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 1. General Information 
 
  (a) Facility Name: Hu Honua Bioenergy, LLC 
 
  (b) Address: 28-283 Sugar Mill Road 
     Pepeekeo, Hawaii  96783 
 
  (c) Applicant (Permittee): Hu Honua Bioenergy, LLC 
 
 
2. Physical Characteristics of the Area 
 

(a) Location and Accessibility.  The Hu Honua Bioenergy, LLC (HHB) power plant is located at 
the site of the former Pepeekeo Sugar Mill in Pepeekeo, Hawaii.  There is vehicular access 
to and into the power plant site as well as to the three (3) disposal wells on the site. 

 
(b) Climate.  The site is located along Hawaii Island’s relatively wet Hamakua coast.  Average 

annual rainfall is about 130 inches. 
 

(c) Topography.  The site is on the nearshore slope of the Mauna Kea lavas.  Elevations range 
from about 60 to 70 feet at the edge of the shoreline cliffs to about 150 feet at the inland 
end of the site.  Average mauka to makai slope across the site is about seven (7) percent. 

 
(d) Geologic and Foundation Conditions.  The entire site is underlain by Hamakua series lavas 

from Mauna Kea.  Foundation conditions are excellent. 
 

(e) Earthquake Considerations.  All of the Big Island is classified as Seismic Zone 4 for the 
purposes of the building code.  Seismic hazard maps published by the U. S. Geological 
Survey show a lesser risk in Pepeekeo than in the southern half of the island.  The design 
of the disposal wells does not specifically incorporate earthquake considerations. 

 
(f) Flood Potential Including Tsunami Inundation Zones.  The power plant site is not located in 

the vicinity of a significant-sized waterway, so potential flooding by runoff is not an issue.  
Also, due to its elevation, the HHB site is not in a County-delineated tsunami evacuation 
zone. 

 
  (g) Conformance with Local Land Use Planning and Zoning Regulations.  The three disposal 

wells are on TMK 2-8-008:104.  This parcel is in the Urban State Land Use District and has 
MG-5a (General Industrial) County Zoning.  Use of the UIC wells for disposal of the power 
plant’s cooling water is in conformance with these land use regulations. 

 
  (h) Sensitive Natural or Community Related Environments.  As far as is known, construction 

and operation of the UIC wells will have no impact on sensitive natural environments.  
Some members of the community have expressed concern regarding the potential impact 
to the marine environment from the temperature of the cooling water discharge and the 
Department of Water Supply has expressed concerns regarding the impact on basal 
groundwater pumped by its Kulaimano Well.  Originally, the plant’s source of cooling water 
was to be brackish basal groundwater that would be warmed about 17°F prior to discharge 
into the basal lens tapped by the UIC wells.  Since the discharged water would be 
significantly warmer than the receiving ocean water offshore, a need to address its impact 
was reasonable.  For this and other reasons, significant changes to the original plan have 
been made.  The source of the cooling water will be cold saline groundwater drawn from 
1000 to 1300 feet below ground.  After being warmed by about 17°F, the temperature of the 
discharged cooling water will be about the same as the receiving ocean water offshore.  Its 
disposal into the UIC wells will be into the saltwater zone below the basal groundwater.  
These changes, as documented by testing and monitoring reported herein, essentially 
eliminate the concern for a thermal impact offshore and to the overlying basal lens onshore.
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There has also been some concern regarding chemical additives in the once through, non-
contact cooling water that will be delivered to the disposal wells.  The cooling water has a 
high mineral content which is essentially the same as seawater.  To minimize possible 
mineral precipitation in the supply and discharge pipelines, a manganese dispersant (Nalco 
3 DT 120) may be used as an additive.  If used, it would likely be added to create a 
concentration of about two (2) parts per million.  The MSDS sheets for this dispersant are 
an attachment to the UIC application.  It is classified as not hazardous under 29 CFR 
1910.1200, OSHA’s occupational safety and health standard. 

 
 
3. Injection Well System 
 

(a) Number of Injection Wells Constructed.  Three (3).  They are known as and referred to 
herein as UIC-1, UIC-2, and UIC-3. 

 
(b) Dates of Construction or Modification.  Construction of the wells was started in July 2018 

and was completed in October 2020. 
 

(c) Security from Unauthorized Access.  The power plant site is completely fenced and the 
entrance is either manned by a security guard or is locked. 

 
(d) Site Plan Showing Locations of the Disposal Wells.  Locations of the wells are shown on 

Figure 1. 
 
(e) As-Built Drawings of the Disposal Wells:  As-built drawings for UIC-1 and UIC-2 are shown 

on Figure 2.  The as-built drawing for UIC-3 is shown on Figure 3.  All three (3) wells have 
identical casing dimensions and depths, consisting of 440 feet of 20-inch solid casing, 200 
feet of 20-inch louvered casing, and 160 feet of 24-inch open hole below the bottom of the 
louvered casing for a total depth of 800 feet.  The annular space around the solid casing of 
UIC-1 and UIC-2 is grouted down to the cement baskets at 435-foot depth so that disposal 
is exclusively into the saline zone from 435 to 800 feet below ground.  The only difference 
among the wells is that UIC-3 has an additional (stainless steel) sounding tube in the 
annular space between the 20-inch well casing and borehole.  It extends to a depth of 320 
feet below ground with the lowest 250 feet perforated.  It was installed so that changes in 
the overlying basal lens in response to disposal in the saline zone below could be 
monitored (refer to Figure 3). 

 
Delivery of the plant’s heated cooling water into each well will be via a 14-inch, 200-foot-
long drop pipe.  The drop pipe is stabilized in the 20-inch well casing by stabilizers at 180- 
and 200-foot depths.  The drop pipes are open at the bottom.  Water level response in the 
saline zone during disposal can be measured in the 1¼-inch PVC sounding tubes installed 
in all three (3) wells. 

 
 
4. Hydrogeologic Characteristics 
 

(a) Well Log (Geologic Profile) by Geologist.  The well logs for all three (3) wells are in 
Appendix A at the end of this report. 

 
  (b) Injection Testing.  Short term preliminary testing was undertaken to confirm that the well 

design illustrated on Figures 2 and 3 would provide sufficient capacity to handle the plant’s 
continuous 15,000 GPM disposal rate.  Testing to demonstrate this capacity was done in 
three tests:  in December 2020 for 96 hours; in June 28 to July 2, 2021 for 96 hours; and on 
July 7, 2021 in a short-term test.  Complete results of this testing are presented in 
Appendices B, C, and D.  Based on the testing on July 7, 2021 the maximum capacities of 
each of the three wells are as follows: 



CW-1 (8-5005-03) 19o 50' 
36.8" N
-155o 05" 06.7" W

CW-2 (8-5005-04) 19o 50' 
38.7" N
-155o 05" 05.9" W

CW-3 (8-5005-05) 19o 50' 
39.5" N
155o 05" 05.4" W

CW-4 (8-5005-09) 19o 50' 
37.8" N
-155o 05" 07.9" W

UIC-1

19o 50' 33.22" N (19.84256) 
-155o 5' 7.40" W (-155.08539)

UIC-2

19o 50' 32.68" N (19.8424119) 
-155o 5' 7.59" W (-155.08544362)

UIC-3

19o 50' 32.12" N (19.84225579) 
-155o 5' 7.75" W (-155.0858802)

~ 370 ft
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Raynette
Text Box
..Figure 1..Locations of the Three UIC Disposal Wellson the Hu Honua Bioenergy Site
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Raynette
Text Box
..Figure 2..As-Built Cross Section of theUIC-1 and UIC-2 Disposal Wells...Not to Scale
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Raynette
Text Box
..Figure 3..As-Built Cross Section of theUIC-3 Disposal Well...Not to Scale
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Well Name 

Maximum Safe Capacity 
(GPM) 

UIC-1 4,000 

UIC-2 7,000 

UIC-3 >15,000 
 
 
  (c) Groundwater Characteristics. 
 
   (i) Initial and Subsequent Water Levels.  As drilled and prior to casing installation, water 

levels in the disposal wells were at about seven (7) feet MSL with substantial tidal 
variation.  After casing installation and displacement of the brackish water from the 
inside of each well, the water levels dropped to approximately mean sea level with 
substantial tidal variation. 

 
   (ii) Tidal Fluctuations and Efficiency.  Figure 4 illustrates the tidal variations in the wells 

(prior to casing installation) in comparison to the tide recorded by NOAA in Hilo 
Harbor.  It should be noted that the plots of the well water levels are offset for clarity.  
They would otherwise plot on top of each other.  In comparison to the ocean tide 
recorded in Hilo Harbor, tidal efficiency in all three (3) wells is between 60 to 65 
percent and the tidal delay is between 20 and 30 minutes. 

 
   (iii) Continuous Profiles of Salinity, Temperature, and Dissolved Oxygen.  All profiles 

through the water columns of the wells as presented in this section were made in the 
open boreholes before casing installation or any preliminary testing.  Figures 5 and 6 
present the comparative salinity and temperature profiles of all three (3) disposal 
wells.  They show a very abrupt transition from the warmer brackish water above to 
the colder saline water below occurring at about 355-foot depth into groundwater.  
There is a massive lava flow at this depth which functions as an aquiclude.  The areal 
extent of this layer is not known.  However, the salinity and temperature profiles of 
the CW-2 and CW-4 supply wells on Figures 7 and 8, as well as video logs, show 
that this layer does exist in the vicinity of the supply wells. 

 
    The dissolved oxygen (DO) profiles for the three (3) disposal wells, shown in 

milligrams per liter and as percent saturation, are presented on Figures 9, 10, and 11.  
The abrupt transition shown in the salinity and temperature profiles also exists for 
DO.  In the saline zone, DO values are typically 0.35 to 0.40 MG/L, equivalent to 
saturations of less than five (5) percent. 

 
   (iv) Well Dimensions Relative to Encountered Groundwater Conditions.  Based on the 

salinity profiles and on the video logs, the choice was to limit disposal into the saline 
water below the 13-foot thick, essentially impermeable layer which functions as an 
aquiclude.  Figure 12 compares the UIC-1 well’s various dimensions as illustrated on 
Figure 3 with the salinity of the groundwater.  All disposal will occur between 440 and 
800 feet below ground, the saltwater zone below the aquiclude. 

 
    Figure 13 compares formation permeability, as inferred from a detailed examination 

of the video log by Integral Consulting Inc., with the salinity profile through water 
column of UIC-1.  Including the massive and essentially impermeable flow from 434- 
to 447-foot depth, there are nine such zones from there to the bottom of the well 
which vary in thickness from seven (7) to 27 feet and occupy a 130 feet of the 360 
feet into which disposal will occur. 
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   (v) Water Samples Collected from Zones of Distinctly Different Intervals.  Based on 
discussions with DOH-UIC staff regarding the close proximity of the wells to each 
other, it was decided to limit sampling from the UIC-1 and UIC-3 wells.  There are 
three (3) distinct zones to consider for sampling: the overlying brackish water; the 
abrupt transition zone; and the saline groundwater at depth.  Table 1 presents the 
sample results from UIC-1 at these three (3) depths.  Lab analysis was done by 
Hawaii Food & Water Testing as stated in the note at the bottom of the table.  A 
number of these results were clearly not accurate, are internally inconsistent, and are 
significantly different from results of the salinity, temperature, and dissolved oxygen 
profiles presented previously.  Based on the profiles through the water column in the 
UIC-1 well, more accurate values of chlorides, specific conductance, and total 
dissolved solids at the three depths into water are as follows: 

 
     Corrected Values of Chlorides, Specific Conductance, 
     and Total Dissolved Solids in the UIC-1 Water Column 

Parameter Unit 
Sample Depth into Water 

199 Feet 354 Feet 554 Feet 

Chlorides MG/L 820 4,960 15,400 

Specific Conductance µS/cm 2750 15,900 43,200 

Total Dissolved Solids MG/L 1600 9,300 27,800 
 
 
    As discussed with DOH-UIC personnel to avoid repeating the inaccuracies of the 

sampling of UIC-1, values of specific conductance, dissolved oxygen, and 
temperature were taken from the CTD profiling for UIC-3, limiting the constituents 
analyzed by Hawaii Food & Water Testing to chlorides, TDS, and nitrate plus nitrite.  
Results are compiled in Table 2.  The lab’s chloride and TDS results for the two 
deeper samples are obviously inaccurate.  Corrected values based on the 
conductivity and salinity profiling with the CTD instrument are as follows: 

 
      Corrected Chlorides and Total Dissolved Solids 
     for the Samples at depth in the UIC-3 Well 

Parameter Unit 
Samples Depth into Water 

354 Feet 554 Feet 

Specific Conductance µS/cm 11,600 51,200 

Chlorides MG/L 3,600 18,600 

Total Dissolved Solids MG/L 6,600 33,600 
 
 
 
5. Special Conditions to be Addressed in this Report 
 

(a) Discuss Permit Conditions 6 to 9. 
 

