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EXECUTIVE SUMMARY 
 
INTRODUCTION 
 
Mason County retained the services of Cascade Design Professionals, Inc. and Financial Services 
Group to amend the Skokomish Tribe Wastewater Master Plan (KCM, 1998), which was 
approved as a wastewater facilities plan by the Washington Department of Ecology (DOE).  This 
document reflects recent population forecasts, proposed service areas, and changes in 
technology. 
 
BACKGROUND AND PURPOSE 
 
The Skokomish Indian Tribe (SIT) Wastewater Master Plan – Final Report was completed in 
November 1998.  The Plan included a preliminary analysis of all the components of a wastewater 
system for the Reservation, including the existing on-site wastewater systems, flow and load 
estimates, and wastewater collection, treatment and disposal alternatives. The recommended 
system included:  
 

1. A pressurized collection system, with grinder pumps, to reduce inflow and infiltration 
(I/I) in the high groundwater areas. 

2. A single, centralized treatment plant, with a complete mix aerated lagoon and clarifier 
(Biolac) treatment system. Optional treatment systems included the Sequencing Batch 
Reactor and the recirculating gravel filter. The recommended location was the former 
WSDOT maintenance yard. 

3. Disinfection technologies using ultraviolet radiation. 
4. Sludge disposal using land application in the forest on the western hills. 
5. Effluent disposal with rapid infiltration north and east of the former WSDOT 

maintenance yard, or on the WSDOT parcel, toward the back of the property. 
 
Substantial developments have occurred since completion of the November 1998 Plan, thus 
requiring an amendment to the Master Plan to reflect changed conditions, including water 
quality, regulatory requirements, engineering technology, and population projections, per WAC 
173-240-030(4), 7/11/00.  This amendment is intended to be the wastewater facilities plan which, 
if approved, would be the basis for preparation of final plans and specifications for wastewater 
facilities for the Reservation. 
 
The Project Definition phase of the Wastewater Facilities Planning phase of the project has been 
completed and the recommendations of the Project Definition report are as follows: 
 

• Two separate treatment plants are necessary, one located at the Potlatch State Park and 
one located in that Core Reservation area. 

• The recommended collection system is a low-pressure sewer system, using grinder 
pumps at each connection.  However, because of existing infrastructure at Potlatch State 
Park, the low-pressure system will work in combination with a typical gravity sewer 
system. 
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• Wastewater will be treated to Class A standards and disposed of in infiltration basins. 
 
 
POPULATION PROJECTIONS 
 
Based on an assessment provided by the Skokomish Tribe and input from the Tribe’s wastewater 
planning committee, population projections and planning assumptions for the reservation were 
established and used as a basis for estimating current and future wastewater flows and loadings.   
 
Planning assumptions were documented in a memo, which is included in Appendix B.  Estimates 
were developed for two phases of the project: 
 

• Phase 1 which will provide service to at least 2014, and 
• Ultimate Build Out which will provide service to at least 2029. 

 
Population estimates for each planning area are shown in Table ES-1. 
 

Table ES-1.  Population Estimates 

Description Phase 1 
(2014) 

Ultimate 
Build Out 

(2029) 
   
Potlatch Service Areas 316 897 
Core Reservation 478 855 
Total 794 1,752 

 
  
WASTEWATER FLOWS AND LOADINGS 
 
Based on the population estimates and planning assumptions, it was necessary to derive new 
wastewater flows and loadings for the Skokomish Reservation.  Table ES-2 presents a summary 
of the Phase 1 and Ultimate projections of wastewater flows and loadings for the Potlatch 
Bubble. Wastewater flows and loadings for the Core Reservation are shown in Table ES-3. 
 

Table ES-2. Potlatch Bubble 
Service Area Design Flows and Loadings 

Design Flows (mgd) Phase 1 (2014) Ultimate (2029) 
Average Daily 0.059 0.123 
Peak 0.119 0.246 

Design Loadings (lb/day)   
Average Daily BOD 146 340 
Average Daily TSS 146 340 
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Table ES-3. Core Area 
Service Area Design Flows and Loadings 

Design Flows (mgd) Phase 1 (2014) Ultimate (2029) 
Average Daily 0.094 0.151 
Peak 0.188 0.302 

Design Loadings (lb/day)   
Average Daily BOD 293 394 
Average Daily TSS 233 334 

 
 
 
ALTERNATIVES 
 
The review of treatment alternatives within this supplemental information is limited to the two 
separate treatment alternatives that have been identified in previous planning efforts (Project 
Definition Report) and presented to the Skokomish Tribe Wastewater Planning Committee and 
the Tri-Party Group.   
 
SUMMARY OF RECOMMENDATIONS 
 
Based on further development of conveyance, treatment, and disposal alternatives for the 
Potlatch Bubble and Core Service Areas, a low pressure sewer system, two separate wastewater 
treatment plants, and soil percolation disposal systems (infiltration basins) are recommended to 
serve each of these two areas.  Of the two treatment plants, one will be located in the Core 
Reservation at the WSDOT property and the second in the Potlatch Bubble Area will be located 
in the southwest corner of the current boundaries of Potlatch State Park.  Each treatment plant 
will be capable of producing a Class A reclaimed effluent suitable for unrestricted reuse and will 
be percolated through the soil in infiltration basins. 
 
POTLATCH BUBBLE AREA 
 
Plan Elements 
 
The following are key elements of the recommended plan for the Potlatch Bubble Service Area: 
 

• Initially sewer collection and conveyance must be provided for within the service area, 
which will consist of a low-pressure sewer system to serve Potlatch State Park, Minerva 
RV Park, and residences located north of the Minerva RV Park.  Conveyance for the 
Skokomish t3ba’das Housing Project will be a gravity collection system that will convey 
wastewater to a common point, which will then be pumped to the new treatment 
facilities.  Washington State Parks is redeveloping the collection system within the 
existing park and Minerva RV Park West 
 

• At the new treatment facilities, wastewater will be treated to Class A standards using a 
membrane bioreactor (MBR) treatment system.  Each facility design has 
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microscreening/grit removal at the headworks, flow equalization, biological treatment 
(MBR), and ultraviolet light disinfection prior to discharge.  The Potlatch facility design 
has two influent pump stations, operating in series with a standby generator.  Solids 
treatment for Potlatch will be with an aerobic digester and solids will be trucked off-site 
in liquid form for final dewatering and disposal at the Core Reservation plant. 
 
The basic design data and sizing calculations of each unit process of the treatment works 
has been developed, which are necessary to consistently achieve the expected efficiencies 
of the entire plant, while reliably producing the anticipated Class A effluent.  Key to 
successful startup of this plant is that at least 50 percent of the flow comes from 
residential sources, which is necessary to even out the intermittent flows from the State 
Park.  To achieve this, it is recommended that at least 50 residences be connected to the 
plant at startup. 

• The effluent will be suitable for discharge to an infiltration basin or for unrestricted reuse 
and disposed of by soil percolation in infiltration beds.  The infiltration basins will be 
located on the west side of Potlatch State Park near the existing drainfields. 

• Based on preliminary design criteria, costs were developed for each component of the 
recommended plan.  The total capital cost of the recommended plan is $5,582,000.  

• Annual operation and maintenance costs for the recommended plan are $251,000. 
• It is recommended that the utility reinvest about $46,000 annually for repair and 

replacement of equipment 
 
Project Schedule 
 
It is expected that upon initiation of the design phase it will take a minimum of two to three years 
to implement this plan, of which 12 months is necessary to complete the design, acquire funding, 
acquire easements as necessary (for the collection system), and decommission the old septic 
tanks.  It is anticipated that construction and decommissioning will take approximately two years 
to complete.  The treatment plant could be up and running in two years if an alternate delivery 
approach is used, such as design-build. 
 
Financial Impact 
 
As discussed in Section 9, the financial impacts of initiating, developing, and constructing the 
capital improvements have been quantified.  Financial Consulting Solutions Group, Inc. 
evaluated current and available funding sources, developed funding scenarios, identified user 
rates for two scenarios, and recommended a financial strategy to establish a viable utility based 
on the program costs presented.   

 
The Tribe, Mason County, and Washington State Parks have already secured grants toward 
financing the project, which can be used to match funding from other loan programs. 
 
Two basic scenarios for funding the initial capital costs of the system were evaluated.  Scenario 1 
is based on a obtaining a PWTF loan and contemplates monthly sewer rates as the primary 
means of funding operations, debt repayment, and capital reinvestment.  Scenario 2 assumes that 
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capital costs are grant funded entirely and that monthly sewer rates will fund operations and 
capital reinvestment. 
 
Under Scenario 1, a loan of $4,542,000 would have to be obtained to supplement available grant 
funds of $1,350,000, financing a capital cost program totaling $5,890,000 (cost escalated to year 
of projected spending).  Even so, the monthly rate per ERU is significant, and in order to keep 
monthly rates around $24/month the tribe must supplement the program, in the amount of 
$162,000 under Scenario 1 (loan funded program) and $71,000 under Scenario 2 (100 percent 
grant funded program), respectively. 
 
CORE AREA 
 
Plan Elements  
 
The following are key elements of the recommended plan for the Core Area:  
 

• Initially sewer collection and conveyance must be provided for within the service area, 
which will consist of a low-pressure sewer system to serve the central Core Service Area, 
including commercial and residential properties east of Highway 101, from the north end 
at Minerva Terrace down to the junction with Highway 106.  The collection system will 
extend east along Reservation Road and down Tribal Center Road.  All flow will be 
pumped by the individual grinder pumps into a common low pressure head system, which 
will then convey all wastewater to the new treatment facilities. 

 
• At the new treatment facilities, wastewater will be treated to Class A standards and 

provide reuse through infiltration beds.  Each facility design has microscreening/grit 
removal at the headworks, flow equalization, biological treatment (MBR), and ultraviolet 
light disinfection prior to discharge. The Core facility design has an effluent pump 
station, single, radial power distribution with a standby generator.  Solids treatment for 
the Core plant will be with an aerobic digester.  Solids will be dewatered with a belt filter 
press and hauled to a permitted landfill or land application system for final disposal.   The 
belt filter press is sized to dewater all solids trucked in from the Potlatch plant. 
 
The basic design data and sizing calculations of each unit of the treatment works has been 
developed which are necessary to consistently achieve the expected efficiencies of each 
unit and also of the entire plant, reliably producing the anticipated Class A effluent.  
 
It should be noted that there are no known future developments that will produce 
industrial wastes; therefore there are no provisions for pretreatment of significant 
industrial sources.  However, the Lucky Dog Casino produces a high strength wastewater 
which has been accounted for in the biological process sizing.  

 
• The treatment facilities will be located on the southeast corner of the WSDOT site and 

the infiltration basins (initial only) will be located on the east side of Highway 101 on the 
Richard Smith property.  Siting of the infiltration basins for the ultimate plant has yet to 
be confirmed. 
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• Based on preliminary design criteria, costs were developed for each component of the 

recommended plan.  The total capital cost of the recommended plan is $8,923,000. 
 

• Annual operation and maintenance costs for the recommended plan are $386,000.  This 
cost includes plant management and utility billing, assuming they are also managing the 
Potlatch Bubble plant. 

 
• It is recommended that the utility reinvest about $72,000 annually for repair and 

replacement of equipment. 
 
Project Schedule 
 
It is expected that upon initiation of the design phase it will take a minimum of three to four 
years to implement this plan, of which 18 months is necessary to complete the design, acquire 
funding, acquire easements as necessary (for the collection system), and decommission the old 
septic tanks.  It is anticipated that construction and decommissioning will take approximately 
two to three years to complete, depending on how quickly the conveyance piping can be 
constructed.  The treatment plant could be up and running in two years if an alternate delivery 
approach is used, such as design-build. 
 
Financial Impact 
 
As previously discussed, the financial impact of initiating, developing, and constructing the 
capital improvements have been quantified.  Financial Consulting Solutions Group, Inc. 
evaluated current and available funding sources, developed funding scenarios, identified user 
rates for two scenarios, and recommended a financial strategy to establish a viable utility based 
on the program costs presented. 

 
The Tribe, Mason County, and Washington State Parks have already secured grants toward 
financing the project, which can be used to match funding from other loan programs. 
 
Two basic scenarios for funding the initial capital costs of the system were evaluated.  Scenario 1 
is based on a obtaining a PWTF loan and contemplates monthly sewer rates as the primary 
means of funding operations, debt repayment, and capital reinvestment.  Scenario 2 assumes that 
capital costs are grant funded entirely and that monthly sewer rates will fund operations and 
capital reinvestment. 
 
Under Scenario 1, a loan of $7,450,000 would have to be obtained to supplement available grant 
funds of $2,159,000, financing a capital cost program totaling $9,609,000 (cost escalated to year 
of projected spending). 
 
Even so, the monthly rate per ERU is significant, and in order to keep monthly rates around 
$24/month the tribe must supplement the program, in the amount of $678,000 per year under 
Scenario 1 (loan funded program) and $252,000 per year under Scenario 2 (100 percent grant 
funded program), respectively. 
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IMPLEMENTATION OF THE RECOMMENDED PLAN 
 
Implementation 
 
The cost to implement a new wastewater conveyance, treatment, and disposal system will result 
in a severe monthly impact to the rate payer, especially if the tribe does not contribute to the 
program.  Implementing this plan also presents a challenge in that a new utility must be formed 
to construct and operate the system. 
 
In addition, it cannot be stressed enough the need to pursue every possible grant and loan 
program, traditional and non-traditional, thereby lessening the financial impact.   
 
The recommended strategy for implementation of this plan should focus on two main areas of 
activity: 
 

1. Pursuit of project funding assistance 
2. Development of a new utility that can implement this program 
3. Continue with necessary siting studies and preliminary design, which will provide more 

accurate cost estimates 
 
  Toward this end, it is recommended that the Tribe: 

 
• Pursue all available grant and low cost loan programs 

 
• Begin to form the entity or utility that will operate and maintain the system.  Set a 

realistic, but aggressive schedule to accomplish this. 
 
• Develop sound financial policies addressing utility reserves, capital improvement and 

replacement funding, debt policies, rate equity, and financial administration. 
 

• Establish and adopt appropriate tribal ordinance and resolutions that implement the 
formation of the utility and give it the authority to set rates, charge customers, and 
execute the financial management of the utility. 

 
For Further Discussion 
 
Additional discussion should occur for the following issues, because they may affect key 
assumptions for flow and load estimates, process sizing, and financial impacts: 
 

• The ERU used for financial analysis is based on the current density of tribal housing of 
4.19 persons/ household and a per capita usage of 100 gallons/day.  This ERU may be 
non-representative for non-tribal residences and as a result, reduces the actual number of 
non-tribal ERU’s.  It may be beneficial to conduct the financial analysis with tribal and 
non-tribal ERU’s that are representative of each. 
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• At the time of publication of this document, results of the geotechnical investigation were 
just becoming available.  Higher rates of infiltration were used in the calculations for this 
report than are supported by the latest data.  This means that larger areas for infiltration 
basins could be required to serve Phase 1 of sewer development, and additional basin 
sites may be needed for the ultimate phase than are contemplated in this document.  
Although the planning level cost estimates presented may also need to be increased, there 
should be sufficient room in these estimates to accommodate some change. 
 
