is needed for the animal cemetery at the contemplated herd size of up
to 2,000 mature dairy cows, which is a fraction of a 3- to 5-acre paddock.

HDF has adequately planned its cemetery site and incorporated Best Management Practices required to protect
water resources surrounding the HDF site. The anticipated animal mortality rate for HDF is typically less than 2
percent for productive cows. Greater numbers of animal mortality are expected for the young and stillborn calves,
consisting of between 4 percent and 5 percent of the herd size. The animal cemetery is specifically located on the
north side of the farm, in an area of relatively flat pasture.

 Ͷ ǤǤ

At the 2,000 contemplated herd size and 16.3 tons of DM per acre per year, phosphorus applications per month are
projected to exceed the demand of the crop at 16.3 tons DM per acre per year. HDF will adaptively manage the
nutrients in this scenario and either manage a herd size less than 2,000 (HDF will incrementally increase animals
such that there is no actual over application), or could realistically see yields greater than 16.3 tons of DM per acre
per year over the entire farm, even with irrigated and non-irrigated areas or seasonal variability taken into
account, which would mean that all sources of manure would not meet the plant requirement at a higher yield.

Many of the remaining questions are answered in various sections of the DEIS. The commenter is requested to
review the other sections with respect to the amount of commercial feed required and milk production. While
related to nutrient balance, they are not the end results. The end results are specified in the Nutrient Balance
Analysis showing that the animal sources of nutrient are not enough to support the grass growth required within
the committed herd size of 699 mature dairy cows. At 16.3 tons of DM per acre per year of production, a weighted
average amongst irrigated and non-irrigated fields at HDF’s site and accounting for seasonal variability, additional
commercial nitrogen and fertilizer will be required. The amount of grass produced will satisfy a majority of the
cow’s diet.

HDF also plans to utilize reserve forage to reduce the amount of commercial feed it needs to bring in as the amount
of grass forage does not provide for all of the nutrients the cow requires. Excess forage, which may be gathered in
higher yielding months, would allow for supplementing with reserve forage in lieu of commercial feed during
lower yielding months. Paddocks not utilized may be harvested via the swathing and baling of the grass. These
bales will be stored for use in the winter months or used to supplement feed.

An irrigation setback of 50’. No irrigation with effluent is allowed within 50’ of the drainageways
on the HDF site. Irrigation with non-effluent water (i.e. water from Waita Reservoir only) would
occur to ensure proper vegetation growth of the remaining paddock area outside of the 35’ fenced
setback or of the 35’ vegetated buffers themselves.

2.
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The 35’ vegetated buffers will not be regularly mowed but will be maintained to protect water quality and reduce
overgrowth to maintain flow capacities of the drainageways. Plant matter removed from the buffers will not be
discharged directly into the water resource.

A physical setback of 35’. No dairy animal is physically allowed within 35’ of the drainageways on
the HDF site (fenced off). In addition, these 35’ areas will be vegetated to protect water quality
within the drainageways, in accordance with NRCS Conservation Practice Standards and guidance.

1.

The main drainageways within the HDF property have two setbacks:

 Ͷ Ǥ  Ǥ

Refer to comment response to comment 4E.

 Ͷ Ǥ    Ǥ

HDF may also consider procuring and installing an incinerator to use for managing mortality on the farm. The
incinerator would meet the appropriate guidance from NRCS Conservation Practice Standard – Animal Mortality
Code 316 as well as State and EPA emissions regulations, to ensure no adverse air quality impact from the
incinerator operations.

9

Determination of the project purpose and need is explained in Chapter 2 of the EIS. Alternative locations were
evaluated early on in the formation of the HDF project. With a common interest in agricultural self-sufficiency for
ᦣǡ  ǡ  ǡ ǡƬ
Pineapple to conduct conducted grass trials on four islands to identify lands capable of producing nutritious forage
for dairy cows. Additional operational needs for a pasture-based dairy were identified. Only two sites, both on the
  ᦣ      ǡ         forage and
operational needs. A successful dairy venture requires a long-term lease, ample water source, and relatively flat
 Ǥ¢¢ᦣóǤ

 ͶǤ   Ǥ

HDF anticipates that only one small trash dumpster will be required to handle solid wastes from the facility and
farm per week. No feed bags will be used as trucks will bring feed in to a storage silo, and wastes will typically
consist of containers and bags for items such as herbicides, pesticides, and sanitizers, as well as paper towels and
other waste typical of agricultural and dairy operations. Pharmaceuticals will be disposed of properly in biohazard
bags but are not anticipated in large quantities.

HDF’s operation will generate solid wastes, as any other commercial or agricultural operation would, that must be
properly disposed of at appropriate County of Kauaᦣi trash and solid waste facilities. However, the generated
waste will not negatively impact the municipal refuse operations on Kauaᦣi.

 ͶǤ   Ǥ

For HDF operations at the contemplated herd size of up to 2,000 mature dairy cows, additional vehicular trips are
projected at 11 more per day than at the committed herd size. The projected trips totaling 23 vehicles per day
would include employees and delivery vehicles, and represents an increase in the regional traffic of less than onethird of one percent (approximately 0.30 percent).

At the committed herd size of 699 cows, 12 vehicle trips per day would result from HDF operations over the longterm. A summary of all regional traffic with projections to 2035 is shown in Table 4.18-1 of the EIS; HDF trips
would increase projected traffic by less than one-twentieth of one percent (0.17 percent).

The EIS sections labeled “Roadways and Traffic” (Sections 4.18.2, and 4.24.2) identifies the types and number of
vehicular trips to and from HDF along county and state roads in the area for both the committed herd size of 699
mature dairy cows, and the contemplated herd size of up to 2,000 mature dairy cows. Vehicles include milk trucks,
initially one truck every two days at the committed herd size and increasing to two per day at the contemplated
herd size; delivery trucks for sand and feed initially three truck loads per week, increasing to four to five per week
at the larger contemplated herd size. A farm truck with stock trailer to move animals to and from off-site ranches is
initially anticipated at less than one per day, increasing to two daily trips with the contemplated herd size.
Employees, veterinarians, inspectors, and vendors are also included in the daily trip counts.

Section 4J.                 
Ǥ
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The “inference” that DOH would not approve of any manure slurry application via the gun system is erroneous:

In a June 15, 2016 letter, DOH asked for confirmation that the areas previously designated for drip irrigation using
only irrigation water, now planned for gun-irrigation (61.4 acres outside of the pivot extent in the southwest
portion of the farm), would use irrigation water from Waita Reservoir and liquid effluent from the storage ponds
would not be applied by the gun irrigators. Group 70 responded in a July 6, 2016 letter that this particular area
will not receive effluent water from the storage ponds via the gun system and will utilize irrigation water only from
Waita Reservoir. In a final July 13, 2016 letter response, DOH indicated there were no further comments.

HDF updated its 2014 WMP for up to 699 mature dairy cows to reflect refinements identified during the planning
process and field-tested data. HDF operations, as documented in the original and updated WMP, are reflected in the
EIS, primarily in Appendix D, Nutrient Balance A ᦣ Ǥ

To put the question into context, DOH requested a single clarification to the Waste Management Plan Updates
submitted to DOH in May 2016. Review of a Waste Management Plan (WMP) is a function of the Wastewater
Branch of the Department of Health (DOH) in accordance with the DOH Guidelines for Livestock Management
(2010). The WMP review process is not part of an Environmental Impact Statement, or subject to public review
and comment.

Footnote Page 4: The Hawaiஒi Department of Health (HDOH) sent a letter to Mr. Paul T. Matsuda at Group
70 International on 15 June 2016 (HDOH, 2016) stating that wastewater effluent from the proposed
storage pond should not be distributed via irrigation gun. Presumably, HDOH would also object to
distributing manure slurry from the settling pond via irrigation. Thus, it is not clear that the proposed
slurry distribution methodology is feasible from a regulatory perspective

The following responses incorporate research done by Group 70 and our associated technical consultants.
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MEMORANDUM

The comment from DOH regarding the WMP Update submitted in May 2016 purely focused on the
gun-irrigation of liquid effluent from the storage ponds and not a slurry mixture. No gun-irrigation
of liquid effluent is proposed anywhere on the farm. All liquid effluent is applied via the center
pivot system.

DOH has reviewed HDF’s Waste Management Plan (WMP) for the 699 cow scenario, dated July 23,
2014, which indicated gun-applied slurry in certain other areas, and had no comment.

Application of manure slurry is recommended by the DOH, “Slurries may be distributed through an
irrigation system equipped with nozzles that have a large opening.” Refer to: State of Hawai‘i
Department of Health (DOH). January 19 2010. Guidelines for Livestock Management. Prepared in
collaboration with the University of Hawaiᦣi at ¢, Cooperative Extension Service, College of
Tropical Agriculture and Human Resources, West Maui Soil & Water Conservation District, USDA –
Natural Resource Conservation Service, U.S. Environmental Protection Agency – Region 9.
Appendix Page B.13, #6 - Utilization.

The data used included the project site’s topographic survey and publicly available elevation
models provided by USGS (see Figure 3 in the report). Refer to Figures 8 and 9 for ditch location
and flow patterns on the site. Refer to Tables 3 and 5 for time of concentration inputs into the TR55 model, including lengths of flow, slopes, and surface conditions.

3.

2

The purpose of the analysis was to determine if there were any negative impacts from the proposed project
compared to existing conditions, from the development of the site into a dairy farm. Because HDF will improve
pasture conditions and incorporate kikuyu grasses with a thick thatch, peak runoffs will be attenuated and
reduced. There is no negative impact to existing infrastructure from a project that reduces peak runoff and peak
flows.

10. It does not appear that calculated peak design flow rates were used to evaluate existing drainage
structures at the HDF site.

Table 3 of the report contains a typographic error, only, in the SCS curve number (CN) identified. The CN for
Mahaulepu Ditch East should read 69 and has been updated in the report. The related calculations utilize a CN =
69 and the results reflect the correct value of CN = 69.

9. Appendix K seems to employ an incorrect SCS curve number for areas draining to “Mahaulepu Ditch
East.”

Inputs into the TR-55 model are provided in Tables 3 and 5. Outputs are provided in Tables 3 and 5
and the appendix.

Design calculations for runoff from the 9.7 acre HDF headquarters area specifically are not required
at this time, as the majority of runoff from impervious surfaces at the facility drain into the effluent
ponds and are accounted for in the design of the effluent ponds. The 9.7 acre headquarters area site
piping design and sizing to ensure adequate conveyance, based upon applicable codes and
standards, and will be completed following acceptance of the EIS. The runoff from the remaining
area around the facility flows overland towards the pasture, and the increase in runoff from existing
conditions from these remaining areas is negligible compared to overall sources of contributions of
runoff within the valley.