(i) Condition 6 – Identify All Drinking Water Wells within 1/4 Mile.  There are no drinking 
water wells within 1/4 mile of any of HHB’s disposal wells.  The nearest drinking 
water well is the Department of Water Supply’s Kulaimano Well, also identified as 
State No. 5006-001.  Its location is shown on Figure 14.  Based on Google Earth, it  
 



Table 1

Results of Discrete Water Samples from the
UIC-1 Open Borehole on November 15, 2019

Parameter Unit
Sample Depth into Water

199 Feet 354 Feet 554 Feet

Chlorides MG/L 1,100 7,000 24,000

Specific Conductance μS/cm 3,800 22,000 56,000

Dissolved Oxygen MG/L 6.4 1.2 1.2

Field pH pH Unit 7.4 7.3 7.5

Field Temperature °F 73.4 71.2 66.6

Nitrate + Nitrite as N MG/L 0.5 0.4 < 0.1

Total Dissolved Solids MG/L 2,520 14,000 41,600

Note: Field pH and temperature measured onsite.  Other parameter values by Hawaii 
Food & Water Testing (with Weck Laboratories as a subcontracted lab for Specific 
Conductance).

Table 2

Results of Discrete Water Samples from the
UIC-3 Open Borehole on May 14, 2020

Parameter Unit
Sample Depth into Water

199 Feet 354 Feet 554 Feet

Chlorides MG/L 170 6,500 24,000

Specific Conductance μS/cm 1,750 11,600 51,200

Dissolved Oxygen MG/L 5.65 2.45 0.37

Field pH pH Unit 7.4 6.2 5.7

Field Temperature °F 75.8 63.7 59.8

Nitrate + Nitrite as N MG/L 0.8 < 0.1 < 0.1

Total Dissolved Solids MG/L 570 12,400 41,900

Note:  Values of Chlorides, TDS, and Nitrate + Nitrite as N analyzed by Hawaii Food & 
Water Testing.  Field pH measured onsite.  Values of specific conductance, dissolved 
oxygen, and temperature based on continuous profiling through the water column.

o_19-29 - 18 -
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..Figure 14..Locations of Wells Inland of the Hu Honua Bioenergy Site
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is about 5100 feet away from the HHB disposal wells and 5450 feet away from HHB 
supply wells.  Since HHB’s two (2) Mauka wells, which are also shown on Figure 12, 
are much closer, monitoring responses in them was undertaken rather than in the 
more distant Kulaimano Well. 
 

(ii) Condition 7 – Comply with Applicable Conditions Stipulated in HAR, Section 11-23-
10.  This section of HAR provides for the protection of artesian aquifers.  It is 
specifically aimed at the situation where an artesian aquifer is overlain by an 
essentially impermeable formation commonly referred to as a caprock.  This 
condition was not encountered and does not exist anywhere across the HHB site.  
As such, the disposal and supply wells are in full compliance with this section of the 
HAR. 
 

(iii) Condition 8 – Artesian Groundwater.  No artesian groundwater was encountered in 
drilling any of the three (3) disposal wells.  Also, no artesian water was encountered 
in any of the plant’s four supply wells. 

 
(iv) Condition 9 – Void, Lava Tube, or Solution Cavity Three (3) Feet or More in Diameter 

or Depth.  As listed in the logs of the disposal wells in Appendix A of this report, no 
natural or dissolution cavities of this size were encountered in drilling the three (3) 
HHB disposal wells. 

 
(b) Ocean Floor Temperature Monitoring Results.  Ocean floor temperature monitoring has 

been and continues to be conducted by Element Enviromental at 15 ocean floor sites 
directly off shore and at three sites about a half a mile to the south which function as 
nearby control sites.  There are two temperature loggers at each site, one on the ocean 
bottom held in place by a 50-pound weight and the other one meter above the bottom held 
in place by a line and a float.  The temperature loggers were installed in June 2019 and 
have been downloaded twice, first in July 2020 and then in May 2021.  They provide data 
for about two (2) years.  Results of this monitoring are presented in Appendix E.  
 

(c) Groundwater Modeling Report.  The report on the groundwater model prepared by Integral 
Consulting Inc. is submitted separately.  It covers two operating scenarios:  (1) with the 
CW-2, CW-3, and CW-4 wells operating to provide cold (60°F) saline groundwater for 
cooling drawn from 1000 to 1300 feet below ground; and (2) with CW-1, CW-2, and CW-4 
operating to provide somewhat warmer water of a salinity of approximately 60 percent of 
seawater.  The first scenario is the expected long-term operating scenario.  The second 
may be a short-term operating scenario if the CW-3 supply well is not yet operational at the 
plant’s start up or at any time when any of the three deeper supply wells is offline for 
maintenance or repair. 
 

(d) Offshore Coral Community Report.  A report on the offshore coral community prepared by 
Marine Research Consultants, Inc. is attached as Appendix F. 
 

(e) Potential Impact of the Hu Honua Power Plant on the County Department of Water 
Supply’s Kulaimano Well.  The Department of Water Supply (DWS) wrote two letters to the 
Safe Drinking Water Branch of the Department of Health (DOH-SDWB) regarding its 
concerns for the withdrawal and disposal of 21.6 MGD of groundwater for cooling of the Hu 
Honua power plant.  The first letter, dated March 12, 2019, was issued when the initial plan 
of 400-foot depths for the disposal wells was still in place.  The second letter, dated July 9, 
2019, was in response to Hu Honua’s request to DOH-UIC to deepen the disposal wells to 
800-foot depth and to limit the disposal into saline groundwater between 435- to 800-foot 
below ground depths.  The DWS letters requested monitoring of the groundwater to be 
done, a groundwater model to be developed, and that the UIC Permit to Operate be 
conditioned to reduce or stop operations if potential or actual adverse impacts to DWS’ well  
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should occur.  DWS’ nearest source is the Kulaimano Well, State No. 5006-001.  It is 5000 
feet from the HHB’s three disposal wells and about 5500 feet from HHB’s four cooling water 
supply wells (refer back to Figure 12).  With regard to the monitoring of the basal 
groundwater as requested by DWS, it has been and continues to be recorded at the 
following four locations:  (1) in the annular space of the CW-4 cooling water supply well; (2) 
in the annular space of the UIC-3 disposal well; (3) in the Mauka-1 offsite supply well; and 
(4) in the Mauka-2 offsite supply well.  During the two 96-hour disposal tests that have been 
conducted (December 14 to 18, 2020 and June 28 to July 2, 2021), no adverse impacts 
have been detected.  These are demonstrated in the appropriate graphs in Appendices B 
and C in this report. 
 
The DWS-requested groundwater model was developed by Integral Consulting Inc. and is 
submitted separately from this report.  It specifically addresses potential impacts on DWS’ 
Kulaimano Well. 
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  of Three Supply Wells 
 
 E Offshore Temperature Monitoring Report Prepared by Element Environmental LLC 
 
 F Assessment of the Offshore Coral Community by Marine Research Consultants, Inc. 
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Date Diameter 
(in.)

Geologic 
Label Sample Description and Remarks

12-Jul-2018 0 to 20 48 Fill Fill Material 
12-Jul-2018 20 to 58 48 nd nd

27-Jul-2018 58 to 73 36 Native soil dark reddish brown, moderately plastic, CLAY, some silt and angular cobbles

27-Jul-2018 73 to 75 36 Pahoehoe 
lava unweathered, gray, sparsely vesicular, aphanitic basalt.

27-Sep-2018 75 to 81 36 Pahoehoe 
lava slightly weathered, brownish-gray, sparsely vesicular aphanitic basalt.

27-Sep-2018 81 to 83 36 Cinder nd. Driller reports properties consistant with clay or ash layer.

28-Sep-2018 83 to 93 36 Pahoehoe and 
aa lava

slightly weathered, brownish gray, sparsely vesicular aphanitic basalt mixed 
with unweathered brown to black, highly vesicular aphanitic basalt.

29-Sep-2018 93 to 110 36 aa lava slightly weathered, gray to black and reddish-brown, highly vesicular, scarce 
olivine phenocrysts, basalt.

2-Oct-2018 110 to 114 36 aa lava slightly weathered, gray to black and reddish-brown, highly vesicular, scarce 
olivine phenocrysts, basalt.

2-Oct-2018 114 to 119 36 Pahoehoe 
lava unweathred, gray to black, basalt with some olivine phenocrysts, scarce vesicles.

2-Oct-2018 119 to 120 36 aa lava slightly weathered, brown and gray olivine basalt, scarce vesicles.
2-Oct-2018 120 to 122 36 nd nd

10-Oct-2018 122 to 127 24 aa lava slightly weathered, brown and gray basalt with trace olivine and plagioclase 
phenocrysts, scarce vesicles.

10-Oct-2018 127 to 134 24 pahoehoe 
lava

very slightly weathered, gray, nonvesicular, basalt with some olivine and augite 
phenocrysts.

10-Oct-2018 134 to 135 24 pahoehoe 
lava

slightly weathered, brown and gray basalt with trace olivine and plagioclase 
phenocrysts, scarce vesicles.

10-Oct-2018 135 to 137 24 pahoehoe 
lava

slightly weathered, gray and brown, nonvesicular basalt, with some olivine, 
plagioclase, and augite phenocrysts.

10-Oct-2018 137 to 138 24 pahoehoe 
lava

slightly weathered, gray and brown, basalt, with some olivine, plagioclase, and 
augite phenocrysts, some vesicles.

Depth Interval (ft. bgs)
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10-Oct-2018 138 to 139 24 small
nd. Encounter an approximatelly 8in void.

11-Oct-2018 138 to 138 24 Basalt Very slight weathering, grey-black basalt, highly vessicular, some olivine, and 
augite phenocrysts.  

11-Oct-2018 138 to 145 24 Basalt Slight weathering, brown-greyish black basalt, scarce vessicles, with olivine and 
plagioclase.

11-Oct-2018 145 to 146 24 Basalt Slightly weathered, grey to black basalt, scarce vessicles, with  olivine and 
augite. 

11-Oct-2018 146 to 151 24 Basalt Slightly weathered, green to grey, non-vessicular, basalt with olivine and augite. 

11-Oct-2018 151 to 158 24 Basalt Slightly more weathered, brown-grey, highly vessicular, basalt with olivine and 
plagioclase.

11-Oct-2018 158 to 167 24 Basalt Slightly more weathered, grey-dark grey, scarce vessicles, basalt with olivine, 
plagioclase, and some augite phenocrysts. 

12-Oct-2018 167 to 170 24 Basalt Very vessicular and porous,  minimal weathering, dark brown-black basalt 
dominated by augite and olivine.

12-Oct-2018 170 to 177 24 Basalt Very vessicular, dark brown-black basalt, lightly weathered, with olivine and 
augite. 

15-Oct-2018 177 to 181 24 Cinder Moderately weathered, black and reddish brown, aphanitic, vessicular cinder.

18-Oct-2018 181 to 185 24 Cinder Moderately weathered, black and reddish brown, aphanitic, vessicular cinder.

8-Nov-2018 205 to 209 24 Basalt Moderately weathered, black and red, slightly vesicular basalt with trace 
plagioclase phenocrysts.

8-Nov-2018 209 to 217 24 Basalt Unweathered, dark gray, massive, aphanitic basalt.

8-Nov-2018 217 to 219 24 Basalt Unweathered, dark gray, massive  basalt with trace olivine phenocrysts.

8-Nov-2018 219 to 242 24 Basalt Unweathered, dark gray, massive, aphanitic basalt.

8-Nov-2018 242 to 245 24 Basalt Moderately weathered, gray and brown, slightly vesicular basalt with abundant 
olivine phenocrysts.

8-Nov-2018 245 to 255 24 Basalt Slightly weathered, gray, slightly vesicular to massive basalt with abundant 
olivine phenocrysts.

10-Nov-2018 255 to 262 24 Basalt unweathered, gray, massive basalt with abundant olivine phenocrysts.
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10-Nov-2018 262 to 263 24 Basalt slightly weathered, gray and brown, slightly vesicular basalt with abundant 
olivine phenocrysts.