Permitting final infiltration basins will require substantial exploration and even testing 
during design.  It is during design that basin sizing will be closely matched with the 
results of detailed soils analysis and further refinement of projected flows.   
 

• Again, it cannot be emphasized more strongly that successful development of a 
wastewater treatment system for the Potlatch Bubble depends upon hooking up at least 
enough homes to balance out the intermittent flows that will be produced by the Potlatch 
State Park.  Compliance with effluent discharge limitations is critical, because “out-of-
compliance” overflow basins are not included in the cost estimates.  It is recommended 
that the residential flow component for Potlatch be at least 50 percent of the total flow. 
 

• In addition, because untreated wastewater is being pumped up to the Potlatch Bubble site 
(elevation 260 feet), it is recommended that finding a lower site, ideally at elevation of 
Highway 101, would result in significant cost savings.  Cost savings would be in the form 
of two pump stations, several thousand feet of pipe, and lower operation and maintenance 
costs. 
 

• The t3ba’das (pronounced “Tebadas”) housing project is proceeding at rapid pace and 
construction will be initiated in August 2007.  Currently, the project includes a significant 
investment in an on-site community drainfield, which is scheduled for construction in late 
2007 and early 2008.  Therefore, development of a treatment plant for the Potlatch 
Bubble should be implemented with this in mind and possibly accelerated to avoid 
spending money on a drainfield system that will be used on a temporary basis. 
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SECTION 1 
INTRODUCTION 
 
BACKGROUND AND PURPOSE 
 
The Skokomish Indian Tribe (SIT) Wastewater Master Plan – Final Report was completed in 
November 1998.  The Plan included a preliminary analysis of all the components of a 
wastewater system for the Reservation, including the existing on-site wastewater systems, flow 
and load estimates, and wastewater collection, treatment and disposal alternatives. The 
recommended system included:  
 

1. A pressurized collection system, with grinder pumps, to reduce inflow and infiltration 
(I/I) in the high groundwater areas. 

2. A single, centralized treatment plant, with a complete mix aerated lagoon and clarifier 
(Biolac) treatment system. Optional treatment systems included the Sequencing Batch 
Reactor and the recirculating gravel filter. The recommended location was the former 
WSDOT maintenance yard. 

3. Disinfection technologies using ultraviolet radiation. 
4. Sludge disposal using land application in the forest on the western hills. 
5. Effluent disposal with rapid infiltration north and east of the former WSDOT 

maintenance yard, or on the WSDOT parcel, toward the back of the property. 
 
Substantial developments have occurred since completion of the November 1998 Master Plan, 
including:  
 

1. Advances in treatment technology have led to a revision to the recommended treatment 
technology. 

2. Tribal land use maps have been developed, in addition to a population assessment (SIT, 
2006). 

3. A Nonpoint Source Assessment and Preliminary Management Plan have been prepared 
for the Reservation. The plan includes development of wastewater services (SIT, 2006). 

4. A total maximum daily load (TMDL) has been approved for fecal coliform in the 
Skokomish River. The Clean-Up Plan includes development of a wastewater treatment 
system for the Reservation (Washington Department of Ecology (DOE), 2001). 

5. Several fish kills in Hood Canal have been assessed, and attributed to nitrogen loading. 
The Skokomish River was estimated to be the largest source of nitrogen in the basin 
(USGS, 2006). The State of Washington has committed substantial resources to 
improving conditions in the Canal. 

6. A recovery plan has been adopted for the Hood Canal Summer Chum ESU (National 
Marine Fisheries Service, 2007). 

 
This report is intended to amend the Plan to reflect changed conditions, including water quality, 
regulatory requirements, engineering technology, and population projections, per WAC 173-240-
030(4), 7/11/00.  The amendment is intended to be the wastewater facilities plan which, if 
approved, would be the basis for preparation of final plans and specifications for wastewater 
facilities for the Reservation. 
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DEVELOPMENT PROCESS FOR FACILITY PLAN UPDATE 
 
The Hood Canal Coordination Council provided funds to Mason County for a review of 
wastewater management options for the western shore of Hood Canal from Hoodsport south 
through the Skokomish Indian Reservation.  The County funded an Action Team, consisting of 
representatives from the Tribe, Hoodsport, Mason County, and Washington State Parks and 
Recreation.  The Action Team facilitated the review, comment and participation of several state 
agencies to assure a coordinated Tribal, County, and State of Washington involvement and 
response.  The purpose was to assemble data and examine ways to improve Hood Canal water 
quality which suffers from low dissolved oxygen and fecal contamination, by eliminating 
existing septic systems. The review was completed in September 2006, and is summarized in the 
Wastewater Management Alternatives Analysis (2006).  
 
Based on the review, one of the major sources of the water quality problems in Hood Canal is 
widely presumed to be residential and commercial wastewater along and near the shoreline.  The 
current management technique is conventional septic systems that do not treat for nitrogen.  Too 
much nitrogen reaching Hood Canal results in low dissolved oxygen.  Inadequate conventional 
septic systems also result in fecal contamination, an indicator of unsuitable bacterial 
contamination. 
 
Mason County secured funding for the Project Definition phase of the Wastewater Facilities 
Planning phase of the project, and working with the County, Tribe, and WSPRC.  Cascade 
Design Professionals, Inc. prepared the document with coordination by Sharar Consulting and 
others.  The Project Definition Report was presented to the Tribe and Mason County followed by 
release to the public (March 2007). The Report is included in Appendix J. 
 
The Project Definition Report effort concluded that two separate treatment plants, one located at 
Potlatch State Park and one at the Core Reservation was the most beneficial solution for the 
Tribe.  While a single treatment plant located at the Core Reservation may be possible, and 
would certainly be reliable and cost effective, it was determined that the needs of the Tribe will 
be best met by taking a different, localized approach. The decision to pursue this path took into 
account not only cost, available land and environmental issues, but also current development 
goals of the Tribe and their ability to establish, finance, and manage a new wastewater collection 
and treatment utility. 
 
In addition, the recommended treatment technology, collection system and effluent disposal 
system were evaluated in the Project Definition Report. The results of that analysis are 
summarized in the Project Definition Report, and are not duplicated in this Amendment. A brief 
summary of the results are included in Section 8.   
 
Wastewater service areas were revised very little from the original Plan. Some fine tuning of the 
service area boundaries was developed with direction from the Tribe’s Wastewater Planning 
Committee, which included Tribal staff, Tribal Council members and consultants. The service 
areas were separated into two phases, Phase 1 (2014) and Ultimate Build Out (2029). The 
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separation of the two phases was prepared in response to Tribal direction, as a way to define an 
initial project that is economically feasible. 
 
The location alternatives for the treatment plants and for effluent disposal (infiltration beds) have 
been further developed, and are summarized in Section 8, as well.  Finally, the level of 
development of these options was developed from a rudimentary conceptual level to a schematic 
design level. Financial requirements for development of the systems have also been further 
developed. 
 
PROJECT DESCRIPTION 
 
The Skokomish Reservation wastewater system will include two separate systems for collection, 
treatment and disposal, one for the northern half of the reservation, called the Potlatch Bubble, 
and the second for the southern half of the reservation, called the Core Area (see Figure 1, 
Project Location). Each system will be constructed in two phases, to reduce initial capital costs. 
Both systems may be operated as two separate utilities, sharing or contracting staff time, to 
reduce costs and increase efficiency. The financial analysis of the systems was developed based 
on this assumption.  
 
The project location map is shown in Figure 1. 
 
Potlatch Bubble System 
 
The Potlatch Bubble system includes service to the following areas (see Figure 2): 
 

1. The new Tribal Housing west of Potlatch State Park (Service Area A),  
2. The Park (Service Area B), including an expansion of the Park to the north and west 

of the highway,  
3. Minerva RV Park (Service Area C),  
4. And a small residential area adjacent to Hood Canal and north of Minerva RV Park in 

the service area creep (Service Area D).  
5. A residential and commercial area that extends from Tillicum Beach to the 

reservation boundary, and includes Mason County PUD #1 and the Cushman Lake 
Powerhouse/Tailrace (Service Area E). 

 
Services in this area include grinder pumps, for individual residences in the service area creep, a 
single large grinder pump for Minerva RV Park, an upgraded lift station in the State Park, and an 
upgraded lift station for the new Tribal Housing. 
 
The treatment plant for the Potlatch Bubble is located near the existing State Park septic 
drainfield, on the western edge of the Park. The plant is a Membrane Bioreactor (MBR) plant, 
the preferred technology to achieve nitrogen removal and Class A effluent standards, with 
minimal risk of violation. Sludge drying will be off-site, at the Core Area treatment plant. 
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Effluent disposal will be done with infiltration beds, near the site of the existing Parks drainfield. 
The highly treated Class A effluent will be infiltrated slowly in a series of several terraced 
infiltration beds. 
 
Core Area System 
 
The Core Service Areas are shown in Figure 3. The system includes service to residences and 
businesses on Highway 101 (Service Area G), to a small area identified for commercial 
development in the near term, located at the intersection of Highway 101 and SR 106 (Service 
Area H), to the residential area along Reservation Road and Tribal Center Road, extending to the 
Tribal Center (Service Area J). 
 
Service in this area will be provided with a low pressure system including grinder pumps and  a 
pump station for the Casino. 
 
The treatment plant for the Core Area is located on the west side of Highway 101, at the former 
site of the WSDOT maintenance yard. The plant is an MBR plant and will include sludge 
dewatering facilities. Biosolids disposal will be land application to forest land as recommended 
in the original Master Plan. 
 
Effluent disposal will be done with infiltration beds on the east side of Highway 101, just north 
of the former WSDOT parcel. The highly treated Class A effluent will be infiltrated slowly in a 
single infiltration bed on the western edge of the Richard Smith property. 
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SECTION 2 
STUDY AREA ENVIRONMENT 
AMENDMENT TO CHAPTER 2 NATURAL AND CULTURAL ENVIRONMENT 
 
The 1998 Wastewater Master Plan documented water quality monitoring, wetland assessments 
and the status of several stocks of fish in the Skokomish River. The Plan also included a 
hydrogeologic evaluation of the area. The Plan indicated water quality monitoring results were 
in violation of Class AA water quality standards for fecal coliform and dissolved oxygen in 
Skabob Creek, in the Core Area (see Appendix A). Fish populations were depressed, but none 
were identified as listed endangered under the Endangered Species Act. Shellfish beds had 
never been closed to harvest for health risks. 
 
Since the Plan was published severe water quality conditions have occurred in the river and in 
Hood Canal, and several fish have been listed as endangered. Studies show significant impacts 
of fecal coliform and nitrogen loading to the Skokomish River and Hood Canal. Shellfish beds 
have been closed to harvest several times. The study results are briefly summarized in this 
section, along with key elements of the 1998 Master Plan.  
 
SURFACE WATER IMPACTS – FECAL COLIFORM  
 
A Fecal Coliform (FC) TMDL Study and Clean-Up Plan for the Skokomish River included the 
following summary of fecal coliform monitoring: 
 

“Bacterial contamination of fresh and marine waters in the lower Skokomish River 
basin was found through water quality monitoring programs since 1995 by the 
Department of Ecology (Ecology), Department of Health (DOH), and the Skokomish 
Tribe (Tribe). Ecology listed eleven streams in the lower Skokomish River basin under 
Section 303(d) of the federal Clean Water Act in 1996 for not meeting water quality 
standards for fecal coliform bacteria. Only eight of these streams were listed in 1998. In 
all but one year since 1995, DOH has listed the Annas Bay commercial shellfish 
harvest area as threatened due to FC contamination.” (10) 

 
The Study also documented sources of fecal coliform: 
 

“Sources of FC pollution in the project area include humans, domestic animals, and 
wild animals. The domestic livestock population in the lower valley is estimated to 
include about 500 cattle, and a smaller number of horses, llamas, goats, and chickens 
(Mason County Conservation District, 2001). Estimates of wild animal populations 
(e.g. elk, deer, beaver, waterfowl, and other warm-blooded animals) were not 
obtained.” (10) 

 
Finally, the SIT Nonpoint Source Assessment and Preliminary Management Plan summarized 
Hood Canal shellfish impacts due to fecal contamination: 
 

“Tribal, commercial, and recreational harvesters use the Annas Bay shellfish resources.  
Shellfish beds are located within, and to the south of Potlatch State Park and to the east 
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near the town of Union.  Commercial shellfish beds near the mouth of the Skokomish 
River recently closed (August 2005) due to fecal contamination.” (9) 

 
Reviewing a USGS study of increased flooding in the 1990’s, flooding occurred 3 times in the 
Skokomish River floodplain to a depth at the gauge (upstream of Highway 101) that 
approximated the 100 year flood elevation in the FEMA Flood Insurance Study (FIS) (31 ft, 
NAVD 88). (4) If the FIS were accurate, the flood elevation downstream of SR 106 would 
have been approximately 22.4 ft NAVD 88. Each of these floods submerged approximately 
126 septic systems in the Core Area. 
 
Tribal staff summarized the documented causes of increased flooding in the Skokomish River 
floodplain. The following excerpt is taken from the Nonpoint Assessment Report and 
Preliminary Management Plan: 

 
“In general, human activities have altered the entire natural hydrologic regime in the 
Skokomish basin.  For example, according to research, (Barreca, 1998), forest practices, 
road building, dikes, levies, and other land use practices have caused filling of the lower 
river channel with aggregate to over five times background levels.  This has increased the 
frequency and intensity of flood events, increased basin groundwater levels, and caused 
septic system failures.  In addition, tidal fluctuations affect the lower Skokomish River to 
approximately river mile 1.8 (Seiders et al., 2001) which exacerbates groundwater concerns 
during high tide and high flood flows events. 
 
“Hydroelectric power generation influences the lower Skokomish system and the 
Reservation.  Ninety (90%) percent of the North Fork Skokomish river flow is diverted 
through the Cushman Dam project, causing a forty-five percent(45%) reduction of the 
mainstem Skokomish River flow (KCM, 1997).  The flow in the lower North Fork 
Skokomish River is limited to the non-impounded 60 cubic feet per second (cfs)1, and the 
drainage of adjacent slopes, and infrequent releases or spills from the lower dam (EPA, 
2004; Golder, 2002).  It is believed that this reduction in flow is one of the factors, which 
has caused a filling of the lower Skokomish River and increased flooding throughout the 
lower Skokomish basin.” 

 
SURFACE WATER IMPACTS - NITROGEN  

 
In 2006, nitrogen loading was determined to be the cause of several fish kills in the Hood 
Canal. (1) Nitrogen sources were evaluated for the entire Hood Canal drainage basin, and the 
Skokomish River was found to be the highest source, by a factor of 2.5. One-hundred and 
thirty-one metric tons of dissolved inorganic nitrogen (DIN) were estimated to flow into the 
Canal from the Skokomish River, per year.  
 