2.

1.

8. Appendix K provides insufficient details on hydrologic drainage design calculations.

3.

2.

1.

3

Ultimately, the SWMM model used by Exponent claims there is a relative increase in runoff from existing
conditions to proposed conditions. This claim is erroneous because the Exponent comments are based on
unrealistically high rainfall rates, combined with constantly saturated ground conditions due to constant irrigation
at rates planned for average conditions. This is unrealistic and in no way how HDF will operate. The model’s
water balance assumes 141.23 inches of irrigation and rainfall per year which is clearly not the case. It assumes
the worst rainfall year within the last nearly 60 years, along with maximum irrigation at all times. The NBA and
irrigation section clearly states that HDF will not irrigate more than the grass crop demands. Additionally, a 2year, 24-hour event with 4.78 inches of rainfall contributing 1,896.9 cubic feet per second (cfs) of peak flow (HDF-

Additionally, the comment compares two completely different ways of calculating runoff (Exponent Model and
HDF Hydrology Assessment). The storm events presented by the Exponent comments are for events of varying
durations and intensities that are not specified for use by the NRCS in calculating runoff. The TR-55 model used by
HDF, follows the NRCS Conservation Practice Standards for use to calculate runoff from agricultural project sites.
The TR-55 model calculates runoff from 24-hour events at multiple recurrence intervals (2-year, 10-year, 25-year,
50-year).

If the cutoff ditches are maintained as planned (and as agreed by the landowner), run-on towards the site will be
significantly reduced (as it will be diverted along the valley walls and downstream of the HDF site), and therefore
the potential for surface runoff through and from the paddocks is significantly reduced. This will reduce the
amount of potential nutrient discharge through surface runoff, which is why the estimation of nutrient loss
through surface runoff, utilized in the water quality assessments in the DEIS, is minimal from the farm site. Most of
the rainfall will remain on-site and be absorbed by the soil for use by the crop.

Runoff was conservatively estimated as though the older and previously not-maintained, off-site cutoff ditches on
the uphill side of the HDF site were unable to divert any flow from running onto the site from the steep slopes. In
the proposed condition, again, it was conservatively estimated that run-on to the site would occur if by chance the
cutoff ditches were blocked. This conservative estimation allows HDF to plan for worst-case scenarios in terms of
the amount of run-on into the HDF site from upslope areas.

11. It appears that important watershed features were not considered in the evaluations contained in DEIS
Appendix K

The problem with the commenter’s approach is the assumption that HDF will be irrigating at rates for average and
somewhat dry conditions during periods of what the commenter assumes will be exceedingly wet conditions based
on the use of unrealistically high modeled rainfall rates, which it will not. HDF will irrigate to meet the agronomic
needs of the Kikuyu grass crop. This erroneous assumption is apparent in the SWMM model of the HDF site under
“project” conditions (Figure 8 on page 19 of the Exponent report). The most glaring of these is the input of rainfall at
1,102 MG/year (72.86 inches/year) and irrigation at 1,034 MG/year (68.37 inches/year). That total of 141.23 inches
per year would have the site as a perpetual mud bog and the total is 3.3 times the Kikuyu grass ET. Obviously, there is
no way the HDF project would be operated in this manner. This result bears no resemblance to reality. It is a
completely unrealistic misrepresentation of how conditions will be when the HDF site is in operation (Nance).

Peak flow rates from the SWMM model presented in the comments are not representative of the project site, and
simply unrealistic. Rainfall data used in the SWMM model was from a gauge in Lihue, not Mahaulepu. The 1,102
million gallons (MG) per year of precipitation is equivalent to 72.86 inches per year over the HDF’s site of 557 acres.
Rain gage 941.1 is located at the makai end of the HDF site. The last time the annual rainfall was that high was in
1957, some 59 years ago. The modeled rainfall rate is unrealistically high (Nance).

Specific hydraulic analysis of existing drainage structures will be done when the farm construction plans are
prepared and if existing structures must be upgraded to adequately convey run-on and off-site flows, those
structures will be identified and improved to ensure proper conveyance, according to applicable codes and
standards.
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With no increase in peak flow, there is no negative downstream impact to Waiopili Ditch. In fact, peak flows would
be attenuated by the pasture conditions. The 35-foot vegetated buffers will be established in accordance with
NRCS Conservation Practice Standard Code 390 and guidance, intended to improve water quality by slowing
runoff, filtering pollutants and pathogens (University of Wisconsin Agricultural Extensionhttp://www.extension.umn.edu/agriculture/manure-management-and-air-quality/manure-pathogens/bestmanagement-practices/#table), and reduce runoff flows. On-site retention areas adjacent to raised cow raceways
will also hold water on the farm for use by the crop. Erosion downstream will be minimized and water quality is
expected to improve.

               ¢¢ᦣó  
immediately south of the project site. For the 10-year storm event, peak flow leaving the project site will be
reduced by 257 cubic feet per second (cfs); for the 25-year storm event, reduced by 283 cfs; and for the 50-year
storm event, reduced by nearly 300 cfs (Section 3.3.2.3).

No increases in flow as part of the HDF project are anticipated due to the cultivation and establishment of good
condition pasture. The TR-55 model, expectedly, reduces the CN for “good”, well-maintained pasture versus “fair”
or “poor” pasture and is not subjected to unrealistically high irrigation amounts such as in the SWMM model
provided by the comments. It is odd that the comment would say the increase in the pasture condition would
reduce the CN number within the TR-55 model, but also states there will be an increase in the peak flow rates. This
is only because the commenter assumes that HDF will be irrigating its pasture non-stop and the pastures will
always be saturated.

See previous response to comment #11.

13. Appendix K hydrologic modeling fails to evaluate potential erosion impacts in the Waiopili Stream
downstream of the project site.

See previous response to comment #11. Exponent’s model assumes the fields are constantly rained upon based on
worst-case Lihue weather data that does not even apply to Mahaulepu. It assumes the fields are over-irrigated
with constant irrigation using irrigation values that are noted for dry weather conditions, and therefore the fields
are always saturated. This is not supported and is in no way how HDF will operate.

12. It appears that the hydrologic modeling in DEIS Appendix K failed to consider the impact of irrigation
practices on soil moisture, and thus may not have represented design peak flow rates downstream of the
HDF site accurately.

Calculated) compared to a 12-hour event with 6.01 inches of rainfall contributing 363 cfs or 490 cfs of peak flow
(Exponent-Calculated) would appear to show less total runoff from a nearly 1,800 acre contributing watershed and
development of the project.
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In a June 15, 2016 letter, DOH asked for confirmation that the areas previously designated for drip irrigation using
only irrigation water, now planned for gun-irrigation (61.4 acres outside of the pivot extent in the southwest
portion of the farm), would use irrigation water from Waita Reservoir and liquid effluent from the storage ponds
would not be applied by the gun irrigators. Group 70 responded in a July 6, 2016 letter that this particular area
will not receive effluent water from the storage ponds via the gun system and will utilize irrigation water only from
Waita Reservoir. In a final July 13, 2016 letter response, DOH indicated there were no further comments.

HDF updated its 2014 WMP for up to 699 mature dairy cows to reflect refinements identified during the planning
process and field-tested data. HDF operations, as documented in the original and updated WMP, are reflected in the
EIS, primarily in Appendix D, Nutrient Balance A ᦣ Ǥ

To put the question into context, DOH requested a single clarification to the Waste Management Plan Updates
submitted to DOH in May 2016. Review of a Waste Management Plan (WMP) is a function of the Wastewater
Branch of the Department of Health (DOH) in accordance with the DOH Guidelines for Livestock Management
(2010). The WMP review process is not part of an Environmental Impact Statement, or subject to public review
and comment.

ͳͳǣ ஒ Department of Health (HDOH) sent a letter to Mr. Paul T. Matsuda at Group
70 International on 15 June 2016 stating that wastewater effluent from the proposed storage pond should
not be distributed via irrigation gun. Presumably, HDOH would also object to distributing manure slurry
from the settling pond via irrigation gun. Thus, it is not clear that the proposed slurry distribution
methodology is feasible from a regulatory perspective

The following responses incorporate research done by Group 70 and our associated technical consultants.
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MEMORANDUM

2

HDF coordinated the collection of grass samples beginning September 2, 2014 and repeated sampling every fourth
harvest after an 18-day rest period. The intent was to simulate the harvest of grass by cows grazing a paddock
every 18 days. Even with the frequent cutting (every 2.5 weeks), forage yields exceeding 16.3 tons of DM per acre
per year (incorrectly noted as 16.4 in the CH2M Hill comments) were realized and measured by Farms n’ Forages,
and is a conservative annual yield target taking into account lower production the winter months, boosted by the
inclusion of diversified forages. Nutrient uptake, content, and the chemical composition of the grass samples are
based upon this cutting schedule, without over-fertilization based upon HDF’s grass & forage expert’s

Forages were cut, analyzed, and measured for production, nutrient content and quality, and nutrient uptake rates,
over this 2 year span by HDF’s forage expert, Farms n’ Forages, a locally-owned business that assists many ᦣ
farmers. The forage was tested and analyzed by Cumberland Valley Analytic Services (CVAS), which is certified by
the National Forage Testing Association. CVAS performed wet chemistry analysis for Dry Matter (DM), Crude
Protein, Soluble Protein, Acid Detergent Fiber (ADF), Neutral Detergent Fiber (NDF), Ash, Calcium (CA),
Phosphorus (P), Magnesium (Mg), Potassium (K), Sodium (Na), Iron (Fe), Manganese (Mn), Zinc (Zn), Copper (Cu),
and in vitro NDF analysis as a method of assessing the nutritive value of the grass trial samples. The nutrient value
of the grasses analyzed was then converted to nutrient uptake rates (in lbs. of nitrogen and phosphorus per ton of
DM by Atlantic Dairy Consulting, through the use of the Cornell Net Carbohydrate and Protein System (CNCPS)
Model, which uses farm-specific inputs on feed and diets to yield both approximate milk production and manure
excretion values and quality.

Thus far, HDF has gathered more than ʹ  ¢¢ᦣó
Valley on HDF’s leased property. The Kikuyu grass measured consists primarily of Kikuyu with some guinea grass
mixed in. Cover crops (diversified forage) were also inserted into the Kikuyu grass during the winter months to
provide the additional forage needed when the primarily Kikuyu grass mix may not be as productive. The use of
diversified forage is recommended by the National Resource Conservation Service (NRCS) Conservation Practice
Standard – Nutrient Management Code 590.