10-Nov-2018 263 to 268 24 Basalt moderately weathered, gray and red, slightly vesicular basalt with abundant 
plagioclase phenocrysts.

10-Nov-2018 268 to 270 24 Basalt moderately weathered, gray and brown, slightly vesicular basalt with abundant 
weathered olivine phenocrysts.

10-Nov-2018 270 to 272 24 Basalt moderately weathered, gray and brown, massive basalt with abundant 
weathered olivine phenocrysts.

10-Nov-2018 272 to 282 24 Basalt moderately weathered, gray and brown, massive, aphanitic basalt.
10-Nov-2018 282 to 287 24 Basalt slightly weathered, gray and brown, massive, aphanitic basalt.

10-Nov-2018 287 to 293 24 Basalt moderately weathered, gray and red, massive basalt with trace plagioclase 
phenocrysts.

10-Nov-2018 293 to 297 24 Basalt nd
13-Nov-2018 297 to 300 24 Basalt very slightly weathered, gray to black, massive, aphanitic basalt

13-Nov-2018 300 to 302 24 Basalt very slightly weathered, gray to black, moderately vesicular, aphanitic basalt

13-Nov-2018 302 to 309 24 Basalt very slightly weathered, gray to black, massive, aphanitic basalt

13-Nov-2018 309 to 310 24 Basalt moderately weathered, brown and gray, sllightly vesicular, basalt with trace 
olivine phenocrysts

13-Nov-2018 310 to 315 24 Basalt unweathered, gray, massive, basalt with abundant olivine phenocrysts
13-Nov-2018 315 to 319 24 Basalt very slightly weathered, gray to black, massive, aphanitic basalt
14-Nov-2018 319 to 321 24 Basalt unweathered, gray, massive, basalt with some olivine phenocrysts

14-Nov-2018 321 to 322 24 Basalt unweathered, gray, massive, basalt with trace olivine and plagioclase 
phenocrysts

14-Nov-2018 322 to 325 24 Basalt unweathered, gray, massive, basalt with abundant olivine phenocrysts

14-Nov-2018 325 to 328 24 Basalt moderately weathered, brown and gray, massive, basalt with trace olivine and 
plagioclase phenocrysts

14-Nov-2018 328 to 330 24 Basalt slightly weathered, gray and brown, slighly vesicular, basalt with trace 
plagioclase phenocrysts

14-Nov-2018 330 to 331 24 Basalt unweathered, gray, massive, basalt with some olivine phenocrysts

14-Nov-2018 331 to 333 24 Basalt slightly weathered, gray and brown, slighly vesicular, basalt with trace olivine 
phenocrysts
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14-Nov-2018 333 to 337 24 Basalt heavily weathered, brown, moderately vesicular, basalt with abundant 
unidentified weathered phenocrysts

14-Nov-2018 337 to 339 24 Basalt moderately weathered, dark brown and gray,massive, moderately vesicular, 
basalt.

15-Nov-2018 339 to 340 24 nd nd. Described as "hard rock".
15-Nov-2018 340 to 345 24 Cinder nd. Described as "cinder-like".
15-Nov-2018 345 to 370 24 nd nd. Described as "hard rock".
15-Nov-2018 370 to 375 24 Cinder nd. Described as "cinder-like".
15-Nov-2018 375 to 379 24 nd nd. Described as "hard rock".

16-Nov-2018 379 to 384 24 nd unweathered, gray to black, massive, very dense, aphanitic basalt. Described as 
"very hard rock"

17-Nov-2018 384 to 385 24 nd nd. Described as "very hard rock"
19-Nov-2018 385 to 387 24 nd nd. Described as "very hard rock"

26-Nov-2018 nd to nd nd nd Total depth measured at 383ft below top of casing. Water level measured at 
75.5 ft below top of casing.

11/27/2018 - 
12/16/2018 nd to nd nd nd No progress to report.

12/17/2018 - 
06/24/2019 nd to nd nd nd No progress to report

29-Sep-2019 390 to 392 13.75 Basalt Light grey - brown, lightly weathered, hard Basalt
30-Sep-2019 392 to 397 13.75 Basalt Dark grey - black, unweathered, medium-soft Basalt. 
1-Oct-2019 397 to 406 13.75 Basalt Dark grey - black, unweathered, medium-hard Basalt. 
2-Oct-2019 406 to 414 13.75 Basalt Dark brown, lightly weathered, medium-hard Basalt. 
3-Oct-2019 nd to nd nd nd No progress to report.
4-Oct-2019 414 to 420 13.75 Basalt Light - dark grey, unweathered, medium-hard Basalt.
5-Oct-2019 420 to 434 13.75 Basalt Light - dark grey, unweathered, hard Basalt.
6-Oct-2019 434 to 435 13.75 Basalt Light - dark grey, unweathered, medium hard Basalt.
7-Oct-2019 435 to 454 13.75 Basalt Dark Brown, slightly weathered, medium-soft Basalt
8-Oct-2019 nd to nd nd nd No progress to report.
9-Oct-2019 454 to 458 13.75 Basalt Dark grey - black, unweathered, medium hard Basalt. 

10-Oct-2019 463 to 473 13.75 Basalt Black with some red Dark brown, lightly weathered, soft Basalt. 
11-Oct-2019 473 to 514 13.75 Basalt Dark black with reddish-brown, weathered, medium-soft Basalt. 
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12-Oct-2019 514 to 523 13.75 Cinder/Basalt Dark black, unweathered, Layer of soft red-cinder from 514-518' bgs, & Hard 
Basalt from 518-523' bgs.

13-Oct-2019 nd to nd nd nd No progress to report.

14-Oct-2019 523 to 536 13.75 Basalt Light grey - dark grey, olivine phenocrysts, weathered, moderately vessicular, 
Hard Basalt

14-Oct-2019 536 to 540 13.75 Basalt Dark brown - black, slight weathering, aphanitic, soft Basalt
15-Oct-2019 540 to 542 13.75 Basalt Light brown - Gray, Plagioclase Feldspars, weathered, massive, soft Basalt 
15-Oct-2019 542 to 555 13.75 Basalt Dark brown - black, slight weathering, aphanitic, soft Basalt
15-Oct-2019 555 to 565 13.75 Basalt Dark Brown, weathered, medium soft Basalt
16-Oct-2019 565 to 578 13.75 Basalt Brown - Black, Olivine, and Plagioclase feldspars, non-weathered, soft Basalt
16-Oct-2019 578 to 583 13.75 Basalt Light brown - grey, light weathering, medium hardness Basalt. 

16-Oct-2019 583 to 591 13.75 Basalt Reddish brown - dark black, Olivine and Biotite Phenocrysts, light weathering, 
soft - med soft  Basalt. 

17-Oct-2019 591 to 594 13.75 Basalt Brown black, light weathering, aphanitic, vessicular, medium to hard Basalt

18-Oct-2019 594 to 611 13.75 Basalt Brown black, medium - adundant weathering, aphanitic, vessicular, soft - 
medium soft Basalt

18-Oct-2019 611 to 614 13.75 Basalt Grey - black, aphanitic, unweathered, massive, hard Basalt
19-Oct-2019 614 to 621 13.75 Basalt Dark brown - black, apahitic, vessicular, medium hard to hard Basalt

19-Oct-2019 621 to 634 13.75 Basalt Light grey - dark grey, olivine phenocrysts, weathered, moderately vessicular, 
soft - medium hard Basalt

20-Oct-2019 nd to nd nd nd No progress to report.
21-Oct-2019 634 to 673 13.75 Basalt Brown-Dark Brown, moderately weathered Basalt.
22-Oct-2019 673 to 726 13.75 Basalt Dark brown - dark grey, moderately weathered, Basalt.

23-Oct-2019 726 to 733 13.75 Basalt Brown - light gray moderately weathered, vessicular, scarce olivine phenocrysts, 
medium soft Basalt.

24-Oct-2019 733 to 764 13.75 Basalt Light brown - dark gray, weathered, massive, soft (738-764' bgs) and hard (764-
794' bgs) basalt. 

25-Oct-2019 nd to nd nd nd No progress to report.
26-Oct-2019 764 to 800 13.75 Basalt Brown - black, weathered, soft Basalt. Pilot hole complete UIC#1. 
27-Oct-2019 nd to nd nd nd nd. Pilot hole complete UIC#1. 
28-Oct-2019 nd to nd nd nd nd
29-Oct-2019 nd to nd nd nd nd
30-Oct-2019 390 to 438 24 nd nd
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31-Oct-2019 438 to 491 24 nd nd
1-Nov-2019 491 to 526 nd nd nd
2-Nov-2019 nd to nd nd nd nd
3-Nov-2019 nd to nd nd nd nd
4-Nov-2019 nd to nd nd nd nd
5-Nov-2019 526 to 579 24 nd nd
6-Nov-2019 579 to 639 24 nd nd
7-Nov-2019 639 to 713 24 nd nd
8-Nov-2019 713 to 750 24 nd nd
9-Nov-2019 750 to 788 24 nd nd

10-Nov-2019 788 to 789 24 nd nd
11/19/2019 - 

2/24/2019 nd to nd nd nd nd

2/25/2020 - 
5/18/2020 nd to nd nd nd Well Construction Complete.
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Date Diameter 
(in.)

Geologic 
Label Sample Description and Remarks

12-Jul-2018 0 to 19 48 Fill Fill material only: large boulders, pipes, conrete slab 
13-Jul-2018 19 to 30 48 Native nd

14-Jul-2018 30 to 49 24 Native light brown course grained gravel with brown clay, some organic matter, poorly 
sorted.

27-Jul-2018 49 to 52 24 Basalt gray, massive, basalt ROCK
23-Nov-2018 52 to 67 48 nd nd. Described as "hard rock".

27-Nov-2018 67 to 70 nd nd 70 ft, 42" diameter conductor pipe grouted in place at approximately 67 ft bgs.

8-Dec-2018 67 to 69 36 Native Alpha drills through native rock. No sample collected. Described as "gravel-like 
material".

11-Dec-2018 69 to 70 36 Basalt 2 samples collected; unweathered, dark black, aphanitic, massive basalt. 

11-Dec-2018 70 to 80 36 Basalt 2 samples collected; slightly weathered-weathered, gray/brown, moderately 
vesicular basalt. 

11-Dec-2018 80 to 86 36 Basalt 2 samples collected; weathered, dark reddish-brown, non-vessicular basalt. 

12-Dec-2018 86 to 101 36 Cinder nd. Encountered cinder layer at 101 ft bgs.
13-Dec-2018 nd to nd 36 Native Approximately 3 feet cave in. 
14-Dec-2018 nd to nd 36 nd Poured 20 cubic yards of concrete. 
17-Dec-2018 65 to 70 36 nd Drilled to 70' through concrete plug, paused drilling to test UIC Well # 1. 
18-Dec-2018 70 to 101 36 nd Drill through concrete plug.

18-Dec-2018 101 to 122 36 Basalt slightly weathered, dark gray, highly vesicular basalt with abundant olivine 
phenocrysts.

19-Dec-2018 nd to nd 36 nd No progress to report, tripped out the bit to prepare for casing. 
26-Dec-2018 nd to nd 36 nd 26 in diameter casing installed with concrete baskets to 102ft bgs. 
27-Dec-2018 nd to nd 36 nd Casing grouted in place.
3-Jan-2019 102 to 122 24 nd Drill through concrete.

3-Jan-2019 122 to 147 24 Basalt 
Sample collected from 137 ft bgs shows moderately weathered, light gray and light 
reddish brown, slightly vesicular, aphanitic basalt with intermittant 6 in to 1 ft 
layers of clay reported by drillers.

4-Jan-2019 147 to 157 24 Basalt Gray with weathered red marbling, moderate amounts of large vesicles, aphanitic, 
possible weathered phenocrysts, basalt. 

Depth Interval (ft. bgs)

UIC-2 Well

UIC-2 Well - Page 1 of 4

Appendix A - Page 8 of 15



4-Jan-2019 157 to 163 24 Basalt Slightly weathered, gray and dark brown, highly vesicular, aphanitic basalt.

4-Jan-2019 163 to 168 24 Basalt Very slightly weathered, dark gray, very slightly vesicular, aphanitic basalt.

4-Jan-2019 168 to 178 24 nd A mixture of intervals 157-163 ft bgs and 163-168 ft bgs.

5-Jan-2019 nd to nd 24 nd Having trouble maintaining hole integrity, frequent cave-ins at bottom of hole. Plan 
to pour concrete to stabilize on Monday 1-7.