                                                 
1 Recent legal findings and Federal Energy Regulatory Commission (FERC) licensing requirements may require 
240 CFS be put back into the North Fork Skokomish River. United states of America FERC 107 61,288 June 21, 
2004 
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The fish kills were greatly alarming in that all aquatic life in the Canal was severely impacted, 
and as many as 1/3 of the fish may have died. (2) The kills led to the development of an 
initiative by Governor Gregoire to protect water quality throughout Puget Sound including the 
Hood Canal, called The Sound Partnership. The State of Washington has subsequently made 
substantial commitments to addressing the health of aquatic life in Hood Canal and in Puget 
Sound. 
 
GROUNDWATER IMPACTS 

 
The water table in the Core Area may be within 5 – 6 ft of the ground surface in summer, and 
near the ground surface in the winter. However, the aquifer in this area is primarily recharged 
from upland infiltration. (6) But bacterial contamination has occurred in shallower (< 100 ft) 
water supply wells. There are a total of 37 water supply wells in the Skokomish River 
floodplain. Flooding can cause fecal and nitrogen contamination of the wells, from existing 
septic drain fields. The wells are generally 100 to 150 feet deep. (5) See Appendix G for well 
and failing septic mapping. 
 
Poor soil conditions dominate the Core Reservation Service Area in the Skokomish River 
floodplain. (5) Poor soil conditions generally impair the operation of the existing septic 
systems, leading to a risk of groundwater contamination. When septic tank effluent flows into a 
mound where soils are saturated, nitrogen contaminants remain untreated, and ammonium is 
leached into the groundwater. Alternatively, when septic tank effluent is discharged into a 
mound with gravelly coarse sands, the ammonium and organic nitrogen are converted to 
nitrate, which is leached to the groundwater.  
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SECTION 3 
REGULATORY REQUIREMENTS 
AMENDMENT TO CHAPTER 5 REGULATORY REQUIREMENTS 
 
The 1998 Master Plan Chapter on Regulatory Requirements focused primarily on standards for 
effluent discharge, wastewater solids disposal and septage. Effluent disposal standards have 
been revised in small ways, to address the changes in effluent disposal designs. Typical 
infiltration bed designs provide secondary treatment to the effluent. The recommended 
approach for the Reservation is infiltration of Class A effluent, which does not require further 
treatment. As such, the regulation governing design and discharge in these types of systems is 
still being refined. 
 
The current water quality and environmental health conditions in Hood Canal, outlined in 
Section 2, bring an extremely high level of sensitivity to the protection of water quality in the 
Canal. The Endangered Species Act and the Federal Clean Water Act both include provisions 
for enforcement by litigation of “no harm” to the endangered fish in the Canal, and “non-
degradation” to water quality in the Canal.  
 
In addition to the Endangered Species Act and the Federal Clean Water Act, the State 
Legislature identified the lower Hood Canal as “Aquatic Rehabilitation Zone No. 1,” in 2005. 
And in August 2006, a Memorandum of Understanding (MOU) was adopted by the Tribe, 
Mason County and the Public Utility District, outlining responsibilities of each party to ensure 
wastewater systems are planned, constructed and managed in collaboration with the others, 
with the intent to improve water quality in Hood Canal. 
 
Important regulatory components of the Federal Clean Water Act include the development of 
TMDL’s for water quality limited surface waters, and a Nonpoint Source Assessment for 
potential pollution impacts to surface waters. A TMDL has been prepared for the Skokomish 
River. A wastewater sewer system for the area contributing to the Skokomish River (Core 
Area) is identified as one component in the Skokomish River Fecal Coliform TMDL Clean-Up 
Plan (2001). The sewer system is also identified as a component in the SIT Nonpoint Source 
Assessment and Preliminary Management Plan, which addresses the entire Reservation area 
(Potlatch Bubble and the Core Area).  
 
An Environmental Assessment (EA) concerning compliance of the Amendment with the Tribal 
National Environmental Policy Act (NEPA), is being drafted by Adolfson and Associates. This 
section may be updated once the draft EA is completed. 
 
SURFACE WATER QUALITY STANDARDS  
 
The TMDL Clean-Up Plan and the Nonpoint Source Assessment include the following 
summaries of regulatory authority for the Skokomish River and Hood Canal: 
 
Water quality within the Skokomish Indian Reservation is under the jurisdiction of the 
Skokomish Tribe, which is currently developing water quality standards that will be applicable 
within tribal lands. (10) 
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Beyond tribal lands, water quality of the freshwaters of the Skokomish River and the marine 
receiving waters of Hood Canal are under the jurisdiction of the State of Washington. These 
waters are classified as Class AA (extraordinary) in Chapter 173-201A-030, WAC: Water 
Quality Standards for the Surface Waters of the State of Washington. (10) Applicable 
paragraphs of the Code are included here: 
 
Freshwater standards apply to the Skokomish River where salinity is less than ten parts per 
thousand (WAC 173-201A-060) and marine water standards apply in the receiving waters 
where salinity is 10 parts per thousand (ppt) or higher: 
 

Freshwater - fecal coliform organism levels shall both not exceed a geometric mean 
value of 50 colonies/100 ml, and not have more than ten percent of all samples 
obtained for calculating the geometric mean value exceeding 100 colonies/100 ml. 
 
Marine water – fecal coliform organism levels shall both not exceed a geometric mean 
of 14 colonies/100 ml, and not have more than ten percent of all samples obtained for 
calculating the geometric mean value exceeding 43 colonies/100 ml.(10) 

 
EPA and the Skokomish Tribe have federal Clean Water Act authority on the Skokomish 
Reservation. It is anticipated that they will work with farmers and residents to reduce fecal 
coliform loading coming from the reservation. (10) 
 
BIOLOGICAL RESOURCE PROTECTION STANDARDS 
 
Natural resource management and protection authorities, including for Hood Canal Chum and 
shellfish, is shared between the Tribe and NOAA’s National Marine Fishery Service. Two 
federal court rulings form the basis for Tribal authority and responsibility for natural resource 
management, the Boldt Decision (1974), and recent rulings upholding treaty-reserved shellfish 
harvest rights. (11) 
 
In May, 2007 NOAA’s National Marine Fisheries Service approved the Hood Canal Chum 
ESA Salmon Recovery Plan. The needed improvements to water quality in the Canal are 
substantial in order to restore aquatic health. 
 
For evaluating the quality of water for shellfish harvest, Washington State Department of 
Health’s criteria are similar but are not bound to the 10 ppt salinity threshold since federal 
guidelines are used as part of the National Shellfish Sanitation Program. (10) 
 
EFFLUENT DISPOSAL CRITERIA 
 
Though the Tribe has not adopted its own standards or Washington Department of Ecology 
(WDOE) standards, regulatory direction concerning water quality in this region should meet or 
exceed effluent discharge requirements that are equivalent to DOE’s Class A reclaimed water 
standards.  Class A reclaimed water is of such high quality that its use is unrestricted and direct 
human exposure (but not routine consumption) is allowed. 
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The treatment criteria for treated effluent shall meet DOE Class A reclaimed water standards as 
outlined in DOE’s Water Reclamation and Reuse Standards, and summarized in Table 1.  
 

 
Table 1.  Secondary Effluent Design Criteria for Class A Reclaimed Water 
   
Parameter 
 

Monthly 
Average 

Daily Limit 
 

BOD5 (mg/L) 10  
TSS (mg/L) 10  
Turbidity (NTU) 2 5 
Total Nitrogen 
(mg/L) 

n/a 10 

 
 
From the DOE Wastewater Reclamation and Reuse Standards (1978): 
 
“Class A Reclaimed Water" means reclaimed water that, at a minimum, is at all times an 
oxidized, coagulated, filtered, disinfected wastewater. The wastewater shall be considered 
adequately disinfected if the median number of total coliform organisms in the wastewater 
after disinfection does not exceed 2.2 per 100 milliliters, as determined from the 
bacteriological results of the last 7 days for which analyses have been completed, and the 
number of total coliform organisms does not exceed 23 per 100 milliliters in any sample.  
 
Effluent disposal requirements outlined in the DOE Water Reuse Standards require infiltration 
beds be setback 500 feet from any drinking water well. Requirements also include standards 
for reliability, alarms and emergency storage provisions, back up power supplies, and 
monitoring requirements for some water quality constituents. 
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SECTION 4 
LAND USE AND POPULATION 
AMENDMENT TO CHAPTER 2 CULTURAL AND NATURAL ENVIRONMENT 
 
Since the original 1998 Master Plan was prepared, the following land use planning 
developments have occurred: 
 

1. The Tribe has conducted a population assessment and begun to develop a land use plan.  
2. The Tribe has completed planning and design for a substantial new housing 

development, t3ba’das  (pronounced “Tebadas”). The first phase of construction for the 
new housing has begun.  

3. Potlatch State Park has completed a land exchange, to allow the Tribe to construct an 
access road to the new housing. The exchange included Minerva RV Park property, 
west of Highway 101, which will allow future expansion of the Park.  

 
In recent years many Tribal members have returned to live on the Reservation, and many more 
have entered their names on a waiting list (over 70 families) for housing on the Reservation. 
The non-Indian population north of Potlatch State Park has also grown. And the Tribe operates 
the Lucky Dog Casino, and is hoping to expand it in the near future.  
 
The growth that has occurred and the planning efforts for future growth are the basis for 
updates to the population and flow estimates. The planning horizons used to develop the 
Project Definition Report included 2 phases, called Phase 1, in 5 years, and Ultimate Build 
Out, in 20 years.  
 
The original Facility Plan included a map of land ownership, divided amongst Tribal, fee status 
(alienated) and Trust (federal government) ownership. Ownership defines regulatory authority. 
A brief discussion of ownership is included in Section 3, Regulatory Requirements. For the 
purposes of this section, the updated land use mapping is sufficient. 
 
LAND USE PLANNING 
 
A draft map of land use types based on planning efforts developed by the Tribe is shown in 
Figure 4. The Tribe is in the process of defining the land use types, therefore these maps are 
subject to change; however, they are sufficient for purposes of this study. 
 
Planning assumptions for the Reservation were developed through input from a Wastewater 
Planning Committee, set up by the Tribe to support the wastewater planning process. The 
Committee worked closely with the Tribe’s consultant team to develop the growth projections 
and review the boundaries of the service areas. The Committee met five times in the winter of 
2006. The Committee initiated the idea of a phased approach for the implementation of the 
sewer systems for the Reservation. The planning assumptions were documented by the Tribe’s 
consultant team in a memo, which is included in Appendix B.  
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Potlatch Bubble  
 
The Tribal housing development (t3ba’das ) near Potlatch State Park is in its initial phase of 
construction, with occupancy planned for May 2008. The planned first phase of development 
of new homes is the basis for Phase 1 growth projections. The ultimate growth projection was 
based on full build out of the planned Tribal housing. 
  
Growth in Minerva RV Park west was based on State Parks staff comments. Minerva RV Park 
east is completely built out and cannot grow in the future.  
 
Commercial growth was estimated by the Tribal wastewater planning committee to include 
two new commercial businesses south of the PUD, with some additional projections for growth 
to the north, based on acreage. Growth in the service area north of the Public Utility District 
(PUD), called the community of Potlatch in the Mason County Comprehensive Plan (updated 
2005), was estimated to occur at a rate of 1.5% per year. The area is identified as a hamlet, and 
as such it is targeted for increased density in the future. The area is included in service area E.  
 
Core Area 
 
The Core Area planning assumptions included:  
 

1. Land near Highway 101 is above the floodplain, and available for development. Land 
on Reservation Road and SR 106 will not be further developed. 

2. Residential growth along Highway 101 will occur at a rate of 2% per year.  
3. Commercial growth along Highway 101 will occur in a narrowly defined corridor on 

Highway 101, approximated on a per acre basis in the general area shown on the land 
use planning map.  

4. The Tribal Center will be relocated along Highway 101, during Phase 1. 
5. A new Boys and Girls Club will be constructed near the elementary school, during 

Phase 1. 
6. The Lucky Dog Casino was projected to grow 400% over a period of 5 years, during 

Phase 1.   
 
POPULATION  
 
Population estimates from the 1998 Master Plan are included in Appendix C. For this Plan 
Amendment, updated estimates for current and future population are based upon a population 
assessment, performed by the Tribe, and on direction for planned growth on the Reservation 
from the Tribe’s wastewater planning committee.  
 
Potlatch Bubble 
 
Population projections for the Phase 1 (2014) and Ultimate Build Out (2029) planning 
timelines are shown in Tables 2 and 3. 
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Population projections for the new housing are based on 4.16 people per household, as was 
used for all  Core Area households. In general, 2.5 people were assumed to live in each mobile 
home or RV in Minerva RV Park and serviced in Potlatch State Park. All homes north of 
Minerva RV Park were assumed to have 2.5 people per household. 
 
Parks staff estimated approximately 21 RVs and mobile homes currently occupy Minerva RV 
Park on the west side of Highway 101.  Counts from aerial photos estimated 20 RVs and 
mobile homes are established in Minerva RV Park on the east side of the highway.  The RV 
Park also includes an office and laundromat on the west side.  The west side of the RV Park 
was acquired by Washington State Parks, and will be re-developed into an RV camping area. 
Park staff estimated the capacity of the re-developed area would be 66 RVs.  
 
Future commercial development was based on an estimated acreage available in each service 
area, with 1.3 businesses per acre, and 25 visitors per business. These estimates may be high, 
but they provide a conservative basis for planning purposes. 
 
 

 
Table 2. Projected Population for Potlatch Area - Phase 1  (2014) 

 
Description Population  

Service Area A. Tribal Housing 
Single Family Home  208 

Total 208 
Service Area B. Potlatch State Park 
Residence/Park Office and Shop 2 

Total 2 
Service Area C. Minerva RV Park 
Permanent Residences (east) 50 

Total 50 
Service Area D. Potlatch Bubble Service Area Creep 
Residential (Tillicum Beach Subdivision) 48 

Total 48 
Service Area E. North Reservation Boundary Service Area 
Residential up to Powerhouse 8 

Total 8 
Grand Total 316 
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Table 3. Population for Potlatch Area – Ultimate  (2029) 
 

Description Population  
Service Area A. Tribal Housing 
Single Family Home  562 

Total 562 
Service Area B. Potlatch State Park 
Residence/Park Office and Shop 2 

Total 2 
Service Area C. Minerva RV Park 
Permanent Residences (east) 50 

Total 50 
Service Area D. Potlatch Bubble Service Creep Area   

Residential  138 
Total 138 

Service Area E. North Reservation Boundary Area   
Residential 145 

Total 145 
Grand Total 897 
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Core Area  
 
The population growth projections for the Core area are shown in Tables 4 and 5.  
 