1. The DEIS claims to have nearly the best yield in the world for Kikuyu grass based upon a farm trial but
does not present any scientific design for the trial or any raw data or statistical analysis of data to support
the claim. The high yield that is the basis of the nutrient balance is unfounded.

The comment from DOH regarding the WMP Update submitted in May 2016 purely focused on the
gun-irrigation of liquid effluent from the storage ponds and not a slurry mixture. No gun-irrigation
of liquid effluent is proposed anywhere on the farm. All liquid effluent is applied via the center
pivot system.

DOH has reviewed HDF’s Waste Management Plan (WMP) for the scenario of up to 699 cows, dated
July 23, 2014, which indicated gun-applied slurry in certain other areas, and had no comment.

2.
3.

Application of manure slurry is recommended by the DOH, “Slurries may be distributed through an
irrigation system equipped with nozzles that have a large opening.” Refer to: State of Hawai‘i
Department of Health (DOH). January 19 2010. Guidelines for Livestock Management. Prepared in
     ᦣ  ¢, Cooperative Extension Service, College of
Tropical Agriculture and Human Resources, West Maui Soil & Water Conservation District, USDA –
Natural Resource Conservation Service, U.S. Environmental Protection Agency – Region 9.
Appendix Page B.13, #6 - Utilization.

1.

The “inference” that DOH would not approve of any manure slurry application via the gun system is erroneous and
refuted on several fronts:

3

Additionally, points identified by error codes in the publicly available rainfall data also do not necessarily truly
 Ǥ¢¢ᦣó  ǡ day precipitation record collecting data over a multiple day period instead. In these instances when a multi-day
record is collected, the days over that record are labeled with error codes (-9999). The use of the error code does
not actually reflect “missing” data in this scenario. A reasonable and realistic daily rainfall estimate may be
determined over that multi-day period (e.g. by averaging or by comparison to other available rain gauge data in the
area such as HDF’s Ag Hub system).

¢¢ᦣó gage (No. 941.1), located on the farm site, that was used for the DEIS
is from January 1, 1984 through December 31, 2013, a period of 10,957 days. The available record is for 10,597 of
these days, of which only 360 days is truly missing recorded data. Moreover, statistics of this available record
closely match the Online Rainfall Atlas of Hawaii (2013) by Giambelluca, T.W., Q. Chen, A.G. Frazier, J.P. Price, Y.L.
Chen, P.S. Chu, J.K. Eischeid, and D.M. Delparte. Based on this, the available rainfall records of Station 941.1 were
taken to be a reasonable representation of this site’s actual rainfall (Nance). In total, 360 days of truly missing
records account for only 3.3 percent of the total length of this time period.

ʹǤ  ¢¢ஒóͻͶͳǤͳ 
data points in 30 years of record and is not suitable for irrigation scheduling or manure management.

While the yield production and nutrient removal rates shown in the DEIS would not be the exact nutrient uptake
numbers based upon the actual operation of the planned dairy, with the commencement of actual animal grazing,
manure production, and effluent application, the trials are representative of and realistic for a rotational-grazing,
pasture-based dairy operation. The yield production and nutrient uptake rates are based upon appropriate sitespecific inputs and certified laboratory testing for yield results and nutrient content and value to the proposed
cows used by HDF. Actual grass is being grown on the farm, which is fertilized and irrigated, cut, and sampled for
actual production and nutrient content and uptake data.

HDF believes the grass yield rate of 16.3 tons of DM per acre per year and the nutrient uptake rates of 64 pounds of
nitrogen removed per ton of DM and 11.4 lbs. of phosphorus removed per ton of DM, as shown in the Nutrient
Balance Analysis of the DEIS, are reasonable and realistic rates based upon the work and analytics performed by
Farms n’ Forages, CVAS, and Atlantic Dairy Consulting. Other data from Hawaii also with the highly productive C4
grasses document world class, indicate high levels of productivity are realistic (Valencia-Gica et al. 2012 data from
Hawai`i) (Yost). The yield rates and nutrient uptake/removal rates provided are in accordance with NRCS
guidance and provide a realistic projection of the yield production and nutrient uptake for a planned dairy
operation. It is consistent with the requirements and processes of the NRCS – Nutrient Management Code 590.

recommended fertilizer application rates, or over-irrigation based upon visual observation beyond the agronomic
need of the crop.
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-9999
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19920905
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(in)
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4
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-9999
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0
0
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-9999
-9999
-9999
-9999
-9999
-9999

-9999
-9999
-9999
-9999
-9999
-9999

-9999
-9999
-9999
-9999
-9999
-9999

PRCP
(0.1 mm)
0
0

PRCP Recording Taken = 0.90”
PRCP Recording Taken = 0.16”
PRCP Recording Taken = 0.16”

0.45
0.90
0.16
0.16

If MDPR = 2.6”, then Daily PRCP = +/-0.22”
If MDPR = 2.6”, then Daily PRCP = +/-0.22”
If MDPR = 2.6”, then Daily PRCP = +/-0.22”
If MDPR = 2.6”, then Daily PRCP = +/-0.22”
If MDPR = 2.6”, then Daily PRCP = +/-0.22”
PRCP Recording Taken = 0”

If MDPR = 2.6”, then Daily PRCP = +/-0.22”
If MDPR = 2.6”, then Daily PRCP = +/-0.22”
If MDPR = 2.6”, then Daily PRCP = +/-0.22”
If MDPR = 2.6”, then Daily PRCP = +/-0.22”
If MDPR = 2.6”, then Daily PRCP = +/-0.22”
If MDPR = 2.6”, then Daily PRCP = +/-0.22”

If MDPR = 0”, then Daily PRCP = 0”
If MDPR = 0”, then Daily PRCP = 0”
If MDPR = 0”, then Daily PRCP = 0”
If MDPR = 0”, then Daily PRCP = 0”
If MDPR = 0”, then Daily PRCP = 0”
MDPR Recording Taken over 12 Days = 2.6”

PRCP Recording Taken = 0”
PRCP Recording Taken = 0”
MDPR Recording Taken over 6 Days = 0”

PRCP Recording Taken = 0”
MDPR Recording Taken over 4 Days = 0.1”
If MDPR = 0.1”, then Daily PRCP = +/-0.03”
If MDPR = 0.1”, then Daily PRCP = +/-0.03”
If MDPR = 0.1”, then Daily PRCP = +/-0.03”
PRCP Recording Taken = 0.45”

0

0
0

Notes:

0

PRCP
(in)
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As noted in the table, the multi-day precipitation total from September 23 to September 28 shows a MDPR of 0
inches. Total rainfall for each day can be assumed to be 0 inches. From September 5 to September 8, another
MDPR was recorded of 0.1 inches, also negligible (if averaged, the daily rainfall would equal 0.03”, quite
insignificant to any agricultural operation). Even within the twelve (12) day MDPR recording of rainfall from
September 11 to September 22, a total of 2.6 inches of rainfall was recorded. While the daily totals are not
provided, the data is sufficient to characterize rainfall and for use within HDF’s Nutrient Balance Analysis and its

MDPR,
(0.1mm)
-9999
-9999

DATE
19920930
19920929

As shown in the following table for the month of September 1992, which the CH2M Hill comments specifically
point out as a month with significant “missing” data, there are three (3) sets of multi-day precipitation records
(MDPR), as well as eight (8) sets of daily records (PRCP). CH2M Hill has identified 19 days of missing data in this
month. In fact, there are no days with actual missing data when taking into the account the MDPR readings. The
table below reflects the publicly available data in the format received from the National Oceanic and Atmospheric
ȋȌ¢¢ᦣóͻͶͳǤͳǡǲǳ  ǣ

The commenter only discusses the scenario of 699 mature dairy cows, but similarly, referring to Table 28C of the
Nutrient Balance Analysis, monthly nutrient applications are shown for the scenario of up to 2,000 mature dairy
cows. There would be no over application of nitrogen but a slight excess of phosphorus, exactly at 2,000 mature
dairy cows and a grass yield of 16.3 tons DM per acre per year. As explained previously, HDF does not intend to
over apply phosphorus but will manage the herd size to meet the nutrient needs of the grass crop based on yields.
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HDF’s Nutrient Balance Analysis separates out nutrients by application type, and has identified the total amount of
nutrients (by each application type and area) applied by month. Refer to Table 26C: Estimated Monthly Nutrient
 ͻͻͷͲǤ It identifies 42 acres of area for
the slurry application for the 699 mature dairy cowherd size, and shows that the nitrogen applied in lbs. per month
(from both slurry and as-excreted sources) is less than half of the expected uptake of nitrogen by the forage. The
phosphorus applied is a little more than half of the expected uptake of phosphorus by the forage. Therefore, even
with seasonal variations in yield plus non-irrigated fields producing 70 percent of the yield (per Farms n’ Forages
as noted above), there would be no over application of nutrients.

HDF also plans to utilize reserve forage to reduce the amount of commercial feed it needs to bring in as the amount
of grass forage does not provide for all of the nutrients the cow requires. Excess forage, which may be gathered in
higher yielding months, would allow for supplementing with reserve feed in lieu of commercial feed during lower
yielding months. Paddocks not utilized may be harvested via the swathing and baling of the grass. These bales will
be stored for use in the winter months or used to supplement feed.

From a nutrient balance and nutrient accounting standpoint, the annual weighted yield average accounts for the
lower yields expected from non-irrigated portions of the pasture and seasonal variability during the winter
months. It incorporates these factors into the nutrient uptake (an overall lower annual yield average means less
overall nutrient uptake). Proper management of the farm’s operation, by season and by adaptively managing the
timing of the application of nutrients or timing of the use of each paddock, is critical to ensure that the nonirrigated areas are utilized without over-application of nutrients, especially in the winter months. HDF is
committed and required to adaptively manage its operations per NRCS standards and also to ensure nutrients are
not wasted.

HDF will also manage the application of nutrients, from each application type (as-excreted, liquid effluent, slurry,
fertilizer) based upon whether the field is irrigated or non-irrigated. Irrigated fields with higher yields will be
grazed more often, while non-irrigated fields with lower yields will be grazed less, for the 18-day rotation
depending on the yields obtained, to ensure that nutrients are not over applied (lower yielding paddocks may be
utilized in spans beyond 18-days). Because the slurry application is expected to occur very infrequently (typically
spaced between 3-6 weeks apart), application of slurry nutrients to non-irrigated fields will still not exceed the
agronomic need of nutrients for the crop. Even if the application is more frequent (closer to every 3 weeks), less
nutrients will be applied per slurry application as less solids have built up in the settling ponds at the dairy facility.