17-Jan-2019 178 to 180 24 Basalt Slightly weathered, gray and purplish-brown, highly vesicular, basalt with trace 
plagioclse phenocrysts. Some cave in material present in sample.

17-Jan-2019 180 to 194 24 Basalt Unweathered, blue to black, aphanitic, nonvesicular basalt. Some cave in material 
present in sample.

18-Jan-2019 194 to 197 24 Basalt Slightly weathered, black and red, highly vesicular basalt with trace plagioclase 
phenocrysts.

21-Jan-2019 197 to 202 24 Basalt Unweathered, gray, massive, aphanitic basalt. Some cave in material.

21-Jan-2019 202 to 212 24 Basalt Slightly weathered, gray and purplish brown, massive, aphanitic basalt. Some cave 
in material.

25-Jan-2019 212 to 215 24 Basalt Slightly weathered, gray and purplish brown, massive, aphanitic basalt. Some cave 
in material.

25-Jan-2019 215 to 224 24 Basalt Unweathered, gray, massive, aphanitic, very hard, magnetic basalt.
26-Jan-2019 224 to 227 24 Basalt Unweathered, gray, massive, aphanitic, very hard, magnetic basalt.
31-Jan-2019 227 to 254 24 Basalt nd
1-Feb-2019 254 to 273 24 Basalt nd
2-Feb-2019 273 to 293 24 Basalt nd
4-Feb-2019 293 to 295 24 Basalt Material cave in at 295. 
4-Feb-2019 295 to 300 24 Basalt Unweathered, gray, aphanitic, massive basalt
5-Feb-2019 nd to nd nd nd nd
6-Feb-2019 nd to nd nd nd nd

7-Feb-2019 300 to 315 24 Basalt 
Slightly to very weathered, brownish gray and red, lightly vesicular,basalt with  
some plagioclase phenocrysts.

8-Feb-2019 315 to 326 24 Basalt unweathered, gray to brownish gray, aphanitic, and highly vessicular, massive 
basalt

9-Feb-2019 326 to 354 24 Basalt Brownish-gray, unweatheredm, vessicularm and massive Basalt. 
10-Feb-2019 nd to nd nd nd nd
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11-Feb-2019 nd to nd nd nd nd
12-Feb-2019 nd to nd nd nd nd
13-Feb-2019 nd to nd nd nd nd
14-Feb-2019 nd to nd nd nd nd
15-Feb-2019 354 to 360 24 Basalt Unweathered, gray, massive, aphanitic baslat.

16-Feb-2019 360 to 394 24 Basalt 
Lightly weathered,gray and light brown, aphanitic, with iridescent phenocrysts (at 
385-390), massive Basalt

17-Feb-2019 394 to 405 24 Basalt 
Slightly weathered, gray and brown, massive basalt with abundant olivine and 
plagioclase phenocrysts.  Iridescent phenocrysts with prominent crystal faces 
(betweeen 394-395).

02/18/2020 - 
01/13/2020 nd to nd nd nd No progress to report. 

13-Jan-2020 358 to 378 13.75 Basalt Medium soft - medium, moderately weathered, olivine phenocrysts, Basalt

14-Jan-2020 378 to 392 13.75 Basalt Medium hard, weathered, Basalt
15-Jan-2020 392 to 433 13.75 Basalt Medium hard, weathered, Basalt

16-Jan-2020 433 to 459 13.75 Basalt Moderately vessicular, light grey, medium hard, moderately weathered, Basalt

17-Jan-2020 nd to nd nd nd nd
18-Jan-2020 nd to nd nd nd nd
19-Jan-2020 nd to nd nd nd nd
20-Jan-2020 nd to nd nd nd nd
21-Jan-2020 nd to nd nd nd nd
22-Jan-2020 nd to nd nd nd nd
23-Jan-2020 459 to 501 13.75 Basalt Soft - medium hard Basalt, red cinder layer at 501' bgs. 
24-Jan-2020 501 to 577 13.75 Basalt Soft - Hard, dark grey - dark black, unweathered, fine-grained, Basalt
25-Jan-2020 577 to 581 13.75 Basalt Soft, brown with reddish hues (dry color), weathered Basalt. 
25-Jan-2020 581 to 599 13.75 Basalt Dark grey to black basalt, moderately vessicular, unweathered Basalt. 

26-Jan-2020 599 to 603 13.75 Basalt Soft, brown with reddish hues (dry color), moderately vessicular, weathered Basalt. 

27-Jan-2020 603 to 622 13.75 Basalt Soft - medium hard, light brown - brown (dry color), moderately weathered, 
massive, Basalt. 
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28-Jan-2020 622 to 667 13.75 Basalt Soft - hard, light brown - reddish brown (dry color), fine-grained with Olivine 
phenocrysts , weathered, Basalt. 

29-Jan-2020 667 to 732 13.75 Basalt Medium - hard, dull brown (dry color), moderately weathered, massive, Basalt. A 
layer of soft, porous, red (dry color) cinder at 681' bgs

30-Jan-2020 732 to 778 13.75 Basalt Soft, redish brown (dry color), weathered Basalt (732 - 762' bgs). Medium hard, 
brown, fine grained, moderately weathered, Basalt (762 - 778' bgs)

31-Jan-2020 778 to 800 13.75 Basalt Hard, apahnitic, lightly weathered, brown (dry color), Basalt. Pilot hole complete 
UIC #2.

1-Feb-2020 nd to nd nd nd nd
2-Feb-2020 nd to nd nd nd nd
3-Feb-2020 nd to nd nd nd nd
4-Feb-2020 nd to nd nd nd nd
5-Feb-2020 100 to 461 24 nd nd
6-Feb-2020 461 to 526 24 nd nd
7-Feb-2020 526 to 609 24 nd nd
8-Feb-2020 nd to nd nd nd nd
9-Feb-2020 nd to nd nd nd nd

10-Feb-2020 681 to 705 24 nd nd
11-Feb-2020 nd to nd nd nd nd
12-Feb-2020 705 to 715 24 nd nd
13-Feb-2020 715 to 750 24 nd nd
14-Feb-2020 750 to 761 24 nd nd
15-Feb-2020 761 to 768 24 nd nd
16-Feb-2020 768 to 780 24 nd nd
16-Feb-2020 768 to 780 24 nd nd
17-Feb-2020 780 to 789 24 nd nd
18-Feb-2020 789 to 800 24 nd nd
19-Feb-2020 nd to nd nd nd Well Construction Complete. No progress to report. 
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Date Diameter 
(in.) Geologic Label Sample Description and Remarks

13-Jul-2018 0 to 19 48 Fill Fill material only: large boulders, pipes, conrete slab 
13-Jul-2018 19 to 30 48 Cinder Black/brown clays. Some salts or white ash. Wet.
14-Jul-2018 30 to 40 24 Cinder Light Black/brown, clay and soft cinders. Poorly sorted, angular grains.
3-Aug-2018 40 to 46 36 Cinder Light Black/brown, clay and soft cinders. Poorly sorted, angular grains.
3-Aug-2018 46 to 50 24 Basalt Gray, massive, basalt ROCK

08/03/2018 - 
12/05/2018 nd to nd nd nd No progress to report.

5-Dec-2018 40 to 50 48 nd DeLimas drills through cave in material and concrete.
5-Dec-2018 50 to 66 48 nd nd. Described as "hard rock".

6-Dec-2018 nd to nd nd nd Conductor pipe grouted in place, 42" diameter at approximately 66 ft bgs to 41 
ft bgs, 38" diameter at approximately 41 ft bgs to ground surface.

12/07/2018 - 
04/29/2019 nd to nd nd nd No progress to report.

30-Apr-2019 50 to 55 16.75 Basalt Gray, massive, basalt Rock

1-May-2019 55 to 75 16.75 Basalt Encountered soft rock at 71' bgs; otherwise slightly weathered, dark brown, 
moderately vesicular basalt (see sample #3)

2-May-2019 70 to 93 16.75 Basalt Gray to dark gray, unweathered, ,pderate;y vessicular, aphanitic soft to 
medium hard Basalt.  

3-May-2019 93 to 126 16.75 Basalt Black moderately vessicular, unweathered, aphanitic medium-hard basalt.  

4-May-2019 126 to 135 16.75 Basalt nd. No change in rock formation.
5-May-2019 nd to nd nd nd nd
6-May-2019 135 to 135 16.75 Basalt Gray, slightly vessicular, lightly weathered, basalt Rock
7-May-2019 nd to nd nd nd nd
8-May-2019 144 to 177 16.75 Basalt Gray-brown, massive, lightly weathered, basalt Rock 
9-May-2019 nd to nd nd nd nd

10-May-2019 nd to nd nd nd nd
11-May-2019 nd to nd nd nd nd
12-May-2019 nd to nd nd nd nd
13-May-2019 nd to nd nd nd nd
14-May-2019 nd to nd nd nd nd

Depth Interval (ft. bgs)
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15-May-2019 177 to 189 16.75 Native Dark Brown, Silty Clay.  
16-May-2019 189 to 198 16.75 Native Dark Brown, Silty Clay.  
17-May-2019 nd to nd nd nd nd
18-May-2019 198 to 219 16.75 Native Dark Brown, Silty Clay.  
19-May-2019 nd to nd nd nd nd
20-May-2019 221 to 228 16.75 Basalt Sample #28; weathered, lightbrown, massive, very hard basalt

21-May-2019 228 to 236 16.75 Basalt Sample #29; unweathered, gray, massive, medium hardness, magnetic basalt

22-May-2019 236 to 241 16.75 Basalt Sample # 30; unweathered, gray, vesicular, basalt
22-May-2019 241 to 246 16.75 Basalt Sample # 32; gray to black, massive, very hard basalt

23-May-2019 246 to 261 16.75 Basalt Sample # 33; gray to black, very vesicular, basalt, drillers described layer as soft

24-May-2019 261 to 280 16.75 Basalt Sample # 33; gray, very vesicular, basalt, drillers described layer as soft
25-May-2019 280 to 294 16.75 Basalt Sample # 37; gray, massive, very hard, magnetic, basalt
26-May-2019 294 to 306 16.75 Basalt Sample # 38; gray, massive, very hard, magnetic, basalt
27-May-2019 nd to nd nd Basalt nd
28-May-2019 nd to nd nd Basalt nd
29-May-2019 nd to nd nd Basalt nd

30-May-2019 306 to 317 16.75 Basalt Sample #41; slightly weathered, dark brown, aphanitic basalt with abundant 
small vesicles

30-May-2019 317 to 326 16.75 Basalt Sample #42; slightly weathered, moderatly vesicular, brown-black basalt

31-May-2019 326 to 351 16.75 Basalt Sample # 43; very slightly weathered, gray-black, aphanitic, medium hard 
basalt, with some vesicles of various sizes

1-Jun-2019 351 to 375 16.75 Basalt Sample # 43; very slightly weathered, gray-black, aphanitic, medium hard 
basalt, with some vesicles of various sizes

2-Jun-2019 nd to nd nd nd nd
3-Jun-2019 nd to nd nd nd nd
4-Jun-2019 375 to 383 16.75 Basalt Sample #44: grey-black, unweathered, aphanitic, massive basalt

5-Jun-2019 383 to 391 16.75 Basalt Sample #46: slightly weathered, brown and gray, aphanitic basalt with some 
vesicles of various sizes.

5-Jun-2019 391 to 406 16.75 Basalt Sample #47: unweathered, gray, aphanitic basalt, with some small vesicles. 
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6-Jun-2019 nd to nd nd nd nd
7-Jun-2019 50 to 77 26 Basalt nd
8-Jun-2019 77 to 102 26 Basalt nd
9-Jun-2019 nd to nd nd nd nd

10-Jun-2019 102 to 127 24 Basalt nd. At 127' drillers tripped out of the hole with the 26" bit and started at 127' 
bgs with the 24" bit. 

10-Jun-2019 127 to 134 24 Basalt nd
11-Jun-2019 134 to 172 24 Basalt nd
12-Jun-2019 172 to 202 24 Basalt nd
13-Jun-2019 202 to 219 24 Basalt nd
14-Jun-2019 219 to 230 24 Basalt nd
15-Jun-2019 nd to nd nd nd nd
16-Jun-2019 nd to nd nd nd nd
17-Jun-2019 nd to nd nd nd nd
17-Jun-2019 230 to 277 24 Basalt nd
18-Jun-2019 277 to 297 24 Basalt nd
19-Jun-2019 297 to 299 24 Basalt nd
20-Jun-2019 299 to 232 24 Basalt nd
21-Jun-2019 232 to 272 24 Basalt nd
6/22/2019 - 

3/2020 nd to nd nd nd No progress to report.