 
Table 4. Population for Core Area - Phase 1  (2014) 

 
Description Population  

Service Area G. Hwy 101 Commercial Area, N. of Hwy 106 to WSDOT Property (Including 
WSDOT) 
Residential  29 

Total  29 
Service Area J. Reservation Rd & Hwy 106 Mixed Use 
Residential   449 

Total  449 
Grand Total  478 

 
 

 
Table 5. Population for Core Area - Ultimate  (2029) 

 
Description Population  

Service Area F. Hwy 101 Residential Area, N. of WSDOT Property 
Residential  92 

Total 92 
Service Area G. Hwy 101 Commercial Area, N. of Hwy 106 to WSDOT Property (Including 
WSDOT) 
Residential                        197 

Total 197 
Service Area J. Reservation Rd & Hwy 106 Mixed Use 
Residential                        566 

Total 566 
Grand Total 855 

 



E D C B

A

F G

J

H

US 101

SR 106

SU
N

N
YSID

E R
O

AD

US 101

CORE
RESERVATION 
SERVICE AREA

POTLATCH BUBBLE
SERVICE AREA

0 1,250 2,500
Feet¹

Legend
Service Area Parcel Boundaries

Draft Land Use Types
Non-Tribal Agricultural

Non-Tribal Agriculture/Residential

Non-Tribal Commercial

Non-Tribal Commercial Timberlands

Non-Tribal Commercial/Residential

Non-Tribal PUD

Non-Tribal Residential

Non-Tribal School

Non-Tribal Transportation

Non-Tribal Unknown

State Park

Tribal Agricultural

Tribal Agriculture/Residential

Tribal Commercial

Tribal Commercial Timberlands

Tribal Commercial/Residential

Tribal Cultural

Tribal Government

Tribal Residential

Tribal Unknown

FIGURE 4

Land Use
Potlatch Bubble
& Core Area

NOTE:

1. Locations are approximate
and must be verified



   

06-33  Section 5-1  WW Plan Amendment 
July 2007 Wastewater Flows and Loads  Skokomish Indian Tribe 
 

SECTION 5 
WASTEWATER FLOWS AND LOADS 
AMENDMENT TO CHAPTER 3 FLOW AND LOAD PROJECTIONS 
 
 
System design flows are documented in this section.  In general, residential use was estimated at 
100 gallons per capita per day, and RV residential use was estimated at 80 gallons per capita per 
day. Equivalent residential units (ERU’s) were developed for utility billing purposes based on an 
average residential use of 416 gallons per day (4.16 people at 100 gallons per day). However, 
ERU’s for the Casino were calculated based on BOD loading. Loading assumptions are 
summarized below. 
 
Future commercial flows were estimated based on estimated acreage available, to ensure the 
plant would have capacity. However the number of services was not estimated because future 
commercial development is unknown. Future ERU's may also be less than estimated. The 
assumed growth of 150 ERU’s at the Casino could substantially affect the utility rate structure, if 
it does not occur. 
 
POTLATCH BUBBLE SERVICE AREA 
 
 

                       Table 6. Wastewater Flows for Potlatch Area - Phase 1 (2014) 
  

Description Number of 
Services Population Usage per 

Capita 
Avg Flow 

(gpd) ERU's Peak Flow  
(gpd) 

Service Area A. Tribal Housing 
Single Family Home  50 208 100 20800 50 41600 
Community Center 1 10 visitors 15 150 1 300 

Total 51 -   20950 51 41900 
Service Area B. Potlatch State Park       
Picnic - 100 5 500 1 1000 
Campground 
w/Central Comfort 
Station 

- 48 35 1663 4 3325 

RV Servicing 1 45 50 2250 5 4500 
RV Hookups  - 45 80 3600 9 7200 
Residence/Park 
Office and Shop - 2 90 180 0 360 

Total 1 -   8193 19 16385 
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Table 6.  Wastewater Flows for Potlatch Area - Phase 1 (2014), continued 
 

Description Number of 
Services Population Usage per 

Capita 
Avg Flow 

(gpd) ERU's Peak Flow  
(gpd) 

Service Area C. Minerva RV Park (west) 
Laundromat 1 - 50 g/load 1100 3 2200 
Campground 
w/Central Comfort 
Station 

- 35 35 1225 3 2450 

RV Hookups, 
Westside  - 165 80 13200 32 26400 

Residence/Park 
Office and Shop - 2 90 180 0 360 

Total 1    15705 38 31410 
Service Area C. Minerva RV Park (east) 
Permanent 
Residences (east) 1 50 80 4000 10 8000 

Total 1    4000 10 8000 
Service Area D. Potlatch Bubble Service Area Creep 
Residential  19 48 100 4750 11 9500 

Total 19   4750 11 9500 
Service Area E. North Reservation Boundary Area 
Residential 3 8 100 750 2 1500 
Waterfront Motel       
 Motel Rooms 8 16 80 1280 3 2560 
 Cabins 4 10 50 800 2 1600 
 RV Spaces 14 35 80 2800 7 5600 
Staff  5 15 75 0 150 

Total 6 -   5705 14 11260 
Grand Total 79 -   54428 142 89695 
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Table 7. Wastewater Flow for Potlatch Area – Ultimate  (2029) 
 

Description Number of 
Services Population Usage per 

Capita 
Avg Flow 

(gpd) ERU's Peak Flow   
(gpd) 

Service Area A. Tribal Housing 
Single Family Home  135 562 100 56160 135 112320 
Community Center 1 45 visitors 15 675 2 1350 

Total 136 -   56835 137 113670 
Service Area B. Potlatch State Park       
Picnic - 100 5 500 1 1000 
Campground 
w/Central Comfort 
Station 

- 48 35 1663 4 3325 

RV Servicing 1 45 50 2250 5 4500 
RV Hookups  - 45 80 3600 9 7200 
Residence/Park 
Office and Shop - 2 90 180 0 360 

Total 1 -   8193 19 16385 
Service Area C. Minerva RV Park (west)         
Laundromat 1 - 50 g/load 1100 3 2200 
Campground 
w/Central Comfort 
Station 

- 35 35 1225 3 2450 

RV Hookups, 
Westside  - 165 80 13200 32 26400 

Residence/Park 
Office and Shop - 2 90 180 0 360 

Total 1 -   15705 38 31410 
Service Area C. Minerva RV Park  
Permanent 
Residences (east) 1 50 80 4000 10 8000 

Total 1 -   4000 10 8000 
Service Area D. Potlatch Bubble Service Creep Area  

Future Commercial  2 25 staff      
& visitors 15 gpdpc 750 2 1500 

Residential  55 - 138 13750 33 27500 
Total 57 -   14500 35 29000 
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Table 7. Wastewater Flow for Potlatch Area – Ultimate  (2029), continued 

Description 
Number 

of 
Services 

Population Usage per 
Capita 

Avg Flow 
(gpd) ERU's Peak Flow   

(gpd) 

Service Area E. North Reservation Boundary Area 
Residential 58 145 100 14500 35 29000 
Waterfront Motel       
 Motel Rooms 8 16 80 1280 3 2560 
 Cabins 4 10 50 800 2 1600 
 RV Spaces 14 35 80 2800 7 5600 
Staff  5 15 75 0 150 
PUD #1 1 5 staff  35 gpdpc 175 0 350 
Women's Clubs 1 25 staff      

& visitors 
15 gpdpc 375 1 750 

Potlatch Power Plant 1 5 staff       35 gpdpc 175 0 350 
Commercial 6 acres - 525 

gpd/acre 
3150 8 6300 

Total 64 -   23630 63 47260 
Grand Total 260 -   122863 300 245725 

 
Note: Future commercial flows for Service Area E were estimated based on estimated acreage available, 
to ensure the plant would have capacity. However the number of services was not estimated because 
future commercial development is unknown. Future ERU's may also be less than estimated. 
 
CORE SERVICE AREA 
 

Table 8. Wastewater Flow for Core Area - Phase 1  (2014) 
 

Description 
Number 

of 
Services  

Population Usage per 
Capita 

Avg Flow 
(gpd) ERU's Peak Flow   

(gpd) 

Service Area G. Hwy 101 Commercial Area, N. of Hwy 106 to WSDOT Property (including WSDOT) 
Tribal Center, including 
Public & Social 
Services                           
(future) 

1 200 staff     
& visitors 15 gpdpc 3000 7 6000 

Twin Totems/ Lucky 
Dog 1 800 slots 45 gpd/slot 36000 206 72000 

Residential  7 29 100 2912 7 5824 
Total  9 -   41912 220 83824 



   

06-33  Section 5-5  WW Plan Amendment 
July 2007 Wastewater Flows and Loads  Skokomish Indian Tribe 
 

 
 

Table 8. Wastewater Flow for Core Area - Phase 1  (2014), continued 
 

Description Number of 
Services Population Usage per 

Capita 
Avg Flow 

(gpd) ERU's Peak Flow   
(gpd) 

Service Area J. Reservation Rd & Hwy 106 Mixed Use 

Hood Canal School 1 300 
students    15 gpdpc 4500 11 9000 

Boys & Girls Club and 
Community Center 1 50 children 15 gpdpc 750 2 1500 

Tribal Center, including 
Health Center 4 120 staff     

& visitors    15 gpdpc 1800 4 3600 

Fire and Natural 
Resources 2 20 staff      

& visitors 15 gpdpc 300 1 600 

Residential   108 449 100 44928 107 89856 
Total  118 -   52278 125 104556 
Grand Total  127 -   94190 345 188380 

 
 
Note: ERU's for Casino evaluated based on 0.60 mg/l loading rates. An ERU based on loading was 
estimated based on 0.2 pounds/day BOD per capita.   

 
 
 

Table 9. Wastewater Flow for Core Area - Ultimate  (2029) 
 

Description Number of 
Services  Population Usage per 

Capita 
Avg Flow 

(gpd) ERU's Peak Flow   
(gpd) 

Service Area F. Hwy 101 Residential Area, N. of WSDOT property 
Residential  22 92 100 9152 22 18304 

Total 22    9152 22 18304 
Service Area G. Hwy 101 Commercial Area, N. of Hwy 106 to WSDOT property (including WSDOT) 
Tribal Center, including 
Public & Social 
Services                           
(future) 

1 200 staff     
& visitors 15 gpdpc 3000 7 6000 

Twin Totems/ Lucky 
Dog 1 800 slots 45 gpd/slot 36000 206 72000 

Future Commercial         30 acres 30 acres 525 
gpd/acre 15750 38 31500 

Residential                       47 197 100 19702 47 39404 
Total 49 -   74452 298 148904 

Service Area H. Junction: Hwys 101 & 106 

Future Commercial         6 acres - 525 
gpd/acre 3150 8 6300 

Total   -   3150 8 6300 
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Table 9. Wastewater Flow for Core Area - Ultimate (2029), continued 
 

Description Number of 
Services  Population Usage per 

Capita 
Avg Flow 

(gpd) ERU's Peak Flow   
(gpd) 

Service Area J. Reservation Rd & Hwy 106 Mixed Use 

Hood Canal School 1 450 
students 15 gpdpc 6750 16 13500 

Boys & Girls Club and 
Community Center 1 50 children 

& visitors 15 gpdpc 750 2 1500 

Tribal Center, including 
Health Center 4 5 staff & 

visitors 15 gpdpc 75 0 150 

Fire and Natural 
Resources 2 20 staff      

& visitors 15 gpdpc 300 1 600 

Residential                       136 566 100 56576 136 113152 
Total 144  -   64451 155 128902 

Grand Total 215 -   151205 483 302410 
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SECTION 6 
EXISTING SYSTEM EVALUATION 
AMENDMENT TO CHAPTER 9 – ON-SITE TREATMENT ALTERNATIVES 
 
The Master Plan evaluation focused primarily on existing septic systems in the Reservation’s 
Core Area. This Amendment focuses primarily on existing systems in the Potlatch Bubble 
area. Little is known about the existing systems north of Minerva Beach RV Park. 
 
POTLATCH BUBBLE SERVICE AREA 
 
The existing system in Phase 1 of the Potlatch Bubble service area includes:  
 

• Two community septic systems for Minerva RV Park, one for each side of the 
highway; 

 
• A network of septic tanks which are combined and pumped to a single drainfield for 

Potlatch State Park; 
 

• And a new community septic system for the new Tribal housing project, which may not 
be built, if facilities associated with the new central treatment plant become available. 

 
The systems are described in the following subsections. Modifications to the systems are 
described in Section 7, Collection System Evaluation. 
 
Tribal Housing (Service Area A) 
 
The new housing development will be serviced by a wastewater collection system, which 
conveys wastewater to a centralized septic system and drain field in the northeast corner of 
service area A. The lift station for the Tribal Housing system is being  designed by the Indian 
Health Service. A general site plan for the system is included in Figure 5.  
 
Potlatch State Park (Service Area B) 
 
The wastewater system for the Park was assessed by Cascade Design Professionals, Inc. in 
2006. The full report of the assessment is included in Appendix D. The system site plan is 
shown in Figure 6.  
 
In summary, the system includes three septic tanks east of Highway 101, one near the Ranger’s 
Station, one near the shop building and one near the day use restrooms. In addition, three septic 
tanks are located on the west side of the highway, one at the RV dump tank, a second tank 
connected to the main pump station, which receives pumped effluent from east of the highway, 
and one tank near the restrooms, on the north end of the campgrounds.  
 
 



   

Wastewater for each of the facilities in the Park is conveyed to a main pump station, located in 
the entrance to the Park on the west side of the highway. Wastewater from the pump station is 
lifted to a drainfield, located in the forested hills 0.4 miles to the west. The elevation of the 
pump station is approximately 22 ft NAVD 88, and of the drain field, 230 ft NAVD 88.  
 
Minerva RV Park – East (Service Area C)   
 
The land in this area is owned by the Minerva Beach Homeowners Association. The area will 
not be further developed in the future. State Parks staff estimated 32 RVs are currently located 
in the park. All of the RV’s are connected to a single septic tank, in the southeast corner of the 
property. Design drawings for the Minerva RV Park – East septic system were not available for 
this report. 
 
Minerva RV Park – West (Service Area C)   
 
The wastewater system for the west side of Minerva RV Park was assessed by Cascade Design 
Professionals, Inc. in 2006. The full report of the assessment is included in Appendix E. The 
layout of the existing wastewater collection system is shown in Figure 6, in addition to the 
Potlatch State Park collection system. 
 
The septic tank which serves the laundromat and offices of the Minerva RV Park – West is 
located behind the laundromat. The tank is pumped to a drainfield, approximately 200 feet 
west. The pump wet well has a capacity of 1500 gallons, and is in fair condition.  There is one 
single phase, 230V, 1.0 hp submersible pump, with no guide rails.  The remainder of the park 
is served by a gravity collection system which conveys flow to the septic tanks located at the 
drainfield. 
 
The drainfield is 85 feet wide by 175 feet long, and is serviced by two large septic tanks, with a 
combined capacity of approximately 1150 gallons.  Both tanks appeared to be in good 
condition, with small amounts of corrosion.   Cracks or leaks were not evident.  A test pit near 
the drainfield indicated that western parts of the drainfield are not operating properly, due 
either to plugging, or broken or improperly graded pipes. 
 
Potlatch Bubble Service Area Creep (Service Area D)   
 
The existing system for the service area creep is assumed to be individual septic systems. 
Further investigation is needed for preliminary design. The area was added to the Phase 1 
service area after analysis of wastewater flows indicated additional flows were needed to dilute 
the RV waste from Potlatch State Park. 
 