Utilizing the last year of grass testing (2015 to 2016), the irrigated fields showed an annual average yield of nearly
19 tons DM per acre per year. Incorporating the non-irrigated fields by applying the reduction percentage to the
total non-irrigated areas, the weighted annual average yield still exceeded 17 tons DM per acre per year. HDF is
utilizing 16.3 tons DM per acre per year as a conservative estimate for planning purposes to account for the
variability in farms, which are biological systems. HDF will continue to test and analyze, as appropriate, for forage
yields and nutrient content, soil nutrient content, manure nutrient content, and water quality and chemical
composition for the adjacent drainage ways, to monitor and ensure that nutrients in the farm’s system are
balanced and kept on the farm to be efficiently utilized by the forage crop. Testing will be done annually at a
minimum, per applicable State and Federal law.

HDF believes that 16.3 tons of DM per acre per year is a conservative and realistic weighted yield goal which meets
NRCS Conservation Practice Standard - Nutrient Management Code 590 requirements for both irrigated and nonirrigated fields combined and accounts for seasonal variability. Code 590 requires that a realistic yield goal be
used in the planning of a new dairy operation. Taking the reduction in grass yields in non-irrigated fields, based
upon the percentages provided by Farms n’ Forage, the 16.3 tons of DM per acre per year is a conservative
production estimate, considering that irrigated fields can yield over 20 tons of DM per acre per year in the summer
and between 15-18 tons DM per acre per year in the winter.

Farms n’ Forages also has experience with non-irrigated pastures in Hawaii and has previously measured
approximately 30 to 40 percent greater yields in irrigated pastures than in non-irrigated pastures. Approximately
74 percent of HDF’s pastures are irrigated and 26 percent are non-irrigated, and the effect on yield estimates must
be taken into account by HDF for its nutrient management planning, as noted by the CH2M Hill comments. HDF
has been conservative in its average annual yield estimate used in the Nutrient Balance Analysis specifically to
account for non-irrigated fields and seasonal variability in forage production.

HDF understands the concerns regarding non-irrigated areas and their lower potential yields. HDF has conducted
more than 2 years of grass yield trials on HDF sites, and has engaged Farms n’ Forages to complete these trials.
Farms n’ Forages has extensive experience in grass and forage production on each of the major islands in the State
of Hawai‘i. Based upon the field trials, utilizing primarily Kikuyu grass mixed with some guinea grass, and
interspersed with diversified forages from November to March, average annual yields on the HDF site range from
17 tons DM per acre per year to over 20 tons DM per acre per year, with appropriate fertilizer and irrigation
applications that do not exceed the agronomic need of the crop. These monthly yields often exceeded 20 tons DM
per acre per year in the summer months and lowered to between 15 and 18 tons DM per acre per year in the
winter months (with diversified forage). This was verified by forage testing and on-site soil sampling performed
by Farms n’ Forages (grass yields), Spectrum Analytics (soils and fertility recommendations), Cumberland Valley
Analytic Services (grass nutrient) as well as Dr. Yost (soils and fertility recommendations in Appendix C of the EIS).

3. The use of annual average manure application and annual average yield estimates grossly
underestimates the nitrogen discharge from the slurry application paddocks.

The LÄhu‘e ǡ ʹ  ǡ¢¢ᦣóǤ 
located on the windward side of the Ha‘upu mountain range, some six miles from the project site. The CH2M Hill
modeled rainfall used is 70.14 inches per year from the LÄhu‘e station. The modeled rainfall rate is unrealistically
      ͶͶǤʹ      ¢¢ᦣó   ͻͶͳǤͳǤ  ¢¢ᦣó
gauge, in turn, is located on the project site and provides site specific data. Statistics of this available record closely
match the Online Rainfall Atlas of Hawai‘i (2013) by Giambelluca, T.W., Q. Chen, A.G. Frazier, J.P. Price, Y.L. Chen, P.S.
Chu, J.K. Eischeid, and D.M. Delparte. Based on this, the available rainfall records of Station 941.1 were taken to be a
reasonable representation of this site’s actual rainfall (Nance). In total, 360 days of truly missing records account
for only 3.3% of the total length of this time period.

Referring to  Ͷ – NOAA – Average Monthly Precipitation Data, and Table 12 – Monthly Irrigation
Demand within the Nutrient Balance Analysis, based on the available historical data, NOAA data from the
¢¢ᦣóͻͶͳǤͳ shows an average rainfall in the month of September of 2.73 inches. Based upon the
September 1992 total rainfall for the month at 2.7 inches ¢¢ᦣóͻͶ1.1 rain gauge, the month
appears consistent compared to the historical average. The multi-day precipitation data totals do not have any
effect on the irrigation demand analysis, as the total rainfall each month is used in irrigation planning. An
irrigation water management plan will be developed by the farm in accordance with NRCS Conservation Practice
Standards Rainfall and applied irrigation will be monitored and controlled on a daily basis during farm operations.

irrigation management plan, which is based upon monthly rainfall totals. CH2M Hill’s comment that the month of
September 1992 contains excessive “missing” data is therefore not supported.
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Monthly Maintenance Best Practices:
1. Check air pressure on tires.
2. Check levels of gear lube in each gear box.
3. Grease each wheel hub.
4. Remove and examine each drop hose solenoid attachment to make sure no rust has built up inside the
connections. If so, clean and put back together and make sure it moves in both directions.

Daily Maintenance Best Practices:
1. Repair or replace any nozzle ends not working properly.
2. Examine all wheel hubs and grease where needed. Inspect for flat tires and repair as needed.
3. Observe wheel tract towers controls. If any rust or any other material is present clean up and apply WD40
to extended control bolt.
4. Adjust control bolt on any tower that is out of line.

Operations Best Practices:
1. View the system and make sure all towers are in alignment.
2. Check out each drop hose to see if all are hanging properly and operating properly.
3. Check each tower to make sure both tires are inflated and secure to tower stand
4. Re-evaluate all operations and check control panel as to current pressure.
5. Perform visual inspection of the systems at least every two hours during the day (pivots move slowly and
are designed to apply irrigation and effluent over a 48-hour cycle). Watch areas of non-application to
assure system is working properly.
6. Respond to pivot notifications and automatic shutoffs for improper operation, especially during nighttime
hours.

Best management practices for operations and maintenance will include daily, monthly, and semi-annual tasks.

Proper operations, maintenance, and repairs of the irrigation system will prevent potential impacts to water
quality and prevent direct discharge into the drainage ditches. Stringent preventative maintenance will be in place
to make sure all facets of the irrigator operate to the pivot operator’s needs. The pivot operator will be responsible
to maintain and look after each pivot while in operation. Only one pivot will operate at any given time (though the
system is designed and is automated enough such that two pivots may run at the same time), ensuring that the
operator is focused and attentive to the one operating pivot. The irrigators are programmed to turn off within 50
feet of water resources.

The pivots cross portions of the Waiopili drainage ditch and another separate agricultural drainage ditch which
ultimately discharge to the ocean. The pivot systems are equipped with a drop hose valve that will be composed of
a composite material, with small sensors that are low maintenance and resistant to salty weather conditions.

ͶǤ    pivots across a stream and depends
upon complex failure prone smart valve center pivots to stop flow and not drip while the pivots are on
bridges over the stream.

HDF will address the management concerns regarding splitting irrigated and non-irrigated areas of the pastures.
HDF will adaptively manage the irrigation systems when the farm is in operation, and can temporarily add
irrigation systems to non-irrigated fields to improve forage yields and nutrient uptakes of specific paddocks, as
needed, once the farm is in operation. From a use and management perspective, this allows HDF the flexibility to
efficiently run its operation.
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The comment also inaccurately describes the top two inches of the soil as saturated during the entire month and
year. Simple field observation indicates that this is rarely the case.

NRCS code 590 does not require that nutrient management and dairy operations be based on wetter than average
conditions. The code rather specifies that consideration be given for “weather conditions” in general.

Ǥ                  ͷͻͲ   the
code guidance by not considering wetter than average conditions

The comment also unrealistically represents all discharge occurring directly to a stream. Daily nutrients are
contained on the farm and reutilized by the pastoral-based, rotational grazing system and the thick Kikuyu grass
thatch. Nutrients potentially carried in runoff will be contained by vegetated buffers and retention areas adjacent
to the raised cow raceways, and will not discharge nutrient directly to any on-site ditch in typical rain events.
Thus, the representation that over 300,000 lbs. of nitrogen per year is discharged is grossly exaggerated.

Therefore, the CH2M Hill model assumption - that the fields are constantly rained upon based on worst-case LÄhu‘e
¢¢ᦣóǡ  - is
erroneous. This is also not supported by field observations. As a result, the CH2M Hill model’s results showing a
nutrient loss rate of 57 percent is erroneous, unrealistic, and highly exaggerated. Such a loss rate would not
support any grass growth in the valley, which is clearly not the case based upon grass testing done thus far on the
project site.

The model presented by CH2M Hill is based upon the LÄhu‘e rain gauge as well as an unrealistic amount of rainfall,
         ¢¢ᦣó Ǥ  See previous responses above as to why the
¢¢ஒó rain gauge is more appropriate for the project site than the ÄǮ rain gauge. Comparing the 12
 ¢¢ᦣó¢¢ᦣó
gauge, rainfall between June 1996 and May 199     ͷͷǤͻ͵    ¢¢ᦣóǡ   
LÄhu‘e was noted at 70.14 inches in CH2M Hill’s comments, significantly different. While this year period shows
higher than average annual rainfall, it does not show such a high value as LÄhu‘e at 70.14 inches.

Two percent (2%) of nitrogen and one percent (1%) of phosphorus nutrients excreted as manure, applied as
effluent or slurry, or applied as commercial fertilizer are conservatively estimated to be potentially lost to the
environment as a result of dairy operations on the site. HDF has developed and plans to incorporate several best
management practices to ensure that this nutrient loss is minimized, if not removed, on a more typical basis. 35foot vegetation setbacks from drainage ditches on site, retention areas adjacent to the raised cow raceways, and
irrigation of effluent matching the crop demand and ensuring no over-application of effluent are Best Management
Practices and are ways that HDF intends to contain all nutrients on site during typical dairy operations and under
typical weather conditions.

5. The DEIS underestimates the discharge of nutrients to the stream and groundwater by an order of
magnitude.

Semi-Annual Maintenance Best Practices:
1. Change gear lube in each gear box. Remove gear lube and replace with new gear lube. Place old gear lube in
used oil container in shop. Re-check levels after one hour of operation.
2. Examine each power shaft coupling to determine excessive wear or broken parts. Replace any coupling
with a new one.
3. Clean out control boxes. Turn all power off and remove panels from each unit and clean any dirt or mud in
the box. Make sure fuse box has spare fuses for all operations.
4. Spray area around Pivot Head to eliminate weeds or grass from Control Box area.
5. Spray around the west side water control valve.
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HDF has provided additional storage capacity beyond the 25-year, 24-hour storm event in the form of extra storage
within the effluent ponds, as well as a secondary containment berm, which exceeds regulatory guidelines. The
secondary containment area and berm essentially provides an additional 30 days of effluent storage, or nearly 50%
more volume than the storage pond provides in the scenario of up to 2,000 mature dairy cows, enough to hold
another two – 25-year, 24 hour storms.