1-Apr-2020 404 to 499 14.75 Basalt/Cinder Dark black - blueish black medium-hard Basalt, with layers of cinder. 
2-Apr-2020 499 to 564 14.75 Basalt/Cinder Dark black - blueish black hard Basalt, with layers of soft cinder. 
3-Apr-2020 564 to 574 14.75 Basalt/Cinder Dark black - blueish black shard Basalt, with layers of soft cinder. 
5-Apr-2020 574 to 661 14.75 Basalt/Cinder Soft cinder and basalt. 
6-Apr-2020 661 to 714 14.75 Basalt/Cinder Medium soft Basalt and some layers of cinder. 
7-Apr-2020 714 to 770 14.75 Basalt/Cinder Dark black - blueish black hard Basalt, and soft cinder. 
8-Apr-2020 770 to 800 14.75 Basalt/Cinder Hard Basalt and soft cinder layers. Pilot hole complete UIC#3.

04/08/2020 - 
04/12/2020 nd to nd nd nd No progress to report 

13-Apr-2020 400 to 461 19 Basalt nd
14-Apr-2020 461 to 581 19 Basalt nd

UIC-3 Well

UIC-3 Well - Page 3 of 4
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15-Apr-2020 581 to 724 19    Basalt nd
17-Apr-2020 791 to 800 19 Basalt Basalt 
18-Apr-2020 413 to 438 24 Basalt Basalt 
19-Apr-2020 438 to 499 24 Basalt Basalt 
18-Apr-2020 413 to 438 24 Basalt Basalt. Progress for this date reported late. 
19-Apr-2020 438 to 499 24 Basalt Basalt. Progress for this date reported late.  
20-Apr-2020 499 to 576 24 Basalt Basalt 
21-Apr-2020 576 to 683 24 Basalt Basalt 
22-Apr-2020 683 to 761 24 Basalt Basalt 
23-Apr-2020 761 to 801 24 Basalt Basalt
27-Apr-2020 nd to nd nd nd No progress to report 
28-Apr-2020 141 to 155 26 Basalt Basalt
29-Apr-2020 155 to 183 26 Basalt Basalt 
30-Apr-2020 nd to nd nd nd No progress to report 
1-May-2020 nd to nd nd nd No progress to report 
2-May-2020 nd to nd nd nd No progress to report 
3-May-2020 nd to nd nd nd No progress to report 
4-May-2020 nd to nd nd nd No progress to report 
5-May-2020 nd to nd nd nd No progress to report 
6-May-2020 nd to nd nd nd No progress to report 
7-May-2020 nd to nd nd nd No progress to report 
8-May-2020 nd to nd nd nd No progress to report 
9-May-2020 183 to 361 26 Basalt Basalt

10-May-2020 361 to 541 26 Basalt Basalt 
11-May-2020 541 to 714 26 Basalt Basalt
12-May-2020 714 to 801 26 Basalt Basalt

nd nd to nd nd nd Well Construction Complete

UIC-3 Well

UIC-3 Well - Page 4 of 4
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Overview of the Testing Procedure

Testing was conducted over the 96-hour period from 10:00AM on December 14th to 10:00AM on 
December 18, 2020.  The sources of supply for the disposal testing were two (2) of the plant’s four (4)
supply wells run concurrently.  These are identified as State Nos. 5005-003 and 5005-009 and named 
CW-1 and CW-4, respectively.  CW-1 is 380 feet deep and draws brackish water from the basal lens.  
During the test, it delivered water of 0.80 parts per thousand (PPT) salinity and 68°F temperature. CW-4
is 1300 feet deep and draws saline water from 1000- to 1300-foot below ground depth.  During the test, it 
produced water of 34.2 PPT salinity (versus 34.8 PPT for the ocean offshore) and 61°F temperature.
Water from the supply wells was delivered directly to the disposal wells.  It did not pass through the power 
plant. As such, the combined flow to the disposal wells had a salinity of 19.3 PPT, chlorides of about 
10,700 MG/L, and a temperature of about 65.5°F. The sequence of discharge into the disposal wells over 
the 96-hour test was as follows:

10:00 on December 14 to 10:00 on December 15: All Water into UIC-3 (24 Hours)
10:00 on December 15 to 10:00 on December 16: All water into UIC-2 (24 Hours)
10:00 on December 16 to 10:00 on December 17: Portion of the water into UIC-1, 
balance into UIC-2 (24 Hours)
10:00 on December 17 to 18:00 on December 17: Split Flow into UIC-1 and UIC-2 (8 Hours)
18:00 on December 17 to 02:00 on December 18: Split Flow into UIC-1 and UIC-3 (8 Hours)
02:00 on December 18 to 10:00 on December 18: Split Flow into UIC-2 and UIC-3 (8 Hours)

It should be noted that both the CW-4 and UIC-3 wells have additional sounding tubes to measure 
changes in water level and salinity in the overlying basal lens due to operation of HHB’s supply and disposal 
wells.  For both wells, these additional monitor tubes are in the annular space between the drilled borehole 
and the installed casing.  They both penetrate a little over 200 feet into the basal lens and are of sufficient 
diameter (1-1/4 inch) to allow salinity profiles with a CT2X CTD to be made.  Figure 3 in the report illustrates 
this monitor tube in the cross section of the UIC-3 well.

Performance of the UIC-3 Disposal Well

The performance of the UIC-3 disposal well is illustrated on Figure B-1.  Over the last 16 hours of its
initial 24-hour injection period, the disposal rate averaged 9780 GPM and the build-up was an average of 
24.1 feet.  During the last 16 hours of the 96-hour test, the disposal rate into UIC-3 averaged 4640 GPM and 
the average build-up was about 12.4 feet.

Including a result of a 1-hour preliminary test on December 11, 2020, Figure B-2 shows a curve fitted
to the performance points in comparison to the maximum available gravity head of 75 feet.  Extrapolating the 
performance curve suggests a capacity substantially greater than 15,000 GPM.  However, velocities and 
friction losses in the delivery pipes and in the 14-inch drop pipe suggest a limitation on the order of 15,000 
GPM.

One other aspect of the well’s performance is notable.  Build-up and recovery were virtually 
instantaneous, meaning that essentially all of the build-up was due to turbulence in and in the near vicinity of 
the well and not in the volcanic formation itself.  In a later section of this Appendix, the modest build-up in the 
formation is quantified.

Figure B-3 presents the recorded water level in the overlying basal lens as measured in the annular 
space of the UIC-3 well.  The vibration is obvious during disposal.  There also appeared to be a small (0.2-
foot) drawdown at the start of disposal on December 14 and also a similar-sized recovery on December 18, 
both an unexpected response to disposal into the saline water at depth. A small build-up rather than 
drawdown would have been a more expectable result.
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Performance of the UIC-2 Disposal Well

The performance of the UIC-2 disposal well is illustrated on Figure B-4. Build-up during its 24-hour 
disposal at an average of 9240 GPM leveled off at 64.2 feet.  For another 24 hours at 4970 GPM, build-up
was at 32.7 feet.  Finally, in the last eight (8) hours at 4480 GPM, the build-up was 31.1 feet.  These 
performance points and a curve fitted to them are presented on Figure B-5. The nearly linear fitted curve
suggests its maximum capacity may be on the order of 10,000 GPM.  As with UIC-3 well, build-up and 
recovery were essentially instantaneous, confirming that virtually all of the build-up was due to turbulence 
rather than in the formation itself.

Performance of the UIC-1 Disposal Well

Disposal into UIC-1 disposal well was for the 40 consecutive hour period from 10:00AM on 
December 16 to 02:00AM on December 18 (Figure B-6).  The well was not able to take the combined flow of 
the two (2) supply wells, so a portion of this flow was directed into UIC-2 well for the first 32 hours and then 
into UIC-3 well for the last eight (8) hours.  Its two distinct performance points were a build-up of 69 feet at 
4975 GPM and 60 feet at 4470 GPM.  The linear fit to these points is plotted on Figures B-7.  It appears to 
indicate a maximum capacity of a little more than 5000 GPM.

Build-Up at Depth in the Formation During Disposal into the Saltwater Zone

On December 21, step tests in the CW-4 and then CW-1 Supply wells were performed to complete 
the testing required by the State Commission on Water Resource Management for these two (2) wells.
During these tests, all disposal was into the UIC-2 well (Figure B-8) and build-ups in the UIC-1 and UIC-3
wells were also recorded (Figures B-9 and B-10, respectively).  The UIC-1 well is 67 feet from UIC-2 well.  Its 
largest formation build-up was 1.2 feet during a disposal rate of 5100 GPM into UIC-2.  The UIC-3 well is 
also 67 feet from UIC-2.  Its largest build-up was 1.6 feet during a disposal rate of 5100 GPM into UIC-2.  
Compared to the total build-ups, the responses in the formation at distances of 67 feet from UIC-2 well were 
actually quite small, meaning concurrent use of the disposal wells will not have a substantial interference 
effect on each other.

Measurements in Hu Honua Bioenergy’s Two Mauka Wells During the 96-Hour Test

Hu Honua Bioenergy’s (HHB) two (2) mauka wells draw from the basal lens to provide fresh 
groundwater for industrial purposes at the power plant.  The Mauka 1 well, also identified as State No. 5005-
001, is the furthest inland.  It was completed to a depth of 29 feet below sea level, draws water from the 
basal lens, and is about 2800 feet away from the disposal wells and about 3100 feet away from the CW-4
and CW-1 supply wells (their locations are shown on Figure 1 in the report).  Its recorded water level is 
shown on Figure B-11.  No impact is discernable on its recorded water level during the 96-hour test.

The Mauka 2 well, also identified as State No. 5005-007, is closer to the disposal and supply wells at 
distances of 1800 and 2000 feet, respectively.  It was completed to a depth of 72 feet below sea level and 
also draws fresh water from the basal lens.  Similar to the Mauka 1 well, its recorded water level showed no 
response to operation of the supply and disposal wells during the 96-hour test (Figure B-12).

During the 96-hour test, the Mauka 1 well pump was not operable but samples were collected from 
the closer Mauka 2 well in the morning and in the afternoon and analyzed for specific conductance and 
chlorides by the HHB staff.  Results are listed below:
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Figure B-11
Mauka 1, State No. 5005-001, During the 96-Hour Constant Rate Test from December 14 to 18, 2020
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Figure B-12
Mauka 2, State No. 5005-007, During the 96-Hour Constant Rate Test from December 14 to 18, 2020
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Samples Collected from the Mauka 2 Well and Analyzed by HHB

Sample
Day

Sample
Time

Specific 
Conductance

(μS/cm)
Chlorides

(MG/L)
12/16/2020 Morning 180 140

Afternoon 200 140
12/17/2020 Morning 190 140

Afternoon 200 140
12/18/2020 Morning 180 160

Afternoon 195 140
12/21/2020 Morning 195 160

Afternoon 175 160
Note: Chlorides determined by HACH kit with silver nitrate titrant 

and dropper application.

Response in the Basal Lens at CW-4 Due to Pumping of the CW-1 Well

The CW-1 supply well draws basal groundwater from depths of 40 to 300 feet below sea level.  
During the 96-hour test, a logger in the annular space of the CW-4 supply well, at a distance of about 150
feet from CW-1, recorded the response in the basal groundwater.  At the shutdown of CW-1, the water in the 
annular space of CW-4 recovered 1.28 feet essentially instantaneously (Figure B-13).  Also, and surprisingly, 
the water in the annular space drew down about 0.05 feet when the CW-4 well was turned off about 10
minutes earlier (Figure B-14).
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Overview of the Testing Procedure

Following completion of the CW-2 supply well, State No. 5005-004, it was tested in compliance 
with requirements of its Well Construction Permit.  This consisted of an initial step-drawdown test and a 
96-hour constant rate test.  During both tests, the CW-2 Well produced water of seawater salinity at a 
temperature of about 60°F.  During these tests, disposal into the three UIC wells was done incrementally.  
Results are described in the sections following.

Disposal into UIC-1

Initially during the step test, all water was directed into the UIC-1 well.  As illustrated in Figure C-
1, the well overflowed at a 4500 GPM disposal rate toward the last part of the second step, requiring the 
excess to be sent to the UIC-2 well.  This result suggests a lesser capacity for UIC-1 than was indicated 
during the testing in December 2020. 

Disposal into UIC-2

For the first two days of the 96-hour constant rate test of CW-2, disposal was exclusively into the 
UIC-2 well.  At a disposal rate on the order of 5000 GPM, build up was to about 40 feet with obvious 
turbulence (Figure C-2).  This rate is clearly less than the disposal well’s maximum capacity.