CORE SERVICE AREA 
 
The existing wastewater system for the Core Area of the Reservation is individual on-site 
septic systems. The original Master Facility Plan included a complete assessment of the 
system. The system has not been evaluated any further since the original Plan was drafted. The 
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assessment characterized 36% of the system as potentially being in failure or at risk of failure. 
The assessment included a map of known septic failures, which is duplicated in Appendix A.   
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SECTION 7 
COLLECTION SYSTEM ANALYSIS  
AMENDMENT TO CHAPTER 6 COLLECTION SYSTEM ALTERNATIVES 
 
COLLECTION SYSTEM ALTERNATIVES 
 
The 1998 Master Plan evaluated several collection system alternatives for the Skokomish 
Reservation, including: a conventional gravity system; a small diameter gravity system; a 
pressure system; and a vacuum system. The recommended system was a pressure system with 
grinder pumps, which eliminates the need for septic tanks, entirely, thus eliminating inflow and 
infiltration (I/I). A second option was identified, a septic tank effluent pumping (STEP) system, 
since Tribal staff were familiar with the operation and maintenance of STEP pumps. However, 
the risk of I/I is not eliminated with a STEP system.  
 
The collection system layout is outlined in this section, along with a discussion of suspected 
septic system failures, and the existing water systems. The wastewater collection system layout 
was developed based on treatment plant siting alternatives presented in Section 8, and planning 
for a phased implementation of wastewater services, which is presented in this section and in 
Section 4. A preliminary design model of the collection systems was prepared by E-One, and is 
included in Appendix H. 
 
POTLATCH BUBBLE  
 
The Potlatch Bubble service areas include Tribal residential lands, Potlatch State Park, and non-
Tribal mixed commercial and residential lands, including Minerva RV Park. The Reservation 
boundary is approximately 1500 feet west of Highway 101, several hundred feet up a forested 
slope, for much of the Potlatch Bubble service area. Hood Canal forms the eastern boundary, 
approximately 600 feet east of Highway 101. New Tribal housing (T3ba’das Project) is planned 
for the area, at the top of the hills, west of Potlatch State Park, which will extend the service area 
approximately 1.0 mile to the west.  
 
The sewer collection system for the Potlatch Bubble area will maximize the use of existing 
centralized collection systems, including Potlatch State Park; Minerva RV Park (east and west); 
and the planned Tribal Housing. Modifications to the existing systems will be coordinated to 
allow continued operation while the new system is in construction. Construction phasing and the 
sewer collection system layout are outlined in the following subsections. The collection system 
for the Potlatch Bubble is shown in Figures 7 and 8. 
 
Tribal Housing (Service Area A)   
 
Currently, the housing development is planned to have a typical community septic tank/drain- 
field system, where wastewater is collected by gravity to a common point and pumped to the 
septic tank drainfield system.  The system modification for this service area includes upgrading 
the lift station to the septic system, to provide the necessary lift to convey the wastewater to the 
new treatment plant (approximately 25 ft). Modifications also include construction of 
approximately 1000 ft of low pressure sewer under the Parkway and under the wastewater 
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treatment plant access road.  This piping is in addition to the pipe already planned for the septic 
tank/drainfield system. 
 
If the construction schedule for the housing system coincides with construction of the new 
treatment plant, it may be possible to save costs on construction of the septic system and 
drainfield for this service area, and to upgrade the lift station more cost effectively. 
 
Potlatch State Park (Service Area B)   
 
The existing septic tanks (3) will be replaced with grinder pumps, and necessary improvements 
to the conveyance system will be developed by Washington State Parks. Costs for these 
improvements are not included in the project costs. Park system improvements are assumed to 
coincide with start-up of the new treatment plant. 
 
The preliminary assessment of the pump station indicated there would be sufficient volume in 
the wet well to accommodate the proposed connection of the Minerva Beach RV Park systems, 
as proposed in Phase 1 of the system development. The pumps will be upgraded to accommodate 
the increased flows and solids associated with the project. Because the system changes include 
pumping solids, the preliminary review of pumps indicates a second pump station will be 
required to boost the wastewater to the new treatment plant site, near elevation 260 NAVD 88, 
30 feet above the existing drainfields. Cost estimates include two generators, one for each lift 
station, in case of a power outage.  Significant cost savings could be achieved if a treatment plant 
site could be found at a lower level elevation.   
 
Minerva RV Park – East  (Service Area C)   
 
The modification to the existing system will be to replace the septic tank with an E-One model 
2016 grinder pump, and construction of approximately 1600 feet of low pressure sewer to the 
Potlatch State Park main pump station.  
 
The preliminary layout of the sewer is along Highway 101, which is the only north-south 
corridor between the RV Park and the State Park. Washington State Parks will be redeveloping 
the area on the west side of the highway, opposite the RV Park, possibly allowing an alternate, 
less expensive route for the new sewer. 
 
Minerva RV Park – West  (Service Area C)   
 
The land in this area was recently acquired by Potlatch State Park. Redevelopment plans for the 
area are not complete. Washington State Parks staff projected the site to include 66 RV sites in 
the future.  
 
Modifications to the system will include installation of grinder pumps and conveyance to the 
main pump station in Potlatch State Park. These modifications will be developed by Washington 
State Parks, and are not included in project costs. 
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Potlatch Bubble: Service Area Creep (Service Area D)   
 
The “creep” service area includes the area north of Minerva RV Park to North Tillicum Beach 
Lane. Approximately 22 homes would be serviced by the new sewer on the east side of the 
highway. The approximate sewer length is 1500 feet within the residential area.  
 
The initial sewer layout included a sewer main along the Highway 101 corridor, 1550 ft from 
North Tillicum Beach Lane to the main pump station in Potlatch State Park. However, 
subsequent review of aerial photos indicate it may be possible to connect Service Area D to the 
Minerva RV Park sewer main, reducing the length of the collection system by 1000 ft, and 
eliminating the cost of construction along Highway 101. The new collection system layout will 
require a cross country easement from Minerva RV Park east extending to the roadway to the 
north (see Figure 8). 
 
During the development of the Project Definition Report, Service Area D was identified as a 
Phase 2 (Ultimate Build Out) sewer area, to reduce initial capital costs. However, preliminary 
design for the Potlatch Bubble treatment plant indicated the need for a total of 50 homes to be 
connected at start-up, in order to provide a more consistent wastewater flow to the new treatment 
plant, evening fluctuating flows and loads from the  State Park. Service Area D is the only area 
which can provide the additional services needed assuming 20 tribal homes at the T3ba’das 
development and 20 homes at Minerva East.   
 
There are five remote homes to the west of the highway.  Sewering these homes would require a 
highway crossing, approximately 2000 ft of sewer with nearly 1000 ft being along Highway 101. 
The Project Definition Report process did not identify this area as being too costly to service, a 
closer review appears to indicate it may be.  
 
Potlatch Bubble: Service Area to North Reservation Boundary (Service Area E)   
 
Service Area E includes the Mason County Public Utility District #1 (PUD) and approximately 
26 homes, distributed over a large service area. The initial sewer layout extends 0.6 miles along 
Highway 101. Individual services are 100 – 400 ft from the highway. Multiple highway 
crossings will be required to service this area.   
 
The Skokomish Tribe is in the process of procuring a motel/RV resort located on the northeast 
side of the Cushman Lake powerhouse (just north of the tailrace).   To serve this area, about 
2,500 feet of 6-inch diameter pressure sewer would be extended from the Tillicum Beach 
subdivision, west to Highway 101, and then north along the east side of the highway.  A lane 
closure may be required to accomplish this construction. There are 6 homes along this alignment 
and it is assumed that half will be connected in addition to the motel/resort.  As discussed in the 
Project Definition Report the remainder of this area would be serviced in a Phase 2 (Ultimate 
Build Out) phase of the project. 
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CORE AREA  
 
The Core Area is a low lying area, near Highway 101, SR 106 and the Skokomish River. Cost 
estimates for sewer construction in the low lying sections of this area include dewatering costs. 
Special E-One ventilation units for use in floodplain areas are also included, for residences in the 
floodplain. The collection system for the Core Area is shown in Figures 9 – 11. 
 
Highway 101 Corridor: Treatment Plant to Reservation Road  (Service Area G)   
 
The Core Area Wastewater Treatment Plant is planned for construction on the north end of 
Service Area G.  Highway elevations range from 20 to 40 ft NAVD 88 in this area, rising from 
around 20 feet near the intersection with Reservation Road to a high near the Plant. The force 
main conveying wastewater to the Plant from the south will be located on the east side of 
Highway 101. The highway is the only roadway available to provide access and a corridor for 
collection system piping to the Plant. The topography limits the staging area available for 
construction near the highway, rising steeply to the west in some areas, and dropping steeply to 
the floodplain to the east. Cost estimates assumed a lane closure would be required on Highway 
101 to construct this segment of the sewer main. 
 
Approximately 1100 ft of 8 inch diameter low pressure sewer main is needed to connect the 
sewer main on Reservation Road to the plant. Six services will be connected to this sewer main, 
on the east side of the highway. The services include small business and residential services. 
Future development on the east side of the highway can be serviced by this sewer main. And one 
private well exists east of the highway in this area.  
 
During the development of the Project Definition Report, it was determined that the services on 
the west side of the highway in Service Area G should be sewered in Phase 2 of the project. The 
basis of the determination was the low density of the services. Twelve services would require 
2300 ft of sewer along the highway, resulting in a high cost per ERU.  
 
Highway 101 Corridor: Reservation Road to SR 106  (Service Area G)   
 
Highway elevations in this area rise from 20 ft NAVD 88 near the intersection with Reservation 
Road to around 40 ft at the southern end of the service area, near the intersection with SR 106. 
The higher elevation area is characterized by Tribal commercial lands on Highway 101, between 
SR 106 and Reservation Road. Service in this area is a high priority, because the existing septic 
tank/drainfield system for the Lucky Dog Casino is nearing capacity, and because of the 
proximity of nearby wells (four). Four services would be connected to the Plant, along with the 
Casino, by the sewer main in this area. Future commercial development on the east side of 
Highway 101 could also be serviced. 
 
The higher elevation of the highway, sloping downhill toward Reservation Road, and the 
distance above the floodplain (~ 18 ft NAVD 88) and high groundwater, may allow construction 
of a gravity sewer for this area, with a pump station to connect to the low pressure sewer main at 
Reservation Road. If this approach were used, areas to the south of the intersection with SR 106 
would need to be served by an extension from Reservation Road. Cost savings would include the 
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cost of 4 grinder pump services, approximately $20,000. Additional expense would be incurred 
due to the higher costs for constructing 1700 feet of gravity sewer. The preferred layout for 
preliminary design was the low pressure sewer due to the fact that  little or no cost savings were 
possible through use of a gravity sewer system.  In addition, combining a gravity/pressure system 
would complicate maintenance . The pressure sewer system has an improved flexibility in 
construction with no I / I risk.   
  
Note:  Gravity sewer construction will be higher than pressure sewer construction because 
deeper excavations are required and will likely require groundwater dewatering, all of which 
increase construction cost on a unit cost basis. 
 
SR 106 Corridor: Highway 101 to Service Area Limits  (Service Area G, H & J)   
 
The higher elevation area on SR 106 was included in Service Area G, in the initial layout of the 
sewer main. The land on SR 106 near Highway 101 is characterized as Tribal cultural land, and 
includes the Hood Canal School and a future Boys and Girls Club. The initial sewer layout in 
this area included extending the force main 550 feet south along Highway 101 and 650 feet 
southeast on SR 106 to service the School, the Club and three future commercial services in 
Service Area H. In subsequent reviews of the sewer layout it was recognized that an alternate 
route for the sewer might extend from Reservation Road, through the Hood Canal School 
property. The alternate route might reduce costs associated with construction of the sewer main 
along Highway 101 and SR 106. Sewer lengths for each route are approximately the same. The 
original layout was the basis for the preliminary sewer design, developed by E-One, and is 
included in the capital cost estimates. Review of the alternate route should include review of 
impacts to future development on Highway 101 and construction cost savings with further 
direction from the Tribe. 
 
Elevations drop away to 20 ft NAVD 88 about a mile southeast of the school on SR 106. A total 
of 14 residences could be serviced along this length of SR 106. The homes are located in two 
clusters, which can be serviced by sewer extensions from Reservation Road and Tribal Center 
Road, to minimize the length of sewer needed. A total of 0.7 miles of sewer are needed to service 
these 14 homes. The estimated capital costs are $363,000, or a cost per ERU of $26,000. During 
the development of the Project Definition Report it was determined that this area should be 
serviced during the second phase of the project, to reduce initial project costs.  
 
The area near Tribal Center Road has two wells in close proximity to the existing septic systems, 
five of which were identified as suspected failures in the 1998 Master Plan. 
  
Highway 101 Corridor:  Sunnyside Road & Skokomish River Road  (Service Area K) 
 
Elevations on Highway 101 drop away to 20 ft NAVD 88 about 1.3 miles southwest of the 
intersection with SR 106. A total of 10 residences could be serviced in this area of Highway 101. 
To do so would require 2.3 miles of sewer, 1.3 miles of which would be on Highway 101. The 
estimated capital cost to service this area is $1.5 million, or $150,000 per ERU. During the 
development of the Project Definition Report service to this area with a centralized treatment 
plant was determined to be infeasible.  
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Seven septic systems with suspected problems were identified in this area, in the 1998 Master 
Plan. Three private wells are located in this area, two of them near problem septic tanks. 
 
Reservation Road:  Highway 101 to Tribal Council Road  (Service Area J) 
 
The largest residential area on the Reservation is located along Reservation Road. Six small cul-
de-sacs and one larger “subdivision” are distributed along the length of Reservation Road (0.9 
miles). In addition, approximately 34 homes are located along Reservation Road, which will be 
serviced by this segment of the sewer main. The sewer layout extends the entire length of 
Reservation Road, allowing an extension southeast toward the existing Tribal Center on Tribal 
Center Road.  
 
The topography to the west of Reservation Road lies above the floodplain, at elevation 26-34 feet 
NAVD 88. The elevations to the east are lower, where the land slopes toward the floodplain. 
Development in this area will be limited, because limited land is available above the floodplain. 
 
Salish Court “Subdivision”  (Service Area J) 
 
A small subdivision-like development on Salish Road is located on the west side of Reservation 
Road, approximately 0.3 miles southeast of the intersection with Highway 101. The area lies 
above the floodplain, and includes a total of 35 residences to be serviced by 2600 ft of sewer. No 
further development will occur in this area.  
 
Six septic systems with suspected problems were identified in this area, in the 1998 Master Plan. 
One private well is located in this area, near problem septic tanks. 
 
Skokomish Indian Flats   (Service Area J) 
 
The road extending into Skokomish Indian Flats is on the east side of Reservation Road, 
approximately 0.6 miles from the intersection with Highway 101. The most remote home on 
Skokomish Indian Flats Road is approximately 1800 ft from Reservation Road. A total of seven 
homes are located on Skokomish Flats Road. Because of the low density of services, the Project 
Definition Report determined Skokomish Indian Flats should be serviced in Phase 2 of the 
project, to reduce initial capital costs.  
 
