Recommendation & SWOT Form 33

RECOMMENDATION SUMMARY

- Due to existing/potential overcrowding and old residential structures, Hawaii's design flow calculation method can be made
slightly more lenient at 150-200 GPD per bedroom.

- The septic tank capacity calculation method can be kept largely the same as it is largely consistent with other states and
guidance documents.

- Hawaii's absorption bed area calculation method is incorrect, resulting in the lowest bed sizing in the country and is likely
not protecting groundwater well, especially in low percolation rate soils (e.g., coast land). Calculation method must be
revised accordingly.

INTERNAL FACTORS

STRENGTHS + WEAKNESSES -
- Improve groundwater protection. - Organize training for review engineers.
- Improved rationale for our records. - Adapt internal database, forms, and public facing
- Align our rules with the regulations of other state's website to accommodate the significant change.
and guidance documentation. - Develop internal procedure to reconcile potential

conflicts between old records and new ones.

EXTERNAL FACTORS

OPPORTUNITIES + THREATS —
- Allows up to six bedrooms. - Increased absorption bed sizing may lead to more
- Improved groundwater protection. variances and the requirement for additional
- Improved rationale from which engineers can use treatment.
to inform their work. - Cost of installation will go up. Could potentially be

- Closer alignment with other states makes it easier offset by reviewing deep absorption trenches,
for more wastewater engineers to enter the market. alternatives to absorption beds, and adding more
flexibility to seepage pit designs.

ADDITIONAL INFORMATION

See attached sheet for citations and detailed breakdown of problems/issues and recommendations.

Once completed, please email this form to doh.wwhb.cesspool@doh.hawaii.gov.



Note: This rationale focuses mostly on domestic wastewater and residential wastewater treatment using
on-site wastewater systems, specifically septic tanks.

Section 1: Separation between design flow and tank capacity
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Figure 1. Flow chart summarizing various methods used to determine individual wastewater system
design.

Before discussing the specifics of how to adjust the design flow, minimum septic tank capacity, and the
minimum absorption bed size, it is beneficial to discuss how the regulations determine these
specifications.

Ideally, from an engineering perspective, the septic tank capacity and absorption bed size should be
based on the design flow which is calculated based on some combination of the number of bedrooms and
the number of people occupying those bedrooms (see Figure 1(a)).



Hawaii’'s HAR Chapter 11-62 appears to follow this engineering approach, but further research into the
origins of Appendix D, Table Il reveals that it follows a logic similar to that shown in Figure 1(b). That is,
although the tank capacity is based on design flow with a minimum tank capacity set, the absorption bed
size is independent of design flow and is instead based only on the number of bedrooms with no clear
reference to the assumed wastewater generation from those bedrooms.

This issue with Appendix D, Table Il can be seen by interrogating the header which says, “Required
Absorption Area (ft2/bedroom or 200 gallons)”. First, it should be “200 gallons per day” and not “200
gallons” because it is referring to the design flow not the tank capacity. Second and most important, the
original version of this table, which can be found in the 1969 Manual of Septic Tank Practice [1], does not
reference a “200 gallons per day” flow rate or any flow rate for that matter. This is because it is based on
a 1965 Public Health Service manual for state legislation and regulation [2] that chooses to eschew
including a flow rate or design flow in state regulations altogether.

In a short review of six other states, regulators approach the process with a varying combination of these
two types of approaches that can be seen in Figure 1(c). Taking into consideration the literature and
regulations used by other states, this report will attempt to develop a revised approach to calculating
design flow rate, absorption bed sizing, and septic tank capacity.

Section 2: People per bedroom

Hawaii’'s HAR Chapter 11-62 assumes two people per bedroom as part of the design flow calculation.
This has been challenged throughout the years as being too conservative an estimate. However, review
of the literature, like [3] and [4], clearly state that it is a maximum of two people per bedroom and that it is
considered, in effect, an indirect factor of safety for homes taking into consideration the potential capacity
of the home.