Disposal into UIC-3

For the last two days of the 96-hour test of the CW-2 supply well, all disposal was into UIC-3.  At 
a disposal rate of a little less than 5000 GPM, build up in the well was less than 10 feet (Figure C-3).  This 
rate is obviously far less than this disposal well’s maximum capacity.

Monitored Impact to the Overlying Basal Lens

The potential impact of pumping saline groundwater at depth from the CW-2 well and its disposal 
into the saline groundwater in the disposal wells on the overlying basal groundwater was monitored at 
four locations:  1) in the annular space of the UIC-3 well; 2) in the annular space of the CW-4 supply well; 
3) at the Mauka-1 well; and 4) at the Mauka-2 well. 

Figure C-4 presents the recorded basal water level in the annular space of the UIC-3 well.  During
disposal into UIC-2, no water level response was recorded.  During disposal into UIC-3, only the vibration 
due to the turbulence of disposal is evident.

The response in the basal lens, as measured in the annular space of the CW-4 well, to pumping 
saline groundwater at depth in the CW-2 well was counter intuitive.  At the start of the 96-hour test, the 
basal groundwater actually increased by about 0.5 feet and at the end of the test, it decreased by a 
similar amount (Figure C-5).

Water levels in the Mauka-1 and Mauka-2 wells during and following the 96-hour test are shown 
on Figures C-6 and C-7.  No response in either well was detected.
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Overview of the Testing Procedure

Based on the availability of three supply wells being operational (CW-1, CW-2, and CW-4) and 
the apparent lesser capacities of UIC-1 and UIC-2 than previously tested in December 2020, a short-term
test was conducted to better define the respective capacities of the three supply wells.  This test was 
conducted on July 7, 2021, and its results are presented herein.

Tested Capacity of UIC-3

Prior testing had indicated that the UIC-3 well could handle all of the flow from the three supply 
well pumps, so it was tested as such at the outset.  At the total output of the three supply wells of 13,500 
GPM, build up to about 46 feet was measured in the UIC-3 well (Figure D-1).  During testing of the other 
two disposal wells, it was necessary to direct the amount in excess of the capacities of the other disposal 
wells to the UIC-3 well.  This allowed build ups at other rates to be documented and the performance 
curve on Figure D-2 to be developed.  With an allowable maximum build up of about 75 feet, UIC-3
clearly has more than sufficient capacity to handle 15,000 GPM.

Tested Capacity of UIC-2

At a disposal rate of 7200 GPM, build up slightly exceeded 75 feet.  At the lesser rate of about 
6650 GPM, build up was about 68 feet (Figure D-3).  Based on these results, setting a maximum safe 
capacity for this well of 7000 GPM is appropriate (Figure D-4). This is less than the apparent capacity 
based on testing in December 2020.

Tested Capacity of UIC-1

At a disposal rate of 4040 GPM, build up initially was to 75 feet (Figure D-5).  At rates higher than 
that, the well overflowed.  Setting this well’s maximum capacity at 4000 GPM is appropriate. This is also
less than the apparent capacity based on testing in December 2020.
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Executive Summary

This letter report summarizes the results of offshore ocean bottom temperature monitoring 
conducted at the Hu Honua Bioenergy facility at Pepeekeo, Hawaii.  The purpose of the 
monitoring is to evaluate the physical properties (primarily temperature) of the benthic marine 
environment offshore of the facility.  The monitoring program is designed to detect changes in 
the temperature of the offshore benthic environment related to future onshore injection of spent 
cooling water in excess of the 1.0°C (1.8oF) temperature allowance from ambient temperature 
under Hawaii Administrative Rules (HAR) 11-54-6(b)(3) for open coastal water. 

In June 2019, 18 temperature logger arrays were deployed in the ocean in Pepeekeo, Hawaii at 
water depths between 25 and 60 feet.  A total of 15 temperature logger arrays were deployed 
from 100 m to 400 m offshore of the Hu Honua Bioenergy facility and 3 arrays were deployed at 
a control site located one kilometer to the south. Each array consisted of a temperature logger 
placed on the ocean floor and another logger suspended one meter above the ocean floor. Data 
obtained from paired logger arrays deployed near the facility is compared with paired logger data 
from the control site to determine if any thermal increases in benthic water temperature is related
to the future injection of spent cooling water associated with operation of the facility.   

During this initial monitoring period from June 2019 to May 2021, no injection of thermal 
cooling water occurred at the Hu Honua facility. Thus, the temperature data collected reflects
natural temperature variations present in the nearshore environment directly offshore of the Hu 
Honua facility.

The collected monitoring data was broken up into two time periods: temperature data collected 
between 6/11/2019 and 6/11/2020 (Period 1) and temperature data collected between 6/12/2020 
and 5/7/2021 (Period 2). Over the course of the roughly two-year monitoring period, the average
temperature differences between the paired thermistors deployed on the ocean bottom and 
suspended one meter above the bottom was very small, typically less than 0.1 degrees 
Centigrade. Ocean water temperatures were generally highest in late September to October and 
lowest from February to early April during both monitoring periods. Seasonal temperature 
variation between summer and winter accounts for > 6.5 °F at the ocean floor. The annual 
Benthic temperature fluctuated from 8.40 to 9.17°F and 6.56 to 7.18°F at the various deployed 
thermistor arrays during Periods 1 and 2, respectively.  The maximum and minimum ocean 
bottom temperatures measured during Periods 1 and 2 were 73.85/83.38 °F and 74.51/81.69 °F, 
respectively.  In addition to seasonal temperature variation, deployed arrays measured relatively
large changes in daily water temperature (4.69°F and 4.34°F during Periods 1 and 2,
respectively). The measured daily changes in ocean bottom temperature were generally greatest 
during the summer and early fall.  Thus, the natural seasonal and daily temperature fluctuations 
to which the coral and near-shore biological communities are exposed offshore the Hu Honua 
facility greatly exceed 1.0°C (~1.8°F), the temperature allowance from ambient temperature
allowed under HAR 11-54-6(b)(3) for open coastal water by the facility’s activities.  
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Introduction

The Hu Honua Bioenergy facility has been constructed to produce renewable energy using 
biomass locally grown along the Hamakua coast on the island of Hawaii. This facility is located 
one mile northeast of the small town of Pepeekeo and eight miles north of the commercial center 
of Hilo.    

The power plant was constructed approximately 500 feet inland of the shoreline at an elevation 
of around 100 feet.  Four cooling water supply wells (CW-1, -2, -3 and -4) will be used to 
provide non-contact cooling water for the boiler unit at the plant.  The deepest cooling water 
supply well (CW-4) encountered groundwater temperatures of 59°F at a depth of 800 feet into 
groundwater.  After cooling the boiler unit at the plant, the spent cooling water will be directed 
into three underground injection control (UIC) wells drilled to 800-foot depth and screened at a 
depth interval of between approximately 436 to 800 feet below ground surface (bgs).    

It is estimated that under normal operating conditions, an average of 15,000 gallons per minute 
(gpm) (21.6 million gallons per day [mgd]) of spent cooling water will be injected into the three
UIC wells.  The spent cooling water being injected will have a temperature of around 76.3°F and
will have a salinity equivalent to 100 percent seawater.  During periods of time when the UIC 
wells are undergoing maintenance and normal operating conditions are maintained at the plant, 
the temperature of the spent cooling water is estimated to be around 81.2°F.   

Simulations were conducted by Integral Consulting using a density-dependent, three-dimensional 
numerical groundwater model to evaluate the thermal effects of future spent cooling water 
discharge into the three onshore UIC wells at the Hu Honua Bioenergy facility (Integral, 2020).
Thermal effects evaluated with the model included potential increases in temperature within the 
freshwater aquifer, and potential temperature effects on bottom ocean water adjacent to and 
offshore of the facility.  These modeling simulations concluded that there would be no discharge 
of groundwater warmer than ambient benthic water in the nearshore environment (in the 0 to 60 
ft ocean water depth range) during future operation of the bioenergy facility.

Project Site Description

The project area is located directly off-shore of the Hu Honua Bioenergy facility in water depths 
between approximately 25 to 60 feet.  The project site is located on the windward side of the 
island of Hawaii which is characterized by rougher ocean waves and generally stronger currents
than present elsewhere around the island. The general characteristics of the benthic environment 
offshore the Bioenergy facility was observed by divers from Element Environmental (E2) during 
the deployment and maintenance of the temperature logger arrays. The benthic surface at the 
northern and southern end of the main study site was dominated by boulder substrate with patchy 
coral cover. In the center of the study area, the benthic surface consisted mainly of basalt sand 
surrounding low hard-bottom benches.  Sediment and terrestrial detritus were not observed in 
this area during installation of the temperature logger array.  The benthic surface of the control 
site was dominated by boulder substrate with patchy coral cover and appeared similar to that of 
the northern and southern regions of the main study site.

AMAP
An Applicable Monitoring and Assessment Plan (AMAP) was submitted to the United States 
Army Corps of Engineers in April 2019 that described the offshore temperature monitoring work
proposed for the Hu Honua Bioenergy facility.  The AMAP was developed in accordance with
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water quality regulations promulgated in HAR Chapter 11-54 and the General Monitoring 
Guideline for Section 401 WQC Projects.  The Corps issued a permit for the project (Army File 
No. POH-2010-0337) on May 10, 2019 under the terms and conditions of Nationwide Permit 
(NWP) #5, (Scientific Measurement Devices) issued on March 19, 2017 (82 FR1860, January 6, 
2017).  The verification of this project under this NWP is valid until March 19, 2022.  

Monitoring Equipment Installation and Download 

The deployed arrays consisted of two Hobo MX TidbiT 400 temperature loggers weighing 
approximately 20 grams each housed in a 1.2 by 1.6 by 0.7-inch epoxy case.  The temperature 
loggers are rated by the manufacturer as having ±0.2oC (±0.36 oF) accuracy.  The temperature 
readings produced by the individual temperature loggers were tested in Honolulu prior to 
deployment in the field.  Individual temperature loggers that yielded similar temperature 
readings in the laboratory were paired for deployment at individual monitoring locations offshore 
of the Hu Honua facility.   

The original temperature logger network was installed by E2 offshore of the Hu Honua facility 
on 6/10/19. A small motor boat and two SCUBA divers were used to deploy these items in the 
ocean. The boat captain maintained the boats position using the motor so no anchor was 
deployed during deployment and subsequent downloading of data from the installed temperature 
logger array.  The bottom temperature logger was anchored to the ocean floor by 25-pound lead 
weights while the one-meter logger was secured to a line with a small float attached to the same
lead weight. The temperature logger arrays were hand-placed in locations where the line was 
clear of coral and other obstructions.  
Temperature, salinity, and depth of 
the water column were recorded with 
a multi-sensor sonde at each site. 
The GPS location was recorded from 
the surface above each sensor array. 

A total of eighteen logger arrays (36 
loggers) were deployed at two study 
areas offshore of the Hu Honua 
Bioenergy facility (15 arrays) and at 
a control site (3 arrays) located 
approximately one kilometer to the 
south (Figure 1).  The fifteen arrays 
installed offshore the Bioenergy
facility were placed 100 to 400 
meters offshore at water depths that 
ranged from 25 to 60-foot depth.  
The three arrays installed at the 
control location were placed 100 m
to 250 m offshore at water depths 
that ranged from 35 to 60-foot depth. 

FIGURE 1:  Location of 18 Offshore Logger Arrays
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E2 personnel subsequently downloaded data from the deployed logger arrays during four 
subsequent visits to the site: 10/18/2019, 11/18/2019, 7/1-7/2/2020, 5/13-5/14/2021.  During the 
first two visits to the site, one diver would take temperature and salinity measurements of the
water column using a YSI sonde. Fouling organisms (predominately oysters and algae) that had 
accumulated since the prior visit were then removed from the array using a scrub brush. When 
complete, the second diver would attach a lift bag to the array to transport it to the surface. Once 
the array arrived at the surface, it was retrieved by the boat crew while the divers ascended to the 
surface. After downloading the data from the loggers, the array was slowly lowered back to the 
benthic surface from the boat and the SCUBA divers returned the logger back to its original
location. The YSI sonde provided high resolution profiles of the water column temperature at 
each site visited which could then be used to verify the accuracy and the temperature differential 
measured by the two loggers in each array visited.