Five septic systems with suspected problems were identified in this area, in the 1998 Master 
Plan. Four private wells are located in this area, near problem septic tanks. 
 
Cul-de-Sacs along Reservation Road  (Service Area J) 
 
Three small cul-de-sacs are located on Reservation Road: Twana Court to the west, and Tseelsub 
Court and Cedar Lane to the east. Approximately 22 residences will be served by 1500 feet of 
sewer main on these three cul-de-sacs. 
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Ten septic systems with suspected problems were identified near these cul-de-sacs, in the 1998 
Master Plan. Three public wells, and three private wells are located near these cul-de-sacs, near 
problem septic tanks. 
 
Tribal Council Road:  Reservation Road to SR 106  (Service Area J) 
 
The existing Tribal Center is located over 0.5 miles southeast of the intersection of Reservation 
Road with Tribal Center Road. Twenty residences are distributed along Tribal Center Road, 
making the extension of service in this area relatively expensive. However, the waste loads and 
high public use of the Tribal Center led the Project Definition Report process to determine that 
the area should be serviced in Phase 1 of the project. 
 
Eleven septic systems with suspected problems were identified in this area, in the 1998 Master 
Plan. Five private wells are located in this area, near problem septic tanks. 
 
Minerva Terrace & North Valley Drive  (Service Area F) 
 
Two “subdivisions” are located north of the plant location, on Highway 101. The subdivisions 
are west of the highway, extending upslope over 20 feet above the highway. These 
“subdivisions” can be serviced by gravity sewer, to the intersection of North Valley Drive and 
Highway 101. Conveyance from that point would be low pressure sewer 1600 feet south to the 
Plant. Locating the sewer on the west side of the highway would save the cost of two highway 
crossings (~$50,000). However, locating the sewer on the east side of the highway would 
provide service to five additional homes. The Project Definition Report process identified this 
service area as a Phase 2 extension of service, to reduce initial capital costs. A total of 42 homes 
will be serviced in these “subdivisions”, along with seven additional homes on the west side of 
Highway 101. 



! U

! U

TI
LL

ICUM     BEACH

H
U

R
LE

Y 
H

IL
L 

R
D

POTLATCH RD

US 101

POWERHOUSE RD

H
O

O
D

C
A

ST
LE

 D
R

TCH

E D

2

38 36

34

32 28

26

0

8

610

20

4

24

18

16

14

30

12

22

6

30

22

0

0

8

0

24

12

20

0

24

16

12

0

10

18

24
14

0

14

22

Location Key

0 250 500
Feet¹

Legend

!U Private Well

U Public Well

Existing Watermain

Proposed Sewer

Service Areas

22 Ft Elevation

2 Ft Contours

FEMA 100 Year Floodplain

Water Body

Swamp/Marsh

Phase 1 Service Area

Ultimate Service Area

FIGURE 7

Wastewater
Collection System
Potlatch Bubble-
North

NOTE:

1. Locations are approximate
and must be verified



! U

US 101

TI
LL

IC
UM

BEAC
H

H
U

R
LE

Y 
H

IL
L 

R
D

H
O

O
D

C
A

ST
LE

 D
R

D BE C

A

16 10

28

26

2
4

6

0

14

20

36 38

34

8

30

22

18

32

12

24
24

12

8

6

24

20

14

6

0

8

6

22 20

22

6

36

36

34

34

30

0

8

20

3822

0

22

12

Location Key

0 200 400
Feet¹

Legend

!U Private Well

U Public Well

Infiltration Basins

Wastewater Reclamation Plant

Existing Watermain

Proposed Sewer

Service Areas

22 Ft Elevation

2 Ft Contours

Parcels

Water Body

Swamp/Marsh

FEMA 100 Year Floodplain

Phase 1 Service Area

Ultimate Service Area

FIGURE 8

Wastewater
Collection System
Potlatch Bubble-
South

NOTE:

1. Locations are approximate
and must be verified



! U
! U

! U

! U

! U

! U

! U

! U

! U

US 101

RESERVATION RD

ENATIA CT

M
IN

ER
VA

 T
ER

R
A

C
E 

R
D

VALLEY DR

6

20

10

32
36

16

12

8

34

26

38

28

22

14

24

18

30

14

14

32

14

12

12

16

18 22

16

22

18

14

12

30

20

36

12

16

18

16

18

18

18

18

14

18
24

24
16

14

14

18

12

12

20
18

14

18

18 22

16

18

26

16

18

12 16

10

14

20

16

14

16

12

10

26

14

18

16

14

26

18

12

12

14

16

14

12

16

12

18

1 2

16

16

16

14

18

32

14

18

16

14

14
16

16

10

22

16

18

14

14

26

10

14

12

20

14

16

18

22

34

16

16

20

12

16

16

14

12

2216

1414

26

14

18

12

12

14

20

14

34

12

16

26

14

12

14

14

10

32

12

18

16

14

14

14

30

14

22

24

12

14

16

20

8

26

16

14

14

16

16

14

14

16

18

18

12

14

20

14

10 14

14

16

26

18

18

18

14

14

18

22

20

18

8

14

14

12

16

14

10

14
12

14

12

14

14

14

16

16

22

16

14

14

14

18

20

14

20

14

10

16

12

18

12

12

16

12

14

12

12

24

12

14

14

10

14

16
14

18

18

34

18

38

14

18

16

14

14

16

16

18

24

24

18
16 20

14

16

12

12

20

12

12

32

16

12

14

22

14

16

16

12

16

14

18

G

F

J

FIGURE 9

Wastewater
Collection System
Core Area- North

Location Key

0 200 400
Feet¹

Legend

!U Private Well

U Public Well

Existing Watermain

Proposed Sewer

Service Areas

Infiltration Basin

Wastewater Reclamation Plant

22 Ft Elevation

2 Ft Contours

Parcels

FEMA 100 Year Floodplain

Water Body

Swamp/Marsh

Phase 1 Service Area

Ultimate Service Area

FEMA flood insurance
study flood elevations
for skokomish river below
SR 106 bridge at 22.47 ft.

NOTE:

1.

2. Locations are approximate
and must be verified



U

UU

! U

! U
! U

! U

! U

! U

! U

! U
! U

! U

! U

! U

! U

! U ! U ! U

! U! U

! U

C
H

A
SA

LT

SK
O

K
O

M
IS

H
 IN

D
IA

N
 F

LA
TS

HWY US 101

SR 106
RESERVATION RD

SALISH CT

TW
A

N
A

ENATIA CT

ASPIEL

TS
EE

LS
U

B

C
ED

A
R

POTLATCH

36

18

26

22

34

28

38

14

24

32

16

30

20

26

18

22

18

18

24

20

30

26

22

26

22

24

18

20

30

16

14

14

26

20

22

18

24

28

20

18

32

16

30

26

26

18

16

24

36

32

20

24

24

30

20

28

30

30

20

18

20

26

30

22

18

16

18

18

14

22

36

26

18

30

26

38

18

18

22

20

18

22

20

24

18

22

18

20

26

24

24

18

18

18

36

22

16

14

20 20

26

14

18

26

18

16

24

18

22

18

22

20

24

20

22

20

24

24

20

20

18

18

20

22

18

20

26

18

16

26

20

20

20

16

16

20

34

18

18

16

32

18

14

18

18

20

20

14

18

30

24

20

16

20

14

18

20

20

30

18

18

20

20

26

26

30

30

18

26

18

18

18

20

22

18

20

20

34

26

22

20

22

28

24

16

16

24

20

18

18

18

28

32

20

26

28

18

26

24

28

22

20

20

30

16

16

18

20

20

18

18

32

32

14

18

20

30

20

38

26

22

34

16

18

22

18

22

26

18

22

22

24

20

20

18

22

20

28

30

16

14

16

30

26

18

28

24

18

30

18

16

24

22

18

18

18

28

16

26

26

22

20

20

18

14 16

14

24

24

18

18

16

14

20

22

16

22

16

20

2428

30

18

30

26

16

26

18

24

18

20

34

18

14

18

22

18

26

14

18

18

22

22

20

24

20

20

18

30

18

16

16

24

26

22

26

18

18

28

16

18

28

18

18

18

16

20

26

24

22

26

16

24

24

22

22

20

20

20

18

18

22

20

20

22

32

26

30

14

26

16

18

32

24

14

16

14

22

22

18

24

16

30

30

38

20

22

18

18

24

20

20

20

28

22

18

26

26
32

22

20

28

18

22

32

18

3836

32

22

20

32

20

18

24

30

18

18

20

20

20

20

18

18

22

16

22

30

18

18

18

14

28

16

18

24

26

22

16

18

16

20

J

G
H

Location Key

0 200 400
Feet¹

Legend

!U Private Well

U Public Well

Existing Watermain

Proposed Sewer

Service Areas

22 Ft Elevation

2 Ft Contours

Parcels

FEMA 100 Year Floodplain

Water Body

Swamp/Marsh

Phase 1 Service Area

Ultimate Service Area

FIGURE 10

Wastewater
Collection System
Core Area- Central

FEMA flood insurance
study flood elevations
for skokomish river below
SR 106 bridge at 22.47 ft.

NOTE:

1.

2. Locations are approximate
and must be verified



U

U

! U

! U

! U

! U

! U

! U

! U

! U
! U

! U

! U

! U
! U

! U

! U

! U

SR 106

A
G

EN
C

Y 
R

D

J

TRIBAL CENTER RD

TW
A

N
A

TS
EE

LS
U

B

C
ED

A
R

POTLATCH

J

30

20

18

24

32

16

26

22

28

14

12

22

26

14

22

22

20

22

14

26

22

14

18

22

18

26

16 22

18

20

18

16

14

16

16

14

18

18

18

26

16

20

18

18

20 22

14

18

16

16

18

16

26

16

20

18

20

14

20

18

20

16

22

22

24

26

16

14

16

16

16

16

18

16

20

14

26

14

22

18

18

18
16

20

16

18

16

18

16
18

22

14

20

18

14

18

18

16

14

22

20

20

16

16

20

18

16

22

16

16

20

26

20

14

20

16

14

16

24

18

12

12

18

14

20

20

14

26

16

20

26 16

16

20

26

16

16

14

16

16

20

1816

24

20

18

20

18

20

16

16

20

24

12

18

16

22

14

18

20

18

18

16

28

16
20

26

16

14

12

14

16

22

16

22

16

20

18

28

18

14

18

20

14

14

26

18

24

28

16

24

20

20

20

18

20

22

28

14 20

16

20

16

18

16

18

24

24

16

20

14

14

16

22

16

16

14

14

20

18

20

16

16

18

18

20

18

18

16

16

22

16

24

16

22

14

20

16

18

20

16

16

14

28

20

14

16

22

20

20

26

222424

20

16

16
1622

16

18

18

20

20

16

18

24

18

16

16

20

14

16

26

18

16

16

20

18

16

16

16

14

18

16

16

22

20

16

22

22

26

20

20

18

16

18

16

14

16

14

16

16

20

16

18

20

20

12

20

16

16

16

12

18

14

20

20

16

16

26

16

26

18

24

20

18

18

16

20

22

16

16

20

14

18
16

20

20

16

16

14

16

16

24
14

14

14

18

14

24

26

18

16

18

16

18

16

16

26

16 18

24
16

22

18

16

16

22

22

20

22

24

22

16

22

12

16

24

20

18

18

18

18

18

22

18

22

16

20

16

14

16

12

16

16

28

18

16

22

18

18

22

20

22

18

18

16

20

20

16

16

20

24

18

16

26

18

18

16

18

16

26

14

Location Key

0 200 400
Feet

Legend

!U Private Well

U Public Well

Existing Watermain

Proposed Sewer

Service Areas

22 Ft Elevation

2 Ft Contours

Parcels

Water Body

Swamp/Marsh

Ultimate Service Area

Phase 1 Service Areaº

FIGURE 11

Wastewater
Collection System
Core Area- South

FEMA flood insurance
study flood elevations
for skokomish river below
SR 106 bridge at 22.47 ft.

NOTE:

1.

2. Locations are approximate
and must be verified



06-33 Section 8-1 WW Plan Amendment 
July 2007 Evaluation Skokomish Indian Tribe 

SECTION 8  
EVALUATION OF WASTEWATER TREATMENT, SOLIDS TREATMENT & 
WATER REUSE ALTERNATIVES 
AMENDMENT TO SECTIONS 7 AND 8 PRELIMINARY EVALUATION OF 
WASTEWATER TREATMENT PLANT ALTERNATIVES AND EFFLUENT 
DISPOSAL ALTERNATIVES 
 
The 1998 Master Plan recommended a single plant using either the Biolac aerated lagoon 
system (manufactured by Parkson, Inc.) or a Sequencing Batch Reactor system (SBR), 
effluent disposal using rapid infiltration, forest irrigation or wetland disposal, and sludge 
disposal using land application in the forest. The recommended system was revised based 
on the following changed conditions: 
 

1. Concerns about nitrogen in Hood Canal led to the review of the recommended 
treatment system, because the Biolac system will not meet the water reuse 
reliability requirements for effluent standards for nitrogen removal. Both the 
Biolac and the SBR systems did not meet reclaimed water standards for 
unrestricted reuse.  The technologies were reviewed in the Project Definition 
process and the results are summarized in this section.  

2. In addition, the Project Definition process resulted in the development of two 
separate treatment and disposal systems. The results are summarized in this 
section. 

3. Effluent disposal technologies including infiltration basin, forest irrigation, and 
wetland disposal were evaluated during the Project Definition process. The results 
are summarized in this section. 

 
The plant locations, site plans, design criteria, and schematic diagrams, and the effluent 
disposal site locations and section drawings, and preliminary design criteria are 
summarized in this section. The summary is based on meeting the demands of the service 
area, over the 20-year planning horizon.  
 
Also presented for each alternative is an estimate of probable program costs. The 
estimates represent complete program capital costs for each alternative and include 
estimates for construction costs, engineering, permitting, property acquisition/easements 
and contingencies. Detailed cost estimates are presented in Appendix I. 
 
EVALUATION OF WASTEWATER TREATMENT TECHNOLOGY  
 
Since the 1998 Master Plan was prepared, the Membrane Bioreactor system (MBR) has 
become more prevalent and widely accepted as a reliable, cost-effective treatment 
technology for small flows. Several systems are operating successfully in the Northwest. 
The MBR system has proven successful in treating to DOE’s Class A standards for 
reclaimed wastewater. 
 
The MBR design provides a more consistent, high quality effluent, with fewer solids to 
handle. Wastewater is drawn through membrane filters by applying a suction pressure 
across the membrane.  The pressure differential is generally provided by pumping; 
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however, some experimental gravity systems are being tested. Pumping increases 
operation costs. The risk of exceeding water quality standards with the MBR plant is low 
because the membrane acts as a positive barrier to solids carryover. 
 
In most treatment plant designs, to meet Class A standards the  biological treatment 
process, such as a sequencing batch reactor (SBR), is followed by an effluent polishing 
system using a sand filter. The MBR facility does not require advanced treatment because 
the membrane is a positive barrier that provides this same level of effluent polishing. 
 
MBR treatment technology was selected on a cost and non-cost basis.  
 