9

The 16.3 tons DM per acre per year is not limited to the 699 cow scenario. With the grass trials and nearly 470
acres of pasture, the conservative estimate of 16.3 tons DM per acre per year can support nearly the entire project.
The 20 percent increase will cover the increase from 1,875 mature dairy animals (supported at 16.3 tons DM per
acre per year without nutrient over-application) to 2,000, a modest 7% increase in the herd size and forage
production.

The comment misrepresents and misunderstands the 16.3 tons DM per acre per year. Under such a yield, nearly
1,875 mature dairy cows can be supported on the farm. There would be an excess of grass forage in the scenario of
699 mature dairy cows. If yields were to increase to 17.3 tons DM per acre per year, up to 2,000 mature dairy cows
can be supported without over-application of nitrogen and phosphorus nutrients. At 20 tons DM per acre per year,
or more, which can be expected and supported by field trials and academic research, even more cows could be
supported on the pasture without over-application on nutrients from cow manure and effluent. However, HDF has
identified the maximum contemplated herd size as 2,000 mature dairy cows.

Refer to the previous response about grass yields used in the report based upon field trials, sampling data, data
analytics, and supported academic research.

ͻǤ       ͳǤͶ            
documentation is presented to support even higher proposed yields of 20 tons per acre.

Refer to Volume 5, Appendix C – C for additional responses to comments regarding manure related insects.

Dung Beetles aren’t winter dormant in Hawaii. Dung beetles are winter dormant in locations where the temperate
drops dramatically in winter. Hawaii does not experience that level of temperature change in winter and the
dormancy is NOT triggered. A review of collecting dates and scholarly publications that show the activity levels of
dung beetles in locations such as Louisiana and Florida show year round activity. Practical ground truthing in
Hawai’i: February 2011, the entomological team assisted with a week of filming in the fields of Hawai’i Island’s
Kohala Cloverleaf Dairy, where active dung beetles were seen.

8. Dung beetles are misrepresented as being capable of consuming manure year round even though they
are not active in the winter.

In the event of a cataclysmic event, discharge to the drainage ways can be expected, as allowed under typical
guidance of the NRCS, EPA (NPDES AFO/CAFO Permitting), and Department of Health. HDF will work with all
regulators and in the best interest of the community when planning for and addressing potential cataclysmic
events, when able to be forecasted. In the example of the Kaloko Dam breach, while such a scenario is unlikely in
¢¢ᦣó  ǡ
the reservoir over 40+ days. Such a scenario is unrealistic and unrelated to the dairy’s systems and waste storage
Ǥ                ¢¢ᦣóǡ     
opportunity to prevent discharge and cumulatively reduce the effluent levels in the pond, over a 40 day period,
through applicable management techniques and dewatering. The extra spare volume in the pond and secondary
containment berm provide additional protections.

With respect to irrigation, as noted in previous responses, HDF believes that 16.3 tons of DM per acre per year is a
conservative and realistic weighted yield goal which meets NRCS Conservation Practice Standard - Nutrient
Management Code 590 requirements for both irrigated and non-irrigated fields combined and accounts for
seasonal variability. Code 590 requires that a realistic yield goal be used in the planning of a new dairy operation.
The 16.3 tons of DM per acre per year is a conservative production estimate, considering the irrigated fields can
yield over 20 tons of DM per acre per year in the summer and between 15-18 tons DM per acre per year in the
winter. It also takes into account the reduction in yields from non-irrigated fields.

The United States Department of Agriculture (USDA), NRCS, State of Hawaii Department of Health, and other
published guidelines for agricultural practices within the United States agree that the 25-year, 24-hour event is the
design standard for waste storage systems. Planning and designing for events greater than this is simply not
required by regulators and unreasonable.

Refer to the previous response regarding purported “erroneous” weather data.

7. The DEIS uses erroneous weather data to size the manure lagoon and proposes intentionally discharging
manure from the storage lagoon before cataclysmic storms resulting in most of the manure running off
directly to surface water.

Also, the effluent and as-excreted manure does not provide the full balance of nutrients that the grass needs to
grow at the expected 16.3 tons DM per acre per year. Commercial fertilizer will be needed to supplement the
agronomic requirements of the forage. In a typical application, equal amounts of effluent will be provided
throughout the year as the effluent simply does not provide enough nutrients to the grass. As the nutrient mass
balance shows in the Nutrient Balance Analysis, even in the winter months, there is no over-application of nutrient
in the scenario of 699 mature dairy cows and a slight potential excess application of phosphorus that must be
accounted for in the scenario of up to 2,000 mature dairy cows. Should HDF contemplate expanding the herd size,
it would do so incrementally until phosphorus becomes the limiting factor so that no over-application occurs.

As recommended by the NRCS in planning of new operations involving re-use of livestock manure as a nutrient
source, HDF initially plans to apply effluent in uniform rates if the irrigation demand of the crop and the yield of the
crop are able to be sustained. The biological system of the farm will vary and irrigation applications and
effluent/nutrient applications will be adjusted as required, once the farm is in operation. As the Nutrient Balance
Analysis states, the irrigation demand of the crop, as realized in Hawaii, cannot be provided solely by rainfall, even
in the winter months. Irrigation can be limited to ensure there is no over-application of irrigation and effluent by
reducing the amount of irrigation (which Table 12 – Irrigation Demand Summary shows). The storage pond
allows for flexibility in adjusting irrigation amounts.

Additionally, as stated in the Nutrient Balance Analysis in the EIS, irrigation (including liquid effluent) will not be
applied should it exceed the irrigation demand of the crop. Therefore, applied irrigation will not exceed the soil
water holding capacity and crop demand. The Kikuyu mix of grasses will form a thick thatch which will essentially
limit and contain surface runoff. Kikuyu grass … forms an exceedingly thick thatch that [is] certain to attenuate, if
not completely block, surface runoff (Yost). Even in the winter months, where diversified forages will be used, the
Kikuyu thatch will be maintained by using no-till planting methods when diversified forages must be planted in
November and December to boost forage yields. Vegetated 35-foot buffers and retention areas adjacent to the
raised cow raceways will prevent other runoff from reaching surface water ways.

HDF’s Nutrient Balance Analysis (NBA) meets NRCS Conservation Practice Standard – Nutrient Management Code
590. HDF’s NBA states that HDF will not apply nutrients via liquid effluent or slurry two days prior to and two days
following a significant rain event, in which surface runoff could be anticipated and expected. In two days, it can
reasonably be expected that regardless of soil type, the top two inches of soil will not be saturated as described in
the comment.

Additionally, and as responded to previously, the nutrients provided by the manure and effluent simply do not
meet the grass nutrient requirements at 16.3 tons DM per acre per year, a lower projected yield result, that is also
weighted for irrigated and non-irrigated areas, which is then projected over the entire year. Variability in the grass
yield is taken into account in the 16.3 tons DM per acre per year, and yet additional nutrients beyond that provided
by the manure of the cows, will be required for adequate grass growth.

Please see previous responses to nutrient uptake numbers supported by the grass farm trials.
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Under guidance from the NRCS, an annual average yield estimate is allowed for nutrient mass balance planning for
a new dairy operation, and nutrient management based upon daily nutrient uptake as suggested by the commenter
is simply not realistic in a biological system. However, for the purposes of the EIS, a monthly yield estimate was
reviewed based upon results from the grass trials, indicating that a projected yield of 16.3 tons of DM per acre per
year is on the lower end of projected monthly production, even considering possible seasonal slumps in the winter

Based upon using diversified forages, consistent yields exceeding 16.3 tons DM per acre per year are realistic, as
indicated by the grass trials. As such, HDF believes that 16.3 tons DM per acre per year and the resulting nutrient
uptake numbers are conservative and can be applied to the farm nutrient mass balance calculations. Kikuyu fields
with diversified forage in the winter months yield between 15 and 18 tons of DM per acre per year, while summer
months of Kikuyu grass (without cover crops) exceed 20 tons of DM per acre per year in production estimates.

While the Nutrient Balance Analysis uses an annual, weighted, and realistic yield estimate and nutrient uptake
rates, this does not mean that the application of nutrients is uniform based upon the amount, area, schedule, and
frequency of nutrient application by type (as-excreted, pivot system, slurry gun, fertilizer). HDF will adaptively
manage the timing and placement of applied nutrients on the farm to maximize yield production while also
ensuring that there is no over-application of nutrient from applied effluent and as-excreted manure. In planning
HDF’s initial operation, uniform rates of nutrient application on an annual basis are used for planning purposes,
which shows that even with conservative grass production rates, nutrients are not over-applied in the scenario of
699 mature dairy cowherd size while a slight excess of phosphorus can be expected at a herd size of 2,000 mature
dairy cows. As previously mentioned, HDF will likely incrementally increase the herd size to ensure phosphorus is
properly managed, as part of its adaptive management of the farm. As the farm moves into operations and
continues with annual plant, soils, manure, and other required testing, HDF will adaptively manage the placement
and timing of nutrients to ensure there is no over-application. With a conservative yield rate of 16.3 tons DM per
acre per year, there is still a deficit of nutrient available for the crop and more commercial fertilizer will be
required to supplement nutrients. This deficit will only grow if and when yields improve on the farm. As
previously mentioned, including adjustment for irrigated and non-irrigated areas and accounting for seasonal
variability, average annual yields of over 17 tons DM per acre per year are realized on the HDF project’s site.

The total nutrients applied are also based upon total area and the capacity of the infrastructure (pivots and slurry
system). Finally, it is also based upon the irrigation demand in terms of how much manure nutrient is applied at
any given time from the pivot system.

Individual application of nutrients per irrigation method will not be uniform as the NBA describes three (3)
different scenario types of nutrient application (non-irrigated and as-excreted, pivot irrigated and as-excreted, and
slurry application and as-excreted), all with differing total amounts of nutrients. Refer to Tables 25-28.

13. The nutrient balance incorrectly applies the same amount of nutrients uniformly to all soil types in all
paddocks under each irrigation method.

As far as kikuyu production and quality, HDF understands that it is not uniform throughout the year, like any forage.
HDF’s grazing operation plans for filling in seasonal slumps with other forages (diversified forages and cover crops)
with a primary Kikuyu grass base. HDF understands that any grazing operation is not designed based solely around
one forage due to seasonal production changes… A diversified stand of the forages that have the best production and
survivability in the region is provided and planned for by HDF (Farms n’ Forages, Kristin Mack).