During the dives conducted on 7/1/2020 and 7/2/2020, the original temperature loggers were
replaced with updated temperature loggers that allow for underwater data transfer to an external
data shuttle. This eliminates the need of the divers to bring the arrays to the surface for download 
allowing the temperature arrays to remain undisturbed. In addition, the new loggers were 
equipped with a three-tiered antifouling system designed by Dr. Daniel Amato of E2.  The 
loggers were first painted with a clear antifouling paint before application of an antifouling wax. 
The loggers were then wrapped in a 100% copper mesh skirt for an additional layer of 
antifouling achieved through light abrasion in addition to the natural anti-fouling properties of 
copper metal.  The temperature logging interval was increased from a 15-minute frequency to a 
one-hour monitoring frequency, which will allow these newly deployed loggers to record data 
for 4.9 years (until June 2025) before the device’s memory becomes full.   

ADCP Readings

Nearshore water current direction and velocity profiles were measured by Sea Engineering using 
a pair of Acoustic Doppler Current Profiler (ADCP) devices deployed at a shallow and deep site 
within the study area from 6/21/19 to 10/18/19.  An ADCP is a hydroacoustic current meter that
measures water current velocities over a depth range using the Doppler effect of sound waves 
scattered back from particles within the water column.

The deployed ADCPs generally measured low velocities, under 0.2 m/s, with maximal values 
under 0.5 m/s in the offshore study area.  Current velocity was slightly higher and had a clear
northern direction near the ocean bottom at the deep site compared to the shallow site where no 
clear directional trend in current was measured.  Figure 2 shows the distribution of current 
velocities and current direction measured over the roughly four-month deployment period during 
the summer and early Fall months of 2019.    
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FIGURE 2: Current Direction and Speed Measured Offshore Hu Honua Facility

Temperature Monitoring Results

A main objective of the Hu Honua Offshore Monitoring Project is to measure the temperature 
differential between the surface of the benthic substrate and the water column one meter above in 
ocean waters offshore of the Hu Honua Bioenergy Facility and at a nearby control site. Offshore 
temperature data was collected at 15-minute intervals from June 2019 to June 2020 using the 
original array of thermistors deployed.  In June 2020, the original set of thermistors were 
replaced with improved devices that allowed for remote data transfer, improved antifouling, and 
increased data storage capacity.  These improved thermistors have been collecting benthic 
temperature data at one-hour intervals since June 2020.

A YSI sonde was used to manually measure the temperature in the vicinity of each logger during 
the various visits to the monitoring site when data was retrieved.  Overall, the YSI sonde 
measurements showed very close agreement with the temperature data recorded by the loggers. 
In general, average YSI sonde readings within the bottom meter of the water column were within 
0.2 °F of the logger array measurements and no discernable difference in temperature between 
the logger pairs was measured by the sonde. In addition, the YSI sonde data did not show
significant vertical salinity anomalies, which would have been indicative of submarine 
groundwater discharge (SGD) at the various logger array monitoring sites.

Continuous complete temperature data has been recovered from both the upper and lower 
temperature loggers at the following nine monitoring locations during the first two years of 
monitoring: H-3, H-5, H-6, H-9, H-12, H-13, H-17, H-19, H-20.  The other arrays typically have 
complete temperature records at only one of the two monitoring sites (upper or lower) over this 
two-year period or recorded temperature data at a different sampling frequency (i.e., 30-minute 
time intervals versus one-hour time intervals) and thus were not plotted in the following figures.   

Figure 3 shows the seven-day moving average of temperature measured at the nine monitoring 
locations with complete records over the twenty-three month monitoring period between 6/13/19 
and 5/13/21.  The identical trends of all of the paired temperature logger data shows that there 
are not consistent thermal anomalies within the benthic zone in the offshore areas being 
monitored.  The highest ocean bottom water temperatures were measured during the months of 
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September and October while the lowest ocean bottom temperatures were measured from 
February to early April.  During the first year of monitoring, this seasonal variation in ocean 
bottom temperatures measured in the deployed temperature loggers ranged from 8.40°F to 
9.17°F. During the second eleven months of monitoring, the variation in ocean bottom 
temperatures ranged from 6.56°F to 7.18°F. The minimum and maximum temperatures
measured over this two-year monitoring period were 73.85°F and 83.38°F, respectively.   

The daily fluctuation in ocean bottom temperature was generally greatest during the summer and 
early fall when solar radiation is greatest. The maximum daily variation in ocean bottom 
temperature measured during the first and second year of monitoring as 4.69°F and 4.34°F,
respectively. Figure 4 shows the temperature variation measured in the temperature logger array 
over a two-day period in September 2019.     

Figure 5 shows the median daily temperature variation measured between the upper (one-meter
from the bottom) temperature logger and the lower temperature logger at the nine monitoring 
locations with complete records over the twenty-three month monitoring period between 6/13/19 
and 5/13/21.  The original thermistors were replaced with a new set of wireless thermistors on 
7/1-7/2/2020, which is around day 400 on this graph.  The temperature difference measured
between the upper and lower temperature logger was generally positive (i.e., warmer) and 
typically less than 0.2°F, which is within the reported accuracy (±0.36oF) of the temperature 
loggers (Figure 5).  Figures 6 to 10 show the median and average daily temperatures measured
between the upper and lower temperature logger at the individual monitoring sites.    

The comparatively large differences in median daily temperature measured between the upper 
and lower temperature logger at the monitoring arrays installed at H-5 (orange line) and H-6 
(blue line) are believed to be caused by “noise” in the instrumentation rather than actual 
temperature differences of this magnitude at the monitoring sites.  Evidence for this conclusion is
that the comparatively large temperature differences measured at H5 during the first year of 
monitoring disappeared once the temperature logger was replaced with a new logger on 7/1-
7/2/2020 (see Figure 6). In addition, the relatively large median daily temperature differences 
were only observed at H6 after the original temperature logger was replaced with an updated 
temperature logger (see Figure 7). The most consistent temperature difference measured 
between the upper and lower temperature loggers over the two-year monitoring period was 
observed at H20, with an average daily median temperature difference of 0.11oF.  The other sites 
typically had measured median temperature differences of less than 0.05°F.    

The baseline (pre-onshore injection) temperature measurements made at the paired temperature 
loggers over the past twenty-three months suggest that there is no detectable thermal signature of 
groundwater discharge at the ocean bottom in the vicinity of the Hu Honua bioenergy facility.  
This is despite the relatively large temperature difference between the measured ocean bottom 
temperatures (74-83oF) and the cooler groundwater temperatures (63-65oF measured in the 
onshore injection wells and 59oF in the deeper water supply wells) that discharge into the ocean
through the benthic environment.  This finding does not preclude groundwater discharge but 
suggests that the process of ocean water mixing (by currents, waves and other processes)
obscures any temperature and salinity evidence of groundwater discharge at our study sites. 

It is currently planned to continue offshore temperature monitoring for a period of at least two 
years after startup of onshore injection of spent cooling water in conjunction with operation of 
the plant.  
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Hu Honua Offshore Temperature Data

FIGURE 3: Seven-Day Moving Average Temperature Measured in All Continuous 
Records from Paired Temperature Loggers Installed Offshore Hu Honua Bioenergy 

Facility

FIGURE 4: Short-Term (2 days) Temperature Fluctuations in the Benthic Environment
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FIGURE 5:  Median Daily Temperature Differences Measured Between Upper and Lower 
Temperature Loggers Since 6/13/2019

FIGURE 6: Average and Median Daily Temperature Differences Measured at H3 and H5
(X-Axis is Days Since 6/13/2019)
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FIGURE 7: Average and Median Daily Temperature Differences Measured at H6 and H9 
(X-Axis is Days Since 6/13/2019)

FIGURE 8: Average and Median Daily Temperature Differences Measured at H12 and 
H13 (X-Axis is Days Since 6/13/2019)
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FIGURE 9: Average and Median Daily Temperature Differences Measured at H17 and 
H19 (X-Axis is Days Since 6/13/2019)

 

FIGURE 10: Average and Median Daily Temperature Differences Measured at H20
(X-Axis is Days Since 6/13/2019)
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I. INTRODUCTION 

The Hu Honua Bioenergy (HHB) facility, which is located at the former Hawaii Island 
Power Companies (HCPC) sugarcane mill site in Pepeekeo on Hawaii Island, will 
feature a non-contact boiler cooling system. Four onsite saline wells, identified as 
State Nos. 5005-003, -004, -005, and -009, will continuously provide approximately 
15,000 gallons per minute (GPM) of saline groundwater.  In the non-contact cooling 
process, the cooling water will be delivered to three onsite injection wells for 
disposal by gravity into the saline aquifer. 

Ground elevation at the three injection wells is 85 feet (ft) above sea level.  All three 
wells are 800 ft deep and configured to dispose of the cooling water between 435- 
and 800-ft depths, equivalent to between 350 and 715 ft below sea level.  At these 
depths, the receiving groundwater is of seawater salinity. Testing of the disposal 
wells (completed in December 2020) demonstrated sufficient capacity for the 
15,000 GPM disposal requirement. 

The marine communities offshore of the HHB facility include stony corals and extend 
from near the shoreline out to a water depth of approximately 30 ft. A survey 
designed to qualitatively and quantitatively characterize these coral communities 
was conducted in February of 2021 by Dr. Steven Dollar and Andrea Millan. The 
data generated by this study provides a basis for determining if operation of the Hu 
Honua Bioenergy Facility could negatively affect the offshore coral community.  

III. METHODS 
As the major objective of the survey was to evaluate the potential effects of 
groundwater discharge, survey methods were aimed at evaluating coral 
community structure at the deepest locations on the reef fronting the HHB Facility. 
Three transect survey locations were chosen fronting the HHB facility: one off the 
center of the embayment (T1); one off the south end (T2); and one off the north end 
(T3) (Figure 1). Surveys were conducted by divers dropping to the bottom at the 
offshore origins of the transects at water depths of approximately 60 ft and 
swimming shoreward until living corals were encountered. At the locations on the 
south (T-2) and north (T-3) transects, coral communities were documented using 
orthomosaic photographic techniques. Five orthomosaic survey sites were 
established: three on T2 (T2-1, T2-2, and T2-3); and two on T3 (T3-1 and T3-2) (Figure 
1). Coral communities along T-1 were sparse and were therefore documented with 
traditional photography. 
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The orthomosaic method involves marking the corners of 5 m x 5 m representative 
areas of the reef surface with metal pipes 30 cm in length. Each of the pipes is 
marked at 10 cm intervals with colored tape to provide scale to orthomosaic 
images. Using mirrorless digital cameras fitted with 24-mm lenses in underwater 
housings, each 25 m2 of survey area was photographed by a diver swimming in a 
“lawn-mower” pattern of overlapping parallel lines. At each orthomosaic survey site 
between 250 and 300 digital photographs were collected. 

Following fieldwork, photographs were initially processed using Adobe Bridge and 
Adobe Photoshop software. Agisoft Metashape software was then used to produce 
seamless high-resolution orthomosaic scaled images of each survey area. The 
orthomosaics were color-corrected and adjusted in Photoshop. All orthomosaics 
constructed from the February 2021 survey are included in Appendix A. 

Following processing of photographs and construction of the orthomosaics, point 
count analysis was conducted. A custom MatLab program developed for large 
images (20 megabytes to 300 megabytes) was used to grid 100 points on each 
orthomosaic image. The surface type underlying each point was identified to the 
most specific level possible then categorized into the broader classifications of living 
coral species, other invertebrates, algae, and non-living substrate types. Data from 
MatLab was exported to Microsoft Excel where the resulting data set provides 
percent cover of all surface types.  

To evaluate the size class distribution of coral colonies in each orthomosaic, every 
coral was identified to the species level when possible and assigned an 
identification number. A public domain Java image processing program was used 
to determine the longest diameter of each coral. The longest diameter was then 
used to bin each coral colony into one of the following size classes (in centimeters): 
0–10, >10–20, >20–40, >40–80, >80–160.  

IIII. RESULTS 
III.1 Overview of Coral Communities 

Reconnaissance swims along the three transects revealed that the physical and 
biotic structure of the area fronting the HHB facility differs significantly according to 
location. Transect 1, which bisected the center of the embayment directly offshore 
of the facility, consisted of a sand bottom at a depth of 60 ft. The uniform sand plain 
continued toward shore to a depth of approximately 40 ft where it merged with a 
rock scarp approximately 2 ft in height (Figures 2 and 3). Continuing shoreward from 
the scarp, bottom composition consisted of a bed of sandy mud. At a depth of 
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approximately 25 ft the sand bottom was replaced with a cover of large basalt 
boulders (Figure 4). These boulders were covered with a film of algal turf with little 
settlement of corals or other macrobiota. The exception was several large boulders 
approximately 6 ft in height, the tops and upper sides of which were colonized with 
a variety of corals (Figure 5). The boulder field continued shoreward to the limits of 
diver accessibility.  