The question though is does Hawaii need this indirect factor of safety. A 2019 study of Hawai’'i Housing by
SMS Research and Marketing Services, which is cited by the State’s Department of Business, Economic
Development and Tourism’s 2024 data book, shows that crowding in household units has risen slowly
over the past few years (See Figure 2). Noting further that, “Hawai’i’'s crowding rate has long been among
the highest in the nation. In 2017 Hawai’i was ranked first in crowding for owner-occupied units (6.3%)
second for renter-occupied conditions (12.8%)” [5,6]. Furthermore, when compared to national numbers,
Hawai’i’'s crowding has been slowly increasing (See Figure 3)[6]. Given the rate of crowding that occurs in
Hawaii, especially when compared to the entire nation, and that the trend suggests that crowding will
continue to increase in the near future, the indirect factor of safety of assuming a maximum of two people
per bedroom is likely still needed (in some form) for Hawaii.
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Figure 2. Percent of household units that are classified as “crowded”. Crowded in this case refers to more
than one person per room for data from 1992-2011 and more than 2 person per bedroom from 2016-
2019. Data from [5].
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Figure 3. Percentage of housing units with more than 1.5 occupants per room for Hawaii versus the entire
United States. Data from [6].

Section 3: Low-flow fixtures

A maximum water usage standard for water fixtures being sold after January 1, 1994 was put into effect
by the Energy Policy Act of 1992 [7]. This maximum water usage standard for water fixtures, like toilets,
showerheads, faucets, etc. is still in effect and can be found in 10 CFR 430.32(q). It is stated in EPA's
Onsite wastewater manual that, as a result of this legislation, homes built after 1994 or retrofitted with
compliant water fixtures would have a typical average daily of 40 to 60 gpd/capita [4]. However, it should
be noted that 66.3% of structures in Hawaii were built prior to 1989 [8]. As a result, the typical average



daily flow may be slightly higher than 40 to 60 gpd/capita depending on whether these structures have
been retrofitted.

Section 4: Design flow calculations and flow rate per capita

Hawaii's HAR Chapter 11-62 assumes a 100 gallons per day per capita flow rate. The design flow is then
calculated by multiplying the number of bedrooms by 200 gallons per day per bedroom (assumes a
maximum of 2 people per bedroom). The initial flow rate has been challenged as being too conservative
and the largest flow rate in the country.

There are different types of flow rates and the flow rate mentioned in Hawaii's HAR Chapter 11-62 is not
clearly defined. For example, it could be referring to average flow or peak flow rate, and it's not clear what
sort of safety factors were incorporated. This 100-gallons-per-day-per-capita flow rate is a number
commonly found for wastewater treatment works sizing, for example the Ten States Standards specify
100 gallons per day per capita and a peaking factor between about 2 and 4 depending on the population
size being served [9]. The 1980 EPA Design Manual for Onsite Wastewater Treatment and Disposal
Systems [4] attributes this, in part, to several safety factors stating:

“the average wastewater contribution is about 45 gpcd (170Ipcd) (2). As a safety factor, a value of
75 gpcd (284 Ipcd) can be coupled with a potential maximum dwelling density of two person per
bedroom, yielding a theoretical design flow of 150 gal/bedroom/day (570 I/bedroom/day). A
theoretical tank volume of 2 to 3 times the design daily flow is common, resulting in a total tank
design capacity of 300 to 450 gal per bedroom (1,140 to 1,700 1 per bedroom).”

It's easy to imagine that the original writers of the HAR Chapter 11-62 likely combined these two
considerations and determined that 200 gallons per day per bedroom is sufficient for designing individual
wastewater systems. This concept of safety factors being applied to average flow rates occurs in the
literature as well, Otis et al. [10] breaks it down even further:

“This is based on a waste flow of 568 L/d (150 gpd) per bedroom assuming two occupants per
bedroom each generating 284 L/d (75 gpd). While it is often good practice to size the disposal
system according to the potential use of the building rather than the present use, this particular
method of sizing automatically provides two factors of safety which may or may not be adequate
for a given situation. Current data indicate that individuals generate 150-190 L/d (40-50 gpd)
rather than 284 L/d (75 gpd) when using conventional plumbing fixtures (Bennett, et al. 1975;
Cohen and Wallman 1974; Siegrist, et al. 1976). Therefore, the assumption that 284 L/d (75 gpd)
is generated per capita provides a 1.5 factor of safety for wastewater volume. Also the number of
people occupying a home is not solely dependent on the number of bedrooms which provides
another factor of safety. These factors of safety multiply in the design. In the above example, the
total factor of safety is 4.5 (1.5 x 3) for a couple occupying a three bedroom home while it is only
1.5 (1.5 x 1) for a family of 6 in the same house.”