12. Kikuyu grass in the nutrient balance analysis is presented incorrectly as having a uniform nutrient
uptake every day of the year.

The CTAHR grass analytics provided in the comment are from a fully mature kikuyu grass crop at 84 days (12 weeks)
of growth compared to HDF grass harvested in a vegetative state at 18 day intervals. The comment suggests that
plant nitrogen uptake for the proposed Kikuyu grass is assumed to be no greater than 545 lb/ac/year based upon the
84-day growth. This is a wrong assumption based on the antiquated plant bioassay results completed by CTAHR on
mature 84 day (12 weeks) grass vs. vegetative grass used for pasture (Atlantic Dairy Consulting, Robert Fry, DVM).
Nutrient uptake from a mature grass sample will be significantly less than a younger grass sample, and is not
representative of the rotational-grazing proposed by HDF.

11. The HDF prediction of nitrogen removal with Kikuyu grass grazing is overstated and not documented.

HDF plans to utilize reserve forage to reduce the amount of commercial feed it needs to bring in as the amount of
grass forage does not provide for all of the nutrients the cow requires. Excess forage, which may be gathered in
higher yielding months, would allow for supplementing with reserve feed in lieu of commercial feed during lower
yielding months. Paddocks not utilized may be harvested via the swathing and baling of the grass. These bales will
be stored for use in the winter months or used to supplement feed.

Even analyzed monthly, HDF is confident that with diversified forages, yields of 16.3 tons per acre per year are
expected amongst the entire farm (also weighted for irrigated / non-irrigated areas as previously discussed). In
fact, trials show yields between 15 and 18 tons DM per acre per year in the winter months and exceeding 20 tons
DM per acre per year in the summer months. Therefore, the NBA mass balance is being conservative as it is using a
lower monthly yield projection over the entire year for its forage nutrient uptake and milk production numbers. In
essence, HDF pastures would be able to uptake even more total amounts of nutrients at the average annual yields
realized in the grass trials (meaning more cows than 2,000 could be supported).

The milk production, and therefore nutrient production, numbers used for nutrient balance and accounting for
HDF’s Nutrient Balance Analysis were calculated using the Cornell Net Carbohydrate Protein System (CNCPS)
model, prepared by Robert C. Fry, DVM, Atlantic Dairy Consulting. The appropriate environmental inputs into and
outputs from the model are based upon field trials or site specific data as available. The nutrient mass balance and
accounting on the farm is provided in the Appendix D – Nutrient Balance Analysis (NBA), based upon the CNCPS
model, which is sufficient for evaluating environmental impacts from a pasture-based rotational grazing dairy
operation.

The 18-day rotation is the basis of the field trials – which is typically producing yields greater than 16.3 tons DM
per acre per year to support nearly 2,000 mature dairy cows. The 18-day rotation allows for six mobs of cows to
be utilized on the farm, based upon the number of paddocks designed. Grass yields, protein content, and nutrient
uptake numbers are all predicated on the 18-day rotation / cutting and are supported by field tested data and
laboratory analytics. While the CH2M Hill report provides its own inputs, not based upon field-specific data, to
estimate milk production from Kikuyu-based pastures, it does not take into account actual forages proposed by
HDF and actual forage nutrient content field tested and analyzed in a laboratory for this specific project.

months. This type of analysis is very conservative and not required. Nutrient management planning for the
planning of new dairy operations is based upon realistic annual yield estimates and nutrient uptake.

10. The milk production predicted by the HDF is presented without scientific references or any data to
  ஒǤ
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Pan evaporation data and evapotranspiration data are both from publicly available, regularly utilized and accepted,
data sources and both are site-    ¢¢ᦣó      Ǥ     
acceptable and site specific, and measure different criteria (rainfall, pan evaporation, and evapotranspiration).
ǲ   ᦣͶ
  ͳͻͺͷ   ¢¢ᦣó ͻͶͲǤͲͲǤ         ¢

Refer to previous response to comment #2.

16. HDF used faulty climatic data for the irrigation water balance.

Refer to previous response to comment #2.

15. HDF used faulty climatic data as the basis of the water balance and nutrient balance analysis.

HDF intends to include best management practices to protect water quality within the man-made and natural
portions of Waiopili Ditch, as well as the coastal waters and beach. Such practices included installation of 35-foot
wide vegetated buffers and filter strips, 50-foot setbacks with effluent irrigation, on-site retention areas adjacent to
the raised raceways, and development of the Kikuyu thatch which will attenuate surface runoff and prevent
pollutants from reaching the on-site water ways. Even in the winter months, where diversified forages will be
used, the Kikuyu thatch will be maintained by using no-till planting methods when diversified forages must be
planted in November and December to boost forage yields.

The stretch of open coastal waters at the terminus of Waiopili Ditch is classified as Class A under State Water
Quality Standards, as no embayments, marine waters, or open coastal waters in the vicinity are listed in HAR §1154 for special protection. Use of Class A waters in the standards state: “the objective of Class A [marine] waters that
their use for recreational purposes and aesthetic enjoyment be protected. Any other use shall be permitted as long
as it is compatible with the protection and propagation of fish, shellfish, and wildlife, and with the recreation in and
on these waters. These waters shall not act as receiving waters for any discharge which has not received the best
degree of treatment or control compatible with the criteria established for this class” (DOH, 2014).

Flowing inland waters   ¢¢ó     ʹǡ      
[HAR §11-54-5.1(a)(1)(C)]. “The objective of Class 2 waters is to protect their use for recreational purposes, the
support and propagation of aquatic life, agricultural and industrial water supplies, shipping, and navigation . . .
These waters shall not act as receiving waters for any discharge which has not received the best degree of
treatment or control compatible with the criteria established for this class. . . .” (DOH, 2014).

ͳͶǤ     
and beach.

The soils analysis presented in Appendix C of the EIS by Dr. Russell Yost and Nicholas Krueger also clearly states
that there are two widely differing soil groups on the dairy and that the dynamic management of these two soil
types will require specific, unique monitoring and management designed to take advantage of the desirable
properties of each and the limitations of each. The statement also indicates that there two distinct stages of startup
and performance of the dairy - an initial stage in which soil nutrient levels will be restored to values optimal for
pasture productivity and the pasture is being established and the herd developed and the second that represents
the finely-tuned dynamic management of the herd size and productivity in relation to the pasture growth and
productivity. This would involve “monitoring and adaptive nutrient management” as a second stage of bringing the
dairy into an optimal state of productivity and efficiency, which HDF will accomplish and can only accomplish
when the farm is in operation. It does not, however, mean that yields or total nutrient application is affected, only
that the management and timing of the application may be different to account for chemical and physical
properties of the soil, including sodicity, salinity, pH, infiltration and percolation, etc.
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Slurry application is infrequent and will be timed to apply when there are no anticipated rain events and sufficient
wind speeds to disperse and prevent odor issues. It will not be run simultaneously with the pivot irrigation system
and the volume of nutrients will not exceed the agronomic demand of the crop. Refer to the previous discussion on
the kikuyu thatch regarding no expected ponding or runoff from slurry application.

DOH also has reviewed HDF’s Waste Management Plan (WMP) for the scenario of 699 mature dairy cows, dated
July 23, 2014, which indicated gun-applied slurry, and had no comment.

The slurry gun systems and its application were extensively modeled for odor impacts. Please refer to the
technical study regarding odor. Its expected impacts are generally localized around the dairy farm itself. The
slurry gun system will be installed under the recommendations and guidance of the Guidelines for Livestock Waste
Management which recommends using large nozzle applicators for slurry. Refer to the State of Hawai‘i
Department of Health (DOH). January 19 2010. Guidelines for Livestock Management. Prepared in collaboration
 ᦣ¢, Cooperative Extension Service, College of Tropical Agriculture and Human
Resources, West Maui Soil & Water Conservation District, USDA – Natural Resource Conservation Service, U.S.
Environmental Protection Agency – Region 9. Appendix Page B.13, #6 - Utilization.

18. HDF has selected big gun spray irrigators to apply manure slurry even though this is the application
method most commonly associated with odor complaints.

With the thick Kikuyu thatch previous discussed, and at an irrigation rate that meets crop demand, ponding and
runoff is not expected to occur.

The application rate of 0.39 inches is what the pivot will typically be spraying but the application rate must vary
based on the irrigation demands of the crop and weather conditions. The application rate is also distributed over a
48 hour time period as one cycle takes approximately 48 hours to complete. The irrigation demand noted in Table
12 of the NBA indicates that in the summer months, 0.18 inches of irrigation is needed daily, or 0.36 inches over a
48 hour period, on average. Irrigation from the pivot is also lost to evaporation, and actual irrigation volumes to
meet the actual crop demand will likely be approximately 10 - 20 percent higher than the estimated demands,
depending on irrigation equipment efficiency (lost to evaporation) and current conditions. This means the pivot
must spray typically around 0.39 inches per 48 hours (10 percent loss) and even greater amounts if more
irrigation is lost to evaporation. What is noted is a “typical” application.

While maintenance of a complicated machine is a potential concern due to its complex nature, use of the pivot
systems should not be shied away from. HDF will perform all recommended and required maintenance on the
pivot systems as previously noted, and will intensively and rigorously inspect the operations of the pivots.

The smart valve pivot systems do not present an unacceptable risk. It is a precisely controlled, computer driven
machine that allows for specific and exacting application of effluent and irrigation, thereby reducing risk or
mistakes in application of effluent. This technology, while relatively new, is not unprecedented in the United States
and is in fact state-of-the-art for agricultural practices, allowing for variable effluent application amounts to suit
the specific site’s and crop need.

17. HDF is setting a new precedent for unacceptable risk of spraying manure effluent directly into a stream
by use of smart valve pivots that cross the stream on bridges

Department of Geography, 2014 Evapotranspiration Maps (Lat 21.907N, 159.422W)”. The data is not selective and
are referenced to their most appropriate source.

Based upon the soils health report by DǤ      ǡ   ᦣ  ¢ǡ
College of Tropical Agriculture and Human Resources (CTAHR), an initial (one-time or cumulative over the first
few years) application of up to 230,000 lbs. of phosphorus over 469.9 acres of pasture will be beneficial to the
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Soils analyses currently indicate that the farm soils are extremely deficient in phosphorus. In the initial phases of
the farm, HDF anticipates that larger amounts of phosphorus beyond the crop need will improve soil conditions, as
the binding of phosphorus to the soil ensures that it stays in the soil profile and is available for continued use by
the grass during the paddock's 18 day rest period and during the summer months of high productivity. Ultimately,
when the farm is established after a few years, HDF intends to provide only the nutrient the grass crop needs, once
the soil conditions improve and the farm nutrient balance and management becomes a "maintenance" operation.
Until then, additional phosphorus, beyond the crop demand, is allowable in soils with low phosphorus leaching
properties, per the NRCS Risk Analyses.