Bottom composition on Transects 2 and 3 differed substantially from Transect 1. On 
Transect 2 at a depth of 60 ft, bottom composition consisted of sand that extended 
to a depth of approximately 35 ft. At this depth there was an abrupt transition from 
sand bottom to an eroded basalt ledge (Figure 6). Moving shoreward the ledge 
graded to a basalt platform covered with boulders. The tops of the boulders were 
colonized by a variety of corals growing directly on the basalt surfaces (Figure 7). At 
a water depth of approximately 20 ft, an uplifted basalt platform rose 
approximately 6 ft above the boulder bottom (Figure 8). Coral cover on the uplifted 
platform was considerably higher than on the boulders (Figure 9). The boulder field 
continued shoreward to the limit of diver accessibility. With proximity to shore, 
density of coral colonies decreased, with the boulders nearest the shore containing 
the lowest coral cover.  

The benthic habitat on Transect 3 was similar to Transect 2 with the exception that 
the basalt ledge at the juncture of the sand plain was not present. Rather, boulders 
extended from the shoreline to a water depth of approximately 25 ft, where they 
terminated at the edge of the sand plain. The dominant coral species throughout 
the survey area were Porites lobata and Pocillopora meandrina (Figure 9). Porites 
lobata occurred in a variety of growth forms ranging from flat encrustations to 
dome-shaped massive colonies. Pocillopora meandrina occurred as hemisperical 
colonies composed of sturdy branches. All of these growth forms are capable of 
withstanding elevated levels of wave energy without breakage. 

 It is important to note that coral growth was restricted to the tops and upper sides 
of the boulders. Virtually no corals were observed on the lower parts of the boulders 
or the spaces between them.  

Crustose coralline algae was the only other biotic component of boulder cover. 
Macroalgae was virtually absent from the area; sponges were rare. Similarly, motile 
benthic invertebrates (sea urchins, sea cucumbers) were rarely observed. A single 
Acanthaster plancii (crown-of-thorns sea star) was observed along Transect 2. The 
paucity of unattached invertebrates is likely a result of the consistent wave energy 
impacting the area.  
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IIII.2 Quantitative Assessment of Coral Communities 

Table 1 shows results of point count analysis of the five orthomosaic images on 
Transects 2 and 3. Results indicate that for the entire survey area, the highest bottom 
cover consisted of basalt rock, with an average of 62%. Of the other non-living 
bottom types, dead coral accounted for 4.4%, while coral rubble and sand 
comprised a total of 2%.  

The average coral across all five orthomosaics was 22.6%, with a range of 12% (T2-3) 
to 38% (T2-2). Four species of hard corals and one soft coral (Sarcothelia 
edmondsoni) were encountered in point count analysis. Porites lobata accounted 
for an average of 15.4% of bottom cover and 44% of coral cover. The next most 
abundant coral was Pocillopora meandrina, which accounted for 4.6% of bottom 
cover and 20% of coral cover. The remaining two species of hard coral, Montipora 
capitata and Porites compressa, accounted for 2.4% of bottom cover and 10% of 
coral cover.  

Table 2 shows number of corals of each species in each size class that were visible in 
orthomosaic images. In total, 3,633 coral colonies were counted. The number of 
corals in each size class diminished with increasing size classes. The greatest number 
of corals (45%) were in the smallest size class (<10 cm), while only three corals were 
in the largest size class (>80 cm). As with the point counts, the most abundant 
species was Porites lobata, with a total of 2,522 colonies (69% of all corals). 

IV. DISCUSSION 

The results of the present survey indicate that the coral communities off the east 
Hawaii coastline are substantially different from that off West Hawaii. The west 
Hawaii reefs are built on flat solid platforms that slope sharply from the shoreline and 
display a distinct gradient in species composition (Dollar 1982, Dollar and Tribble 
1993). Along the east Hawaii coastline, particularly in the Hamakua region where 
the HHB facility is located, bottom composition is markedly different. This area is 
characterized by a nearshore zone of basaltic boulders and flat raised basaltic 
features, with no nearshore reef platform. In addition, the west coast of Hawaii is 
largely sheltered from long-period swells resulting in a relatively low wave-energy 
environment that is suitable for corals to grow without sustaining breakage. The east 
coast is directly exposed to such wave energy, which results in conditions which limit 
coral species to those that can successfully withstand the physical forces produced 
by intense wave action.  
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As a result of the environmental factors of bottom topography and wave exposure, 
the coral communities off Pepeekeo are dominated by a small set of corals 
(primarily Porites lobata and Pocillopora meandrina) that grow primarily on the tops 
of the basalt boulders and flat elevated features. Coral growth does not occur on 
the lower sides of the boulders or on the seafloor. There is not active reef-building 
accretion occurring; all corals are growing on basalt substratum. 

These factors can be put into context in terms of potential for impacts related to the 
Hu Honua Bioenergy operations. First, all coral communities were in water no deeper 
than approximately 30 ft. If groundwater discharge associated with the facility is 
deeper than this depth range, it will not occur in the area where corals occur. As 
the entire area is subjected to vigorous mixing from tides and waves, groundwater 
will be mixed to background levels in the water column before reaching the depth 
range where corals occur.  

With respect to coral community structure, as described above, corals are located 
predominantly on the tops of boulders, and not on the lower sides or the ocean 
floor between the boulders. The highest percentage of coral cover identified in the 
present study was on a raised basalt platform on Transect 2. The increased elevation 
above the seafloor likely has effect on coral abundance owing to reduced sand 
scour. As such, most of the coral is located at least several feet off the bottom 
where groundwater would discharge. As described above, should there be any 
groundwater discharge in the coral-rich nearshore zone it would likely dilute with 
ocean water to background conditions before reaching the surface level of the 
boulders and the top of the raised basaltic platform.  

In summary, surveys of the marine ecosystem in waters offshore of the Hu Honua 
Bioenergy Facility reveal a community of corals growing on the upper surfaces of 
basalt boulders in water depths of 30 ft or less. The water depth where these 
communities occur, as well as elevation off the seafloor, preclude effects from 
discharge of groundwater from the HHB facility. 
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FIGURE 1. Locations of transects (yellow lines) and orthomosaics (green squares) for 
assessment of coral community structure off the Hu Honua Bioenergy facility.  

 
Table 1. Results of point count analysis of orthomosaics off the Hu Honua Bioenergy 
facility. See Figure 1 for location of orthomosaics. 

 

T2-1 T2-2 T2-3 T3-1 T3-2
Montipora capitata 1                2                1                2                5                2.2             
Pocillopora meandrina 4                8                4                3                4                4.6             
Porites compressa -                 -                 -                 1                -                 0.2             
Porites lobata 13              28              7                13              16              15.4           
Sarcothelia edmondsoni -                 -                 -                 1                -                 0.2             

TOTAL CORAL 18             38             12             20             25             22.6          
Crustose Coralline Algae 13              15              -                 4                13              9.0             
Basalt Rock 54              39              88              74              55              62.0           
Dead Coral 5                8                -                 2                7                4.4             
Coral Rubble 2                -                 -                 -                 -                 0.4             
Sand 8                -                 -                 -                 -                 1.6             

TOTAL NON-CORAL 82             62             88             80             75             77.4          

ORTHOMOSAIC SITECORAL SPECIES/SUBSTRATE AVERAGE
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TABLE 2. Coral size class abundance as measured by the longest diameter of each colony occurring 
in orthomosaic images off Hu Honua Bioenergy facility. See Figure 1 for locations of orthomosaic sites. 
 

 

T2-1 T2-2 T2-3 T3-1 T3-2
0-10 -              1             1             -              -              2                 

>10-20 -              2             -              2             1             5                 
Species Total -             3             1             2             1             7                

Leptoseris incrustans >20-40 -              -              -              1             -              1                 
Species Total -             -             -             1             -             1                

0-10 35           14           11           28           35           123             
>10-20 22           8             5             24           27           86               
>20-40 6             5             4             20           15           50               
>40-80 -              -              2             5             2             9                 

Species Total 63           27           22           77           79           268            
0-10 -              3             -              -              -              3                 

>10-20 -              -              -              3             -              3                 
>20-40 -              2             -              -              -              2                 
>40-80 -              -              -              1             -              1                 

Species Total -             5             -             4             -             9                
0-10 -              -              -              1             2             3                 

>10-20 -              1             -              1             5             7                 
>20-40 3             4             1             4             4             16               
>40-80 -              -              -              -              2             2                 

Species Total 3             5             1             6             13           28              
0-10 4             7             2             22           12           47               

>10-20 1             -              -              12           6             19               
Species Total 5             7             2             34           18           66              

Pavona varians 0-10 1             -              -              -              -              1                 
Species Total 1             -             -             -             -             1                 

0-10 95           54           48           82           18           297             
>10-20 77           62           17           43           27           226             
>20-40 59           60           16           12           33           180             

Species Total 231         176         81           137         78           703            
0-10 7             -              -              5             -              12               

>10-20 1             -              -              2             1             4                 
>20-40 -              -              -              3             -              3                 

Species Total 8             -             -             10           1             19              
0-10 -              1             1             -              -              2                 

>10-20 1             1             1             -              -              3                 
>20-40 1             1             -              -              -              2                 
>40-80 -              -              1             1             -              2                 

Species Total 2             3             3             1             -             9                
0-10 282         293         136         210         217         1,138          

>10-20 212         217         83           169         152         833             
>20-40 98           120         40           93           105         456             
>40-80 2             38           13           23           16           92               

 >80-160 -              1             1             1             -              3                 
Species Total 594         669         273         496         490         2,522         

Site Total 907         895         383         768         680         3,633         
0-10 424         373         199         348         284         1,628          

>10-20 314         291         106         256         219         1,186          
>20-40 167         192         61           133         157         710             
>40-80 2             38           16           30           20           106             

 >80-160 -              1             1             1             -              3                 
TOTAL 907         895         383         768         680         3,633         

ALL CORALS

SIZE CLASS   
(cm)

ORTHOMOSAIC SITE
 SIZE TOTAL 

Leptastrea bewickensis

Pocillopora meandrina

Porites compressa

Porites evermanni

Porites lobata

CORAL SPECIES

Montipora capitata

Montipora flabellata

Montipora patula

Palythoa tuberculosa
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FIGURE 2. Junction of sand and rock scarp at a depth of approximately 45 ft on Transect 1. 
 

 
FIGURE 3. Junction of sand and rock scarp at a depth of approximately 45 ft on Transect 1. 
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FIGURE 4. Large boulders along Transect 1 at a depth of approximately 20 ft. Surfaces are 
colonized with turf algae and occasional corals.  
 

 
FIGURE 5. Boulder along Transect 1 at a depth of approximately 25 ft. Upper surface of 
boulder is colonized with sparse corals. 
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FIGURE 6. Eroded basalt ledge adjacent to sand bottom along Transect 2. 

 

 
FIGURE 7. Boulders along Transect 2 colonized by a variety of corals. Water depth is 
approximately 25 ft. 
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FIGURE 8. Edge of uplifted basalt platform along Transect 2. Water depth is 
approximately 15 ft on the top of the platform. 

 

 
FIGURE 9. High coral cover on the top of the uplifted platform. Dominant corals are 
Pocillopora meandrina and Porites lobata. Water depth is approximately 15 ft. 
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FIGURE 10. Boulders along Transect 3 colonized by a variety of corals. Water depth is 
approximately 20 ft. 
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T2-1

A 1 | A P P E N D I XHU HONUA BIOENERGY FACILITY
ASSESSMENT OF CORAL COMMUNITY STRUCTURE – MAY 2021
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T2-2

A  | A P P E N D I XHU HONUA BIOENERGY FACILITY
ASSESSMENT OF CORAL COMMUNITY STRUCTURE – MAY 2021
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T2-3

A | A P P E N D I XHU HONUA BIOENERGY FACILITY
ASSESSMENT OF CORAL COMMUNITY STRUCTURE – MAY 2021
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T3-1

A 4 | A P P E N D I XHU HONUA BIOENERGY FACILITY
ASSESSMENT OF CORAL COMMUNITY STRUCTURE – MAY 2021
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T3-2
HU HONUA BIOENERGY FACILITY
ASSESSMENT OF CORAL COMMUNITY STRUCTURE – MAY 2021 A | A P P E N D I X
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