Additional research reveals, however, that this is not a simple issue because the relationship between
wastewater generation and household size is not linear. For a given household as the number of
occupants ranges from one to eight, the flow rate per capita starts at 97 gpd/capita and levels out to
around 50 gpd/capita [11]. | suspect that the resulting decrease is due to the sharing of facilities in a
single dwelling unit which causes the average flow rate per capita to decrease. This is likely the basis for
why many states use a minimum design flow for the first two or three bedrooms in a dwelling unit, then
add on a smaller flow rate per capita for each successive bedroom, like New Mexico [12], Oregon [13], or
Vermont [14]. This is why when compared to other states, as shown in Figure 4, Hawaii has lower design



flow for the first bedroom than begins to outpace other states significantly as the number of bedrooms
increases.

However, Hawaii only requires 200 gpd per bedroom regardless of the number of dwelling units. That is,
properties with many one-to-two-bedroom dwelling units would have lower design flow using Hawaii
regulations when compared to calculations using other state’s regulations.
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Figure 4. Comparison of design flows calculated using wastewater regulations from different states [12,
13, 14, 15, 16, 17].

Specifying a minimum design flow is preferred because it simplifies the design process while still
accounting for the variable flow rate of dwelling units based on occupancy. Unfortunately, it is difficult or
not possible to incorporate a minimum design flow in HAR Chapter 11-62 because of HRS 342D-73,
which states in part that, “An individual wastewater system may serve up to five bedrooms, regardless of
the number of: (1) Dwellings or dwelling units; or (2) Accessory units as defined by the counties”. That is,
setting a minimum design flow for a dwelling unit would make it not possible to reach five bedrooms when
there are multiple dwelling units being served by an individual wastewater system.

Section 5: What about septic tank capacity?

Hawaii's HAR Chapter 11-62 specifies a minimum tank capacity of 1000 gallons and a capacity
calculation of design flow x 1.25. Most states follow a similar approach with a similar minimum capacity of
1000 gallons or just have a table for determining the septic tank capacity. This results in Hawaii’s septic
tank capacity being consistent with other states’ regulations (See Figure 5).

Strangely, this is where all the states deviate noticeably from guidance documentation. Many guidance
documents recommend a minimum of 750 gallons for the septic tank capacity and then 150 to 300
gallons for each bedroom after the second bedroom [1, 2, 3, 4, 18].
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Figure 5. Comparison of septic tank capacity calculated using wastewater regulations from different states
[12, 13, 14, 15, 16, 17].

Section 6: The absorption bed calculation is incorrect

Hawaii's HAR Chapter 11-62’s approach to calculating the absorption bed area is incorrect. As mentioned
previously, the absorption bed calculation uses a table and plot found in the 1969 Manual of Septic Tank
Practice [1], which references the 1965 Public Health Service manual for state legislation and regulation
[2]. Although this absorption bed area sizing was only intended to be used with a bedroom count, the
writers of HAR Chapter 11-62 decided to relate it to a rate of 200 gpd per bedroom. Of the state
regulations that | reviewed, none of them used the table or plot used by HAR Chapter 11-62. Additionally,
HAR Chapter 11-62 incorrectly incorporated the table and plot found in the 1969 Manual of Septic Tank
Practice by not including that the minimum number of bedrooms, which should be used to calculate the
absorption bed size, is two bedrooms.