Non-cost criteria used for  comparison to other treatment technologies were as follows: 
 

• Land acquisition 
• Ease of construction 
• Expandability 
• Flexibility for meeting future regulations 
• Ability to permit and satisfy environmental concerns 
• Visual impact 
• Ease of operation and maintenance 
• Odor potential 
• Environmental impact 
• Land requirements 
 

The MBR technology is recommended, based on the following non-cost advantages: 
 

1.  The MBR system requires less land. 
2.  Construction complexity and costs for both systems are similar 
3.  Expandability requirements are similar for both systems. 
4.  The MBR is more reliable in meeting effluent standards. 
5.  The visual impacts of both systems are similar. Each can be concealed within a 

building, hidden by landscaping.  
6.  The operation and maintenance of the MBR is easier than the SBR.  

 
The comparison of the costs of  treatment alternatives was summarized in the Project 
Definition Report (Appendix J), and is not summarized here. 
 
EVALUATION OF COMBINED OR SEPARATE TREATMENT SYSTEMS 
 
The Potlatch Bubble and Core Area collection systems are separated by more than one 
mile, with Highway 101 being the only corridor connecting the two areas. Providing 
wastewater services with a single plant would require a  pressurized sewer main to 
connect the two areas, with little or no expansion of service. The Project Definition 
process evaluated the costs and benefits of providing wastewater services with a single 
plant at the former WSDOT maintenance yard, versus construction of two separate 
plants. The Project Definition process recommended two separate plants, based on the 
following reasons: 
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1. Capital and O&M costs of two single plants and one combined plant are not far 

enough apart to justify a combined plant on cost alone. 
2. The Skokomish Tribe is committed to quickly implementing construction of the 

Potlatch Bubble plant in order to meet the needs of its new t3ba’das housing 
project scheduled for occupancy in late 2008. 

 
The comparison of the costs of the combined versus separate treatment systems was 
summarized in the Project Definition Report (Appendix J), and is not summarized here. 
 
EVALUATION OF EFFLUENT DISPOSAL TECHNOLOGY 
 
Infiltration bed technology is the most efficient means for effluent disposal, in terms of 
capital and O & M costs, as well as in terms of the land requirements. However, soil 
percolation requires good geotechnical conditions, in order for it to work. These 
conditions include good soils, good geologic subsurface conditions and a relatively flat 
site.  In infiltration bed systems, effluent flows through an array of parallel perforated 
pipes that are laid in the bottom of a pond or buried in a gravel filled infiltration bed. The 
flow is distributed evenly across the gravel bed and allowed to percolate into the 
groundwater. No significant impact to the groundwater would occur, because of the high 
quality of the effluent. 
 
Forest irrigation is land intensive and has high capital and O & M costs. An economic 
benefit can be developed from forest irrigation for effluent disposal, which may offset the 
costs. Land available for forest irrigation for both the Potlatch Bubble and Core Area is 
high, in elevation, above the proposed treatment plant location, and far away. Costs for 
pumping water and storing water, during the wet season, appear to be prohibitive.  
 
Wetland augmentation is the discharge of effluent into an existing wetland, “augmenting” 
the existing water supply.  The existing wetlands on the Skokomish Reservation are Type 
1, high quality wetlands. Augmenting the water supply of a Type 1 wetland cannot 
enhance the quality of the wetland and is not allowed under current DOE guidelines, 
therefore wetland augmentation is not allowed. 
 
Constructed wetlands may be an option for effluent disposal; however constructed 
wetlands would not be considered a final point of disposal. Water would be discharged at 
some point from the constructed wetland, either to a surface water body or to an 
infiltration basin. In addition, the water quality of a constructed wetland may not 
consistently meet Class A effluent standards. In addition, water fowl impacts to water 
quality may cause problems in meeting water quality goals for Hood Canal.  
 
A full review of the wetland disposal issues is included in the Project Definition Report. 
The review concluded that wetland disposal would not be a good solution, given the 
quality of the existing wetlands on the Reservation, and the limited area available and 
potentially poor effluent quality associated with constructed wetlands. 
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The infiltration basin disposal was found to be preferred over forest irrigation for the 
following reasons: 
 

1.  Infiltration basins require less land than forest irrigation. 
2.  Construction complexity and costs for both systems are similar.  
3.  Expandability requirements are similar for both systems. 
4.  The infiltration basins have a much smaller visual impact than the much larger 

forest irrigation system. 
5.  The operation and maintenance of the infiltration basins is significantly less than 

that required for the forest irrigation system, primarily due to the high energy 
costs of pumping up to the forest for irrigation.  Because of the smaller land 
requirements of infiltration basins they can be located in closer proximity to the 
wastewater treatment facility. 

6.  The forest irrigation system has a bigger environmental impact because more land 
is required. 

 
INFILTRATION BASIN DESIGN CRITERIA 
 
The geotechnical  study for the Facility Plan Amendment will be completed by the end of 
July 2007, and will be submitted at that time. The study will include site specific 
information for both infiltration basin locations on: 
 

1. Soils and their permeability. 
2. Geohydrologic evaluation of factors such as: 

a. Depth to groundwater and groundwater movement during different times of 
the year. 

b. Water balance analysis of the proposed discharge area. 
c. Overall effects of the proposed facility upon the groundwater in conjunction 

with any other land application facilities that may be present. 
d. Reserve areas for additional subsurface disposal. 

 
Infiltration basin designs were developed to a conceptual level, based on an infiltration 
rate estimated in the geotechnical study for the Project Definition Report. The design 
assumes the soils have an infiltration capacity of 2 inches/hour. And the design is based 
on 10% of that capacity (0.2 in/hour), per EPA guidance. Experience has shown success 
at these application rates. Requirements for emergency storage have not been addressed. 
Regulatory guidance on this requirement is needed for each specific project area. 
 
The reader is encouraged to review the very latest hydrogeologic data for both Potlatch 
and the Core Reservation infiltration basins that became available as this report is 
published.  Higher rates of infiltration were used in the calculations for this report than 
are supported by these latest data.  This means that larger areas for basins could be 
required to serve the first phase of sewer development, and additional basin sites may be 
needed for the ultimate phase than are contemplated in this document.  Although the 
planning level cost estimates presented may also need to be increased, there is some room 
in these estimates to accommodate some change. 
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Permitting final infiltration basins will require substantial exploration and even testing 
during design.  It is during design that basin sizing will be closely matched with the 
results of detailed soils analysis and further refinement of projected flows.  The 
hydrogeologic data suggest there are suitable sites for such basins and, while level land 
near the Potlatch and Core Reservation treatment plant sites is limited, it is available. 
 
SOLIDS TREATMENT ALTERNATIVES 
 
The 1998 Master Plan includes a description of sludge management alternatives.  Sludge, 
or biosolids, may be stored and dried on-site, or hauled off to reduce the capital cost of 
the plant. There is an onsite sludge composting program at the Washington Corrections 
Center in Shelton which may be available to receive the sludge. For purposes of this 
study, provisions for sludge treatment include sludge stabilization and dewatering 
sufficient for disposal on land as a Class B biosolids or in a landfill. 
 
POTLATCH BUBBLE TREATMENT AND DISPOSAL 
 
The Potlatch Bubble treatment plant and effluent disposal design includes a new MBR 
water reclamation facility located on the western edge of Potlatch State Park. The plant 
will be located near the Tribe’s new t3ba’das Housing Project and the effluent disposal 
infiltration basins will be located nearby (see Figure 13). 
 
A summary of components of the treatment plant is provided here.  Detailed sizing of 
unit processes are shown in Table 10 and the site plan for the plant is shown in Figure 12.  
A schematic hydraulic profile and flow diagram of the plant is shown in Figures 18 and 
19. Sections of the infiltration basins are shown in Figure 14. 
 
Treatment plant components: 
 

• Influent Pumping:  Based on final siting and topography of the plant, influent 
pumping may not be necessary for operation of the plant, however, for cost 
estimating purposes it is included in this evaluation.  Influent pumping will 
consist of submersible pumps which are paced to the incoming wastewater flow.  
There are two pumps, each sized for the peak hour flow, and therefore, if one 
pump goes down, the other can function as standby. 
 

• Headworks (screening, grit removal, metering): Headworks consist of a 1/8” 
rotating drum screen with a bypass bar screen, a vortex grit removal system and 
an influent magnetic flow meter. 
 

• Secondary Treatment: Membrane Biological Reactor technology will be used as 
the secondary treatment process and to achieve Class A reclaimed water. This 
alternative provides an MBR system consisting of a concrete tank with basins that 
will house the membrane units and provide anoxic and pre-aeration zones. The 
system will consist of influent and effluent piping, waste pumps, blowers and 
associated controls to make the installation complete. 
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• Equalization basins are recommended to attenuate peak hourly flows, because the 
membranes are sized for peak daily flow. 
 

• Disinfection System: UV disinfection consisting of a 3 bank system containing  
low pressure high output lamps will be provided.  The rated capacity will be 0.10 
mgd based on 60% transmittance. 
 

• Infiltration Basins: The infiltration basins are required to be 1.07 acres based on a 
design application rate of 0.2 inches per hour (in./hr). Phase 1 design includes the 
use of the reserve State Parks drainfield area, and three terraced infiltration beds 
(see Figure 13). The infiltration system will include an effluent pump, valve vault, 
force main, pumps, distribution box, and header system which distributes the 
effluent flow evenly throughout the infiltration basin.  
 
Emergency storage requirements will be included after regulatory requirements 
are established. Test pit data for soils in the proposed area for the infiltration 
basins will not be available until the end of July 2007. 
 
The infiltration basins will be secured by a chain-link security fence. 
 

• Solids Handling Facilities: Solids handling will consist of aerobic 
digesters/storage tank, with decanting capabilities and transportation to the Core  
Service Area WRP for processing and reuse of the biosolids. 

 

Table 10. Potlatch Bubble MBR Treatment Plant Design Criteria 

Component Phase 1 Ultimate 

Influent Pump Station(s)  
    (1 Standby + 1 Future) 

flow proportional pumping 

   Capacity, each 100 gallons/minute 
   Motor 5 horsepower (HP) 10 HP 
 
Headworks 

Component Phase 1 Ultimate 
Influent In-Channel Fine Screens, number  2 3 
   Capacity, each 0.6 mgd 
   Type of screen in-channel fine screen 
   Screen opening 2 mm 
Influent flow measurement, type ultrasonic 
    Downstream of fine screens, 24” side walls 3” Parshall flume 
Influent sampling, refrigerated flow paced composite sampler 

Herb Fricke, P.E.
Insert ultimate peak flow if we know what it is.

Herb Fricke, P.E.
This should be the same as our peak hourly flow and slightly higher is OK.
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Table 10. Potlatch Bubble MBR Treatment Plant Design Criteria, continued 

Activated Sludge – Nutrient Removal Treatment, continued 

Component Phase 1 Ultimate 
Equalization & out-of-compliance Basin, number 1 2 
   Equalization volume, each (equalize 8 hours of 

max day) 
40,000 gallons 

   EQ to AB flow distribution box, no. (1 is   
standby) 

2 4 

   Capacity, each (vfd flow control, PLC control) 80 gallons per minute (gpm) 
   Motor size, each 2 2 
Anoxic/Aeration Combination cyclic Aeration 
Basins (AB), number  

2 @25,000 gallons, 
each  

4 @ 25,000 gallons, 
each  

   Volume provided by membrane 3 of 4 basins 15,000 gallons+/-* in operation 
  Note: *Zenon skid basin volume is ~50% effective 

due to coarse bubble diffusers.n 
   MCRT, minimum 21 days 
   Side water depth at maximum monthly 

average 
12’ swd, 14’ walls 

 Aeration blowers, no. (one standby) 3 5 
   Capacity, each 
    (peak full speed produces 100 scfm) 

80 scfm 

   Operating pressure 7.0 psig 
   Motors, each 10 horsepower 
   Aeration blower control (on vfd’s) DO probes/control system 
Aeration, type EPDM fine bubble diffusers 
   Aeration sizing for diffusers 150 scfm 
Mixing, & type submersible mixers 
   Number 2 4 
   Motor size, each 2 HP 
Membrane Skids, number (standby is storage 
volume) 

1 
Zenon 

2 
Zenon 

   Volume, each skid (2 basins per skid)      5,000 gal 
   Total volume in operation at design flow 7,500 gal 
   Turbidity analyzers, total, continuous effluent 

monitoring 
1 per basin 

Effluent (permeate) Flow meters 1 per basin 
Mixed Liquor (MLSS) Recirculation (MLR) gravity to Anoxic/EQ 
   Recycle to Anoxic Basin (controlled by 

Anoxic/EQ pumps) 
130  gpm 

 
   MLSS recirculation., total, maximum 0.19 mgd 0.38 mgd 
   Magnetic flow meters, 4 inch, number 1 1 
Waste Sludge Pumps, no. (+ 1 uninstalled 

standby), submersibles in Mixed Liqour 
Recirculation Wetwell 

1 2 

   Capacity, each 80 gpm 
   Motor 3 HP 
   Flow control type time on, total flow off 
   Magnetic flow meters, 2 inch, no. 1 2 
Scum Pump, positive displacement, no. (+1 
uninstalled standby) 

1 1 

   Capacity 40 gpm 
   Motor 3 HP 
   Control  manual or level on and level off 
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Table 10. Potlatch Bubble MBR Treatment Plant Design Criteria, continued 

Ultraviolet Disinfection System 

Component Phase 1 Ultimate 
Type, IDI horizontal with block-outs for added 

future modules       
Low pressure/low intensity 

Number of banks in series (expansion capable 
on each module) 

3 

   Capacity to treat to Class A standards 0.1 mgd 0.2 mgd 
   UV design dose, after 8,760 hours lamp 

operation  
   (100% redundant unit is not installed) 

80,000 µW-sec/cm2 [80 mJ/cm2] 
 
 

Effluent Refrigerated Sampler 1 1 

REUSE WATER SUMP/PUMPS TO REUSE OR INFILTRATION TO GROUNDWATER 

Component Phase 1 Ultimate 
Effluent Reuse Pumps, no (1 is standby + 1 

future) 
2 3 

   Capacity 100 gpm 
   Motor  

10 hp 
   Effluent flow measurement, type 4” mag meter 
Utility Water Pumps, no. 1 
   Capacity 60 gpm 
   Motor 7.5 hp 
   System components pressure tank, pressure switch 
   Operation pump on at 80 psig and off at 100 psig 

SLUDGE AERATED HOLDING BASIN 
Component Phase 1 Ultimate 
Volume of tank 
  (bolted steel 16’ walls, 14’ swd, 30 ft dia)  
  or concrete (20’x20’x14’ walls, 12’ depth) 

12,000 gallons 

Aeration blowers, no. (main blowers are 
standby) 

1 2 

   Capacity, each 180 scfm 
   Operating pressure 7.0 psig  
   Motors 10  horsepower 

DRAINAGE PUMP STATION 
Component Phase 1 Ultimate 
Pumps, duplex alternating, no 2  
   Capacity, each 120 gallons/minute  
   Motor 5 horsepower  
 
CORE AREA TREATMENT AND DISPOSAL 
 
The Core Area MBR plant is located on the former WSDOT maintenance facility. It will 
accommodate up to 140,000 gpd average daily flow, when expanded for service for the 
the 20-year flow projections. The former WSDOT yard is located on Highway 101, near 
the northern end of the Core Area (see Figure 15).  Effluent disposal will be achieved 
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with infiltration basins, located east of the highway, and north of the WSDOT parcel. The 
property is known as the Smith Property.   
 