“As previously mentioned, nutrient management and mass balance analyses are dynamic and are influenced by the
many different environmental variables that enter into nutrient cycle planning from grass yields, stocking density,
manure nutrient content, soil nutrient content, and crop nutrient content.

Please refer to the NBA, Page 73:

ʹͶǤ ative impacts of intentional over application of phosphorus.

See previous responses. Cutting grass at frequent intervals simulates grazing. The thatch of the kikuyu minimizes
compaction and reduced yields commented upon. HDF did not over-fertilize the grass trial areas beyond the HDF’s
grass & forage expert’s recommended fertilizer application rates, or over-irrigate based upon visual observation.

23. The grass yield and nutrient uptake are from a farm trial that is not supported by any raw data, data
analysis, or discussion of the scientific analysis and scientific design of the trial to validate the results.

Refer to Volume 5, Appendix C – C for additional responses to comments regarding manure related insects.

Watering troughs will contain water for the period of 12 to 24 hours when cows are utilizing the troughs in the
occupied paddocks. HDF personnel will fill troughs just before the cow “mobs” enter the paddock(s) for the grazing
period; troughs will be emptied after the cows are moved to another paddock. Troughs will be managed to prevent
mosquito breeding.

22. HDF fails to discuss mitigation for livestock water troughs which will provide ideal habitat for
mosquito breeding.

The latitude and longitude used for determining the evapotranspiration rates and references for the crop were
taken from the center of the farm and not in the low end of the valley. The center of the farm is most
representative and directly applicable to sizing of the dairy facilities.

21. The significant variability of rainfall across the farm is not considered in HDF’s yield estimates,
irrigation and manure application rates, and nutrient balance.

per 48-hour cycle, may be required at some point. Thus, the infrastructure system, including the pivots, as well as
the irrigation water source, Waita Reservoir, should be sized and able to supply for a possible “upper-end”
application rate. The rate of 0.48 inches per 48 hour cycle, or 0.24 inches per day was chosen. This is used to size
the system and not indicative of the everyday application of irrigation. However, in a standard engineering design,
infrastructure is oversized to allow for losses to inefficiencies and allows some buffer, and in this case, the upper
end rate is no different.

As previously mentioned in the responses and in the NBA, irrigation amounts will vary based upon the actual
irrigation demand. While a typical application may be close to 0.39 inches per 48-hour cycle in the summer
months, in standard engineering design, one does not plan for exactly 0.39 inches of irrigation per 48 hour cycle.
Assuming loss to equipment efficiencies (20%) and no inclusion of liquid effluent, as well as drier than average
conditions meaning increased irrigation demand, it stands to reason that irrigation demands exceeding 0.43 inches

20. HDF presents multiple irrigation application rates and most of them are in excess of soil infiltration
rates on at least part of the soil under each irrigation method.

From a nutrient balance and nutrient accounting standpoint, the annual weighted yield average accounts for the
lower yields expected from non-irrigated portions of the pasture and during the winter months, and incorporates
that into the nutrient uptake (an overall lower yield average means less overall nutrient uptake). Proper
management of the farm’s operation, by season, is critical to ensure that the non-irrigated areas are utilized
properly, especially in the winter months.

HDF will manage the application of nutrients, from each application type (as-excreted, liquid effluent, slurry) based
upon if the field is irrigated or non-irrigated. Irrigated fields with higher yields will be utilized more in the 18-day
rotation cycle, while non-irrigated fields with lower yields will be utilized less as part of the 18-day rotation
depending on the yields obtained, to ensure that nutrients are not over applied. Because the slurry application is
expected to occur infrequently (typically spaced between 3-6 weeks apart), application of slurry nutrients to nonirrigated fields will still not exceed the agronomic need of nutrients for the crop. Even if the application is more
frequent (every 3 weeks), less nutrients will be applied per slurry application as less solids have built up in the
settling ponds at the dairy facility.

Incorporating these factors into the grass yield estimates, HDF believes that 16.3 tons of DM per acre per year is a
conservative and realistic weighted yield goal which meets NRCS Conservation Practice Standard - Nutrient
Management Code 590 requirements for both irrigated and non-irrigated fields combined and accounts for
seasonal variability. Code 590 requires that a realistic yield goal be used in the planning of a new dairy operation.
The 16.3 tons of DM per acre per year is a conservative production estimate, considering the irrigated fields can
yield over 20 tons of DM per acre per year in the summer and between 15-18 tons DM per acre per year in the
winter. It also takes into account the reduction in yields from non-irrigated fields.

Farms n’ Forages also has experience with non-irrigated pastures in Hawaii and have previously measured
approximately 30 to 40 percent greater yields in irrigated pastures than in non-irrigated pastures. Approximately
74 percent of HDF’s pastures are irrigated and 26 percent are non-irrigated, and must be taken into account in the
yield estimates, as noted by the comments.

HDF understands the concerns regarding non-irrigated areas and their lower potential yields. HDF has conducted
over 2 years of grass yield trials on HDF sites, and has engaged Farms n’ Forages to complete these trials. Farms n’
Forages has extensive experience in grass and forage production on each of the major islands in the State of
Hawaii. Based upon the field trials, utilizing primarily kikuyu grass mixed with some guinea grass, and
interspersed with diversified forages from November to March, yields on the HDF site range from 17 tons DM per
acre per year to over 20 tons DM per acre per year, with appropriate fertilizer and irrigation applications that do
not exceed the agronomic need of the crop. These yields often exceeded 20 tons DM per acre per year in the
summer months and lowered to between 15 and 18 tons DM per acre per year in the winter months (with
diversified forage). This was verified by forage testing and on-site soil sampling performed by Farms n’ Forages
(grass yields), Spectrum Analytics (soils and fertility recommendations), Cumberland Valley Analytic Services
(grass nutrient) as well as Dr. Yost (soils and fertility recommendations).

ͳͻǤ           -irrigated pasture which is documented in
ஒΦted yield.

The rain gauge used for the NBA is located near the taro farm, and not in the very low end or the upper end of the
entire valley. The rain gauge used is appropriate for sizing of the effluent ponds. The majority of the farm is on the
lower gentle slopes of the valley, away from the adjacent valley walls, and the NOAA rain gauge is representative of
a relatively consistent site.

Refer to previous responses regarding the grass trials regarding phosphorus uptake in Kikuyu.
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As indicated, some paddocks may not receive nutrients if the paddock cannot be managed at that time. As noted,
“less than two days after heavy rain and with management of surface water after a significant rain event (diversion
to a retention area, etc.), the soils are observed to be dry enough to graze, even without a Kikuyu thatch.”

27. HDF’s nutrient balance calculations fail to consider using reduced land areas for manure application
even though the report identifies the limitations of many paddocks and presents addition of drains that
are not well defined.

HDF has taken appropriate steps and acted in good faith to expand the available storage capacity of the ponds and
includes extra storage capacity within a downstream berm, designed to hold an additional 30 days of effluent
storage at 2,000 mature dairy cows or over 1 million gallons of liquid. The additional capacity is well beyond what
is required by the State of Hawaii and by NRCS Conservation Practice Standards and technical guidance. Such a
berm and other retention areas adjacent to raised raceways on-site would assist with keeping as much effluent on
the fields instead of in the waterways if the pond were emptied.

The USDA, NRCS, EPA, and standard industry practices ensure that the effluent pond systems are designed to
withstand major storm events. However, regulations also allow for potential effluent discharges for extreme storm
events or cataclysmic events. While scenarios such as this are unfortunate, they cannot be completely prevented.

26. HDF plans to empty the manure storage ponds onto paddocks prior to cataclysmic storms but fails to
provide analysis of environmental impacts or mitigation.

Refer to the previous responses regarding the use of two management styles for soils, analysis by manure
application types, the monthly and annual bases for weather and precipitation, conservatively analyzed and
realistic grass yields, and varied irrigation to meet the agronomic need of the crop.

25. The HDF has erroneously used average soil conditions, average manure applications, average weather,
average irrigation, and average yields to present a flawed nutrient balance.

ʹͻǤ                
rainfall across the farm.

Refer to G70’s responses to the Deanne Meyer report regarding manure production. Manure production estimates
are more realistic and specific at 90.8 lbs. per day per mature dairy cow.
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Refer to the responses above and Group 70’s responses to the Deanne Meyer Report (2016) in Appendix F – F, with
respect to the total nitrogen associated with manure from up to 2,000 mature dairy cows from HDF. The model
prepared by the commenters, yielding 592,029 lbs. of nitrogen applied and 335,934 lbs. of nitrogen loss is based
upon standards last updated in 2005 that do not represent HDF’s pastoral-based, rotational grazing system and
ignore field-gathered, laboratory-tested data including grass yields and nutrient uptake analyses. Their models do
not use farm-specific animals, dietary inputs, and have not accounted for changes in genetics, management
systems, and nutritional advances over the past 16 years. (1) Journal of Dairy Science 98:6361–6380 The Cornell
Net Carbohydrate and Protein System: Updates to the model and evaluation of version 6.5 M. E. Van Amburgh, et. al.
(2) JDS 95 :2004–2014 Development and evaluation of equations in the Cornell Net Carbohydrate and Protein System
to predict nitrogen excretion in lactating dairy cows R. J. Higgs, et. al. (3) JDS 81: 2029 - 2039 Evaluation and
Application of the Cornell Net Carbohydrate and Protein System for Dairy Cows Fed Diets Based on Pasture Kolver, E.S.
et al.

30. Appendix E underestimates the total nitrogen associated with manure from 2000 cows by 100,000
pounds per year.

 ¢¢ᦣóͻͶͳǤͳǡ 
annual precipitation rate of 44.26 inches. The rain gauge data provides real time data that can be used to
accurately size monthly irrigation demands shown in Table 12 of the NBA, on page 37.

The Rainfall Atlas of Hawaii rainfall information is provided in Table 1 of the Nutrient Balance Analysis (pg. 10).
These average rainfall totals are used to size the waste management systems, as required by the DOH Guidelines
for Livestock Management. It shows a total annual precipitation of 49.95 inches, and a rainfall from the month of
November (6-inches) is used for sizing of the effluent ponds.

28. Potential increases of nitrogen and phosphorus leaving the proposed HDF site are underestimated by
use of the flawed nutrient balance analysis as the basis of nutrient availability.
Refer to previous responses as to the accuracy and the preparation of the Nutrient Balance Analysis report, which
the comments mischaracterize as “errors and omissions”.