As a result, when compared to other states, Hawaii’'s HAR Chapter 11-62 specifications for absorption
bed area are undersized and among the lowest in the nation (See Figure 6). Many other states use what
is known as an application rate or loading rate with units of gpd/ft?. Dividing the design flow by the
maximum loading rate yields the minimum square footage of the bottom area of the absorption bed. Often
this loading rate is correlated with soil characteristics [14, 15, 19], but can also be correlated with
percolation rate [16, 17, 20]. However, the 1980 EPA Onsite Wastewater Design Manual does warn that,
“Soil texture and measured percolation rates will not always be correlated as indicated, due to differences
in structure, clay mineral content, bulk densities, and other factors in various areas of the country (see
Chapter 3)” [3].

Most states, like Pennsylvania [16], Vermont [14] and Washington [15], use loading rates that are
relatively consistent with those seen in Table 7-2 of the 1980 EPA Onsite Wastewater Manual [3]. While
other states require smaller loading rates (i.e., larger absorption bed area) like Arkansas [20] and
Massachusetts [17]. Further research into Table 7-2 of the 1980 EPA Onsite Wastewater Manual leads to
a paper by Otis et al. that was published in 1978 titled “Design of Conventional Soil Absorption Trenches
and Beds”. Paper by Otis et al. discusses various specifications to consider when designing an
absorption trench or bed, and most importantly includes a table of suggested loading rates based on



percolation rate (see Figure 7 for screenshot of table). These loading rates are based on an assumed 150
gpd per bedroom and vary by depth to bedrock [10].
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Figure 6. Comparison of minimum possible absorption bed area sizing calculated using wastewater
regulations from different states [12, 13, 14, 15, 16, 17].

Figure 7. Screenshot of Table Il from Otis et al. [10].

Section 7: Proposed changes

Based on evidence provided in the previous sections, | would suggest the following revisions to our
design flow, septic tank capacity, and absorption bed area calculations and regulations:

Adopt a variable design flow calculation based on:




An assumption of 200 gpd per bedroom for the first two bedrooms. Note: This assumption is
necessary to comply with HRS 342D-73. Due to this, one bedroom dwelling units are likely to
have an underestimated design flow.

a slightly conservative 50 gpd/person based on a possible range of 40 to 50 gpd, and considering
consistency with low-flow fixture rates, expected flow rates based on household size, and the
regulations of other states,

a factor of safety of 1.5 for the per capita flow rate based on literature and the regulation of other
states,

a conservative two people per bedroom based on census data, potential usage of homes
including an additional minor factor of safety,

a minimum design flow rate for a dwelling unit based on a minimum of two bedrooms based on
guidance documents and being consistent with other state regulations.

Table 1. Proposed changes to how the design flow is calculated.

# of Bedrooms Design Flow (gpd)
1 200
2 400
3 550
4 700
5 850
6 1000

Adopt a septic tank capacity calculation based on:

Note: Sizing a septic tank for five one-bedroom dwelling units will likely be undersized due to the
restrictions placed by HRS 342D-73.

a very lenient conversion factor of 1.25 gallons per gpd between design flow and septic tank
capacity is maintained,

maintaining a minimum septic tank capacity of 1000 gallons.

Table 2. Proposed changes to how the septic tank capacity is calculated.

# of Bedrooms Capacity (gal)
1000
1000
1000
1050
1063
1250

N[ WIN|I—

Adopt a new absorption bed area sizing calculation based on:

a slightly adjusted loading rate based on the literature, guidance documents, and other state
regulations.

Table 3. Proposed changes to how the absorption bed area is calculated.

Percolation Rate Loading Rate
(min/inch) (gpd/ft?)
<1 Unsuitable
1-5 1.2
6-15 0.8
16-30 0.6
31-45 0.5




45-60 0.45
>60 Unsuitable

Section 8: Expected impacts

e The number of bedrooms allowed would increase to six bedrooms.
o The septic tank capacity sizing would see a slight increase at higher bedroom counts.
e The absorption bed sizing will increase (See Table 4 for example calculation).

Table 4. Example of changes to minimum absorption bed sizing.

# of Bedrooms Old Design Flow Old Absorption New Design Flow New Absorption
(gpd) Bed Area (ft?) (gpd) Bed Area (ft?)
1 200 70 200 166
2 400 140 400 333
3 600 210 550 458
4 800 280 700 583
5 1000 350 850 708
6 - - 1000 833
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