Proper management of the rotation of mobs will ensure that certain operationally challenging areas be utilized
only when there are no anticipated significant rain events and not utilized when significant rain is forecast.
Paddocks identified as potentially having drains will be managed so that they are not used during anticipated
significant rain events ensuring that there are no cows and therefore no manure that could be collected by runoff
and enter into a drain.

All paddocks and pasture will receive nutrients, but their conditions will dictate whether a given paddock will
receive nutrients at a particular point in time. However, available storage in the ponds should attenuate for
situations where additional effluent must be stored since it cannot be applied to certain paddocks at a particular
point in time. Additionally, as yields increase, more nutrients may be utilized on site.

HDF would also not increase the herd size immediately to 2,000 cows if the phosphorus application exceeded the
agronomic need of the crop and the optimum soil phosphorus content. The 3,700 lbs. of excess phosphorus per
year is only estimated at exactly 2,000 cows, and does not take into account how HDF’s operations could grow
through a reasonable incremental increase in animals on the farm. The excess phosphorus also does not reflect
points in time when the farm is operating somewhere in between 699 mature dairy cows and up to 2,000 mature
dairy cows. Once the farm is established, HDF may elect to mitigate phosphorus by reducing the herd size to less
than 2,000 cows, or by increasing the grass yield beyond 16.3 tons DM per acre per year which is highly likely.
Increased yields result in increased overall nutrient uptake and removal from the soil profile.

current soil nutrient content to maximize productivity for the grass crop during the establishment phase of the
pasture. The planned application of phosphorus, even for the 2,000 mature dairy cow herd is approximately
91,000 lbs. annually, of which around 87,300 lbs. will be taken up by the forage. Stated differently, the 91,000 lbs.
of phosphorus per year exceeds the crop uptake demand at a grass yield of 16.3 tons of DM per acre per year by
about 3,700 lbs. of phosphorus. The planned amount of 91,000 lbs. per year of applied phosphorus in this scenario,
however, is only a fraction of what could be initially applied to improve soil conditions as recommended by Dr.
Russell Yost when soil nutrient content was measured. At 699 mature dairy cows and 150 calves, there is simply a
deficit of nutrient to meet crop demand, regardless of the soil nutrient conditions.”
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HDF’s nutrient balance for the farm with 2000 cows indicates that on an annual basis, 490,200 pounds of nitrogen will
be needed to grow the grass (Table 7 of Appendix E). 432,664 pounds (88 percent) would be from the manure
produced by the cows and 57,536 pounds (12 percent) would be applied in fertilizer. The CH2M Hill model computes
the nitrogen discharge from the farm with 2000 cows would be 335,934 pounds in a year or 69 percent of the nitrogen
required to grow the grass. If CH2M Hill’s model result is even remotely correct, the grass could not be grown and the
farm could not exist. CH2M Hill’s model result is completely unrealistic (Nance).

The model presented by CH2M Hill is based upon the LÄhu‘e rain gauge as well as an unrealistic amount of rainfall,
 ¢¢ᦣó site. It assumes the fields are constantly rained upon based
on worst-case LÄhu‘e ¢¢ᦣóǡ
constantly saturated. This is not supported by visual observations and is in no way how HDF will operate. As a
result, such a loss rate of nutrient (57%) is unrealistic and highly exaggerated and would not support any grass
growth in the valley.

Refer to the responses above and Group 70’s responses to the Deanne Meyer Report (2016) in Volume 5, Appendix
F – F, with respect to the potential contribution of nutrients to the environment from HDF at up to 2,000 mature
dairy animals. The model prepared by the commenters, yielding 592,029 lbs. of nitrogen applied and 335,934 lbs.
of nitrogen loss is based upon standards last updated in 2005 that do not represent HDF’s pastoral-based,
rotational grazing system and ignore field-gathered, laboratory-tested data including grass yields and nutrient
uptake analyses. Their models do not use farm-specific animals, dietary inputs, and have not accounted for
changes in genetics, management systems, and nutritional advances over the past 16 years. (1) Journal of Dairy
Science 98:6361–6380 The Cornell Net Carbohydrate and Protein System: Updates to the model and evaluation of
version 6.5 M. E. Van Amburgh, et. al. (2) JDS 95 :2004–2014 Development and evaluation of equations in the Cornell
Net Carbohydrate and Protein System to predict nitrogen excretion in lactating dairy cows R. J. Higgs, et. al. (3) JDS
81: 2029 - 2039 Evaluation and Application of the Cornell Net Carbohydrate and Protein System for Dairy Cows Fed
Diets Based on Pasture Kolver, E.S. et al.

32. HDF uses first order approximations to erroneously predict the impact to the local environment as only
26 percent of the existing nitrogen discharges but CH2M’s modeling calculates the nitrogen discharge from
2000 cows at 870 percent of existing nitrogen discharges.

Refer to the previous response to the total nutrient mass balance for HDF, and its calibration to a current manure
modeling system (Cornell Net Carbohydrate Protein System- CNCPS) and based on actual field trials for nutrient
uptake by the forage. The characterization that the NBA is a first order approximation is incorrect as it is based
upon detailed milk production and manure production modeling based upon field gathered, laboratory-tested
grass trials. The model used by the commenters and nutrient numbers from Deanne Meyer are based upon “book
values” from nearly 20 years ago from an industrial-type dairy which is not characteristic of HDF (Atlantic Dairy
Consulting, Robert Fry, DVM).

31. The use of a first order approximation underestimates the loss of nitrogen to the environment by a
quarter of a million pounds per year for 2000 cows.

The model presented by CH2M Hill is based upon the LÄhu‘e rain gauge as well as an unrealistic amount of rainfall,
         ¢¢ᦣó Ǥ  See previous responses above as to why the
¢¢ஒó ÄǮ rain gauge. It assumes the
fields are constantly rained upon based on worst-case LÄhu‘e ¢¢ᦣóǡ
and therefore assumes the fields are constantly saturated. This is not supported by visual observations and is in no
way how HDF will operate. As a result, such a loss rate of nutrient (57 percent) is unrealistic and highly
exaggerated and would not support any grass growth in the valley.
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The model presented by CH2M Hill is based upon the LÄhu‘e rain gauge as well as an unrealistic amount of rainfall,
both of which are not representati¢¢ᦣóǤ  
on worst-case LÄhu‘e ¢¢ᦣóǡ
constantly saturated. This is not supported by visual observations and is in no way how HDF will operate. As a
result, such a loss rate of nutrient (57%) is unrealistic and highly exaggerated and would not support any grass
growth in the valley.

Refer to the responses above and Group 70’s responses to the Deanne Meyer Report (2016) in Volume 5, Appendix
F – F, with respect to the potential contribution of nutrients to the environment from HDF at up to 2,000 mature
dairy animals. The model prepared by the commenters, yielding 592,029 lbs. of nitrogen applied and 335,934 lbs.
of nitrogen loss is based upon standards last updated in 2005 that do not represent HDF’s pastoral-based,
rotational grazing system and ignore field-gathered, laboratory-tested data including grass yields and nutrient
uptake analyses. Their models do not use farm-specific animals, dietary inputs, and have not accounted for
changes in genetics, management systems, and nutritional advances over the past 16 years. (1) Journal of Dairy
Science 98:6361–6380 The Cornell Net Carbohydrate and Protein System: Updates to the model and evaluation of
version 6.5 M. E. Van Amburgh, et. al. (2) JDS 95 :2004–2014 Development and evaluation of equations in the Cornell
Net Carbohydrate and Protein System to predict nitrogen excretion in lactating dairy cows R. J. Higgs, et. al. (3) JDS
81: 2029 - 2039 Evaluation and Application of the Cornell Net Carbohydrate and Protein System for Dairy Cows Fed
Diets Based on Pasture Kolver, E.S. et al.

͵ͶǤ horeline were made with consideration of low levels of nitrogen and
phosphorus which are not correct.

The model presented by CH2M Hill is based upon the LÄhu‘e rain gauge as well as an unrealistic amount of rainfall,
bot ¢¢ᦣóǤ  
on worst-case LÄhu‘e ¢¢ᦣóǡ
constantly saturated. This is not supported by visual observations and is in no way how HDF will operate. As a
result, such a loss rate of nutrient (57%) is unrealistic and highly exaggerated and would not support any grass
growth in the valley.

Refer to the responses above and Group 70’s responses to the Deanne Meyer Report (2016) in Volume 5, Appendix
F – F, with respect to the potential contribution of nutrients to the environment from HDF at up to 2,000 mature
dairy animals. The model prepared by the commenters, yielding 592,029 lbs. of nitrogen applied and 335,934 lbs.
of nitrogen loss is based upon standards last updated in 2005 that do not represent HDF’s pastoral-based,
rotational grazing system and ignore field-gathered, laboratory-tested data including grass yields and nutrient
uptake analyses. Their models do not use farm-specific animals, dietary inputs, and have not accounted for
changes in genetics, management systems, and nutritional advances over the past 16 years. (1) Journal of Dairy
Science 98:6361–6380 The Cornell Net Carbohydrate and Protein System: Updates to the model and evaluation of
version 6.5 M. E. Van Amburgh, et. al. (2) JDS 95 :2004–2014 Development and evaluation of equations in the Cornell
Net Carbohydrate and Protein System to predict nitrogen excretion in lactating dairy cows R. J. Higgs, et. al. (3) JDS
81: 2029 - 2039 Evaluation and Application of the Cornell Net Carbohydrate and Protein System for Dairy Cows Fed
Diets Based on Pasture Kolver, E.S. et al.

33. It is unfortunate that the scientists that prepared each appendix have used the erroneous data from
the Group 70 and Red Barn DEIS as the base assumption for nutrient balances and water balances. Most of
the same comments made previously apply to this report where the previously discussed incorrect data is
used.
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HDF will not be altering any of the major drainage ways within the valley.

Kikuyu forms a thick thatch that essentially reduces compaction and absorbs and can even block runoff. Even in
the winter months, where diversified forages will be used, the Kikuyu thatch will be maintained by using no-till
planting methods when diversified forages must be planted in November and December to boost forage yields.
Conditions under good pasture management with a thick Kikuyu thatch are expected to improve runoff retention,
increase time of concentrations, and reduce peak flows from rainfall that lands on the pasture. Irrigation is not
considered a factor in peak runoff calculations, especially if HDF has agreed to not irrigate the fields with effluent
within 2 days of forecasted heavy rain and 2 days following.

35. Appendix K of the DEIS erroneously states that the proposed dairy is not expected to significantly
impact drainage conditions and peak flow patterns on the farm.