The following is a summary of the new treatment facility’s proposed elements.  Detailed 
sizing of unit processes are shown in Table 11.  Figures 18 and 19 show a schematic 
hydraulic profile and flow diagram of the plant, as well. A section of the infiltration basin 
is shown in Figure 17. 
 

• Headworks (screening, grit removal, metering): Headworks consist of a 1/8” 
rotating drum screen with a bypass bar screen, a vortex grit removal system and 
an influent magnetic flow meter. 
 

• Secondary Treatment: Membrane Biological Reactor technology will be used as 
the secondary treatment process and to achieve Class A reclaimed water. This 
alternative provides an MBR system consisting of a concrete tank with basins that 
will house the membrane units and provide anoxic and pre-aeration zones. The 
system will consist of influent and effluent piping, waste pumps, blowers and 
associated controls to make the installation complete. 
 

• Equalization basins are recommended to attenuate peak hourly flows, because the 
membranes are sized for peak daily flow. 
 

• Disinfection System:  UV disinfection consisting of a 3 bank system  of low 
pressure high output lamps will be provided. The rated capacity will be 0.10 mgd 
based on 60% transmittance. 
 

• Infiltration Basins: The infiltration basins are required to be 1.16 acres based on a 
design application rate of 0.2 in./hr. The infiltration system will include an 
effluent pump, valve vault, force main, pumps, distribution box, and header 
system which distributes the effluent flow evenly throughout the infiltration basin.  
 
Emergency storage requirements will be included after regulatory requirements 
are established. An abandoned water well is freely flowing on the site, and must 
be capped prior to construction of the infiltration basins. Soil logs for test pits dug 
by Hong West for the original Master Plan are in Appendix G. 
 
The infiltration basins will be secured by a chain-link security fence. 
 

• Solids Handling Facilities: Solids handling consists of aerobic digesters/storage 
tank, followed by thickening/dewatering by a belt filter press.  The solids will 
then be transported to a landfill for final disposal or can be reused as soil 
amendment in a permitted biosolids land application program for agricultural 
production. 
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Table 11. Core Area MBR Treatment Plant Design Criteria 

Component Phase 1 Ultimate 
Influent Pump Station(s) 
1 standby + 1 future) 

flow proportional pumping 

   Capacity, each 300 gallons/minute 
   Motor 10 horsepower 
 
Headworks 

Component Phase 1 Ultimate 
Influent In-Channel Fine Screens, no. 2 3 
   Capacity, each  0.6 mgd  
   Type of screen in-channel fine screen 
   Screen opening  2 mm  
Influent flow measurement, type Ultrasonic 
   Downstream of fine screens, 24” side walls 3” Parshall flume 
Influent sampling, refrigerated flow paced composite sampler 
 
Activated Sludge – Activated Sludge Nutrient Removal Treatment 

Component Phase 1 Ultimate 
Equalization & out-of-compliance Basin, no. 1 2 

Equalization volume, each (equalize 8 hours of    
max day) 

70,000 gallons 

EQ to AB flow distribution box, no. (1 is 
standby) 

2 4 

   Capacity, each (vfd flow control, PLC control) 200 gallons per minute 
   Motor, each 3 HP 
Anoxic Basins,(AnB), Flow from Influent + MLSS 
recirculation ,number 

2 3 

   Volume, total 35,000 gallons 52,000 gallons 
   Side water depth at max day flow (peak flow) 12 (12.5) feet 
   Mixers, high speed floating, total no.  2 4 
   Motor 2 horsepower 

Detention time @ max mon avg + 3 x mlss 
recirculation, (Initial: 0.125+0.125x3 mgd) = 0.5 
mgd 

1.7 hours 

Aeration Basins, (no.)  
   volume 30,000 gallons each  

2 4 

Total Aerated Volume, including   Membrane 
Basins 

0.0877 mg 0.175 mg 

   Volume provided by membrane 3 of 4 basins 15,000 gallons+/-* in operation 
 Note: *Zenon skid basin volume is ~50% effective due 

to coarse bubble diffusers 
    MCRT, minimum 21 days 
   Side water depth at max mon avg 12’ swd, 14’ walls 
   Aeration blowers, no. (one standby) 3 5 
      Capacity, each 200 scfm 
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Table 11. Core Area MBR Treatment Plant Design Criteria, continued 

 
ACTIVATED SLUDGE – NUTRIENT REMOVAL TREATMENT (Continued) 

Component Phase 1 Ultimate 
       Operating pressure 7.0 psig 
       Motors, each  10 horsepower  
       Aeration blower control (on vfd’s)  DO probes/control system 
Aeration, type EPDM fine bubble diffusers 
   Aeration sizing for diffusers     300 scfm  
   Mixing, & type submersible mixers 
      Number 2 4 
      Motor, each  2 horsepower  
Membrane Skids, no. (standby is storage 

volume)   
1 

Zenon 
2 

Zenon 
   Volume, each skid (2 basins per skid) 7,500 gal 
   Total volume in operation at design flow     15,000 gal 
   Turbidity analyzers, total, continuous effluent 

monitoring       
1 per basin  

   Effluent (permeate) Flow meters 1 per basin  
Theoretical detention time (total aerated volume, 

AB + MAB, without MLSS recirculation) 
 

   At annual average (0.137 mgd) 17 hours 
   At max monthly average (0.18 mgd) 14 hours 
Mixed Liquor (MLSS) Recirculation (MLR) gravity to Anoxic/EQ 
   Recycle to Anoxic Basin (controlled by 

Anoxic/EQ pumps) 
130  gpm 

       MLSS recirculation, total, maximum 0.19 mgd 0.38 mgd 
   Magnetic flow meters, 4 inch, no. 1 1 
Waste Sludge Pumps, no. (+ 1 uninstalled 

standby), submersibles in ML recirculation 
wetwell 

1 2 

   Capacity, each 80 gpm 
   Motor 3 horsepower 
   Flow control type time on, total flow off 
   Magnetic flow meters, 2 inch, no.  1 2 
Scum Pump, positive displacement, no. (+1 

uninstalled standby)  
1 1 

   Capacity 40 gpm 
   Motor   3 horsepower 
   Control  manual or level on and level off 
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Table 11. Core Area MBR Treatment Plant Design Criteria, continued 

 
ULTRAVIOLET DISINFECTION SYSTEM 

Component Phase 1 Ultimate 
Type, IDI horizontal with block-outs for added 

future modules, 
low pressure/low intensity 

Number of banks in series (expansion capable 
on each module) 

3 

   Capacity to treat to Class A standards 0.2 mgd 0.4 mgd 
   UV design dose, after 8,760 hours lamp 

operation 
    (100% redundancy of largest unit is not 

installed) 

80,000 µW-sec/cm2 [80 mJ/cm2] 
 
 

Effluent Refrigerated Sampler 1 1 
 
REUSE WATER SUMP/PUMPS TO REUSE OR INFILTRATION TO GROUNDWATER 
Component Phase 1 Ultimate 

Effluent Reuse Pumps, no (1 is standby + 1 
future) 

2 3 

   Capacity 200 gpm 
   Motor 10 hp 
   Effluent flow measurement, type  4” mag meter  
Utility Water Pumps, no.  1 
   Capacity  60 gpm 
   Motor 7.5 hp 
   System components pressure tank, pressure switch 
   Operation pump on at 80 psig and off at 100 psig 
 
SLUDGE AERATED HOLDING BASIN 
Component Phase 1 Ultimate 
Volume of tank 
    (bolted steel 16’ walls, 14’ swd, 30 ft dia) 

36,000 gallons 

Alternative material, concrete (20’x20’x14’ walls,   
12’ depth)  

 

Aeration blowers, no. (main blowers are 
standby) 

1 1 

    Capacity, each 200 scfm 
   Operating pressure 7.0 psig 
   Motors  15  horsepower 
Pressure Transducer for level indication 1 
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Table 11. Core Area MBR Treatment Plant Design Criteria, continued 
 
SLUDGE THICKENING/DEWATERING 

Component Phase 1 Ultimate 
Type Belt filter press w/ thickening option 
   Effective belt width 0.8 meter 
   Feed rate capacity, max 30 gallons/minute dewatering; 60 gpm thickening
   Drive motor 3 HP 
   Belt tension compressor        2 HP 
   Utility water booster pump        5 HP 
Polymer feed systems     (2 feed pumps, 1 neat polymer pump) 
Type wet polymer 
Thickener feed pumps, no. (+ 1 un-installed) 1 
   Capacity, each 80 gallon/minute 
   Motor  7.5 horsepower  
   Flow control manual set vfd at BFP control panel 
   Magnetic flow meter        1 at 4 inches 
Thickened Sludge Pump, open throat, motor        7.5 HP 
   Dewatering Conveyor 2HP 
 
DRAINAGE PUMP STATION 

Component Phase 1 Ultimate 
Pumps, duplex alternating, number 2 
   Capacity, each motor 120 gallons/minute 
   Motor 5 HP 
 
 
PHASE 1 CAPITAL COSTS  
 
Phase 1 project cost estimates are summarized in Tables 12 and 13. Detailed cost 
estimates are presented in Appendix I. In general, conveyance costs include the cost of 
services, force mains and pump stations. Costs for decommissioning of septic tanks is 
separated for purposes of developing funding alternatives.  
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Table 12. Capital Costs - Phase 1 Potlatch Bubble 

Capital Costs   Comments 
Component Installed Costs     
     
Conveyance $639,000   
Conveyance for Potlatch Bubble Service Creep $335,100   
Decommissioning Existing Septic Tanks $10,000   
Decommissioning for Potlatch Bubble Service 
Creep $19,000   
Treatment $2,303,000   
Disposal $267,000   

Subtotal $3,573,100   
Contingency  $893,000 25% of Construction Cost 

Subtotal Construction $4,466,000   
Non-construction costs    
     
Design Engineering $536,000 12% of Construction Cost 
Assistance During Construction $357,000 8% of Construction Cost 
Administration $89,000 2% of Construction Cost 
Design/Admin Contingency $134,000 3% of Construction Cost 
     

Subtotal $1,116,000   
Total Capital Cost $5,582,000   

 
 

Table 13. Capital Costs - Phase 1 Core Area 

Capital Costs   Comments 
Component Installed Costs     
  
Conveyance $1,752,000   
Decommissioning Existing Septic Tanks $89,000   
Treatment $3,550,000   
Disposal $320,000   

Subtotal $5,711,000   
Contingency  $1,427,750 25% of Construction Cost 

Subtotal Construction $7,138,750   
Non-Construction Costs     
      
Design Engineering $856,650 12% of Construction Cost 
Assistance During Construction $571,100 8% of Construction Cost 
Administration $142,775 2% of Construction Cost 
Design/Admin Contingency $214,163 3% of Construction Cost 

Subtotal $1,784,688   
Total Capital Cost $8,923,438   
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SECTION 9 
FINANCIAL ANALYSIS – POTLATCH BUBBLE AND CORE RESERVATION AREAS 
AMENDMENT TO CHAPTER 12 FINANCING 
 
The purpose of the financial section is to evaluate the financial impact of completing the capital 
program identified in the plan, and outlining necessary steps for the financial execution of the 
plan.  Completing these projections for a start-up system requires relying more heavily on 
assumptions and estimates than for an existing system with available operating and cost history.  
Therefore, this section will list the set of assumptions that are used to project financial impacts as 
well as identify financial issues that may be dealt with in the utility formation process as it 
progresses. 
 
The Potlatch Bubble and Core Reservation Areas of the Skokomish Indian Tribe are currently 
served by individual private onsite septic systems.  They are two of three areas that are jointly 
planning for, and evaluating financial feasibility for establishing a sewer utility, including the 
Hoodsport potential service area.  At study time, ownership and management of the two potential 
sewer service areas on the Skokomish Tribal lands is assumed to be the Skokomish Indian Tribe, 
and the Hoodsport area would come under ownership and management of Mason County.   
  
This section includes: 
 

Capital Cost Data and Inflationary Projections 
Equivalent Residential Unit (ERU) Data and Projections 
Utility Management / Financial Policy Assumptions  
Available Funding Sources for Capital Projects 
Capital Financing Assumptions Used for the Financial Impact Forecast 
Capital Financing Scenarios Evaluated 
Annual Revenue Needs Forecast  
List of Assumptions Used in the Revenue Needs Projection 
Capital Facilities Charge Calculation 
List of Utility Formation Financial Issues to Consider 
Recommended Financial Strategy 

 
CAPITAL COST DATA AND INFLATIONARY PROJECTIONS 
 
The capital costs identified in this plan are provided in current (2007) dollars.  It is anticipated 
that these projects will be constructed up to the projected 2010 first year of utility operation for 
the Potlatch Bubble area and 2011 for Core Reservation area.  An annual construction cost 
inflation rate of 4% has been used in forecasting capital costs for financing needs.  The following 
tables show the capital cost timing projection as well as the costs escalated to the year of 
anticipated spending for the Potlatch Bubble (Table 14) and Core Reservation (Table 15). 
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Table 14. Capital Program Summary – Potlatch Bubble 

2007 2008 2009 Total

Conveyance 99,800$       499,000$      922,200$      1,521,000$      
Decommissioning 46,000          46,000             
Treatment 359,800       1,799,000     1,439,200     3,598,000        
Disposal 41,700         208,500        166,800        417,000           

Total 501,300$     2,506,500$   2,574,200$   5,582,000$      

Escalated Cost 501,300$     2,606,760$  2,784,255$   5,892,315$       
 
 

Table 15. Capital Program Summary – Core Reservation 

2007 2008 2009 2010 Total

Conveyance 136,900$     821,400$      1,095,200$   684,500$      2,738,000$  
Decommissioning 139,000        139,000       
Treatment 277,400       1,664,400     2,219,200     1,387,000     5,548,000    
Disposal 25,000         150,000        200,000        125,000        500,000       

Total 439,300$     2,635,800$   3,514,400$   2,335,500$   8,925,000$  

Escalated Cost 439,300$     2,741,232$  3,801,175$   2,627,120$  9,608,827$   
 
 
EQUIVALENT RESIDENTIAL UNIT (ERU) DATA AND PROJECTIONS 
 
Utility operations are expected to begin in the Potlatch Bubble service area in 2010 with a rate 
basis of 70 ERUs.  An additional 52 conversions are projected by 2012.  With assumed annual 
growth of over 2%, about 143 ERUs are projected at year 10 of utility operations. 
 

Table 16. Summary of ERU Basis- Potlatch Bubble 
ERUs 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Tribal Housing 24 27 30 33 36 39 42 45 48 51
Potlatch State Park 36 36 57 57 57 57 57 57 57 57
Minerva - East 10 10 10 10 10 10 10 10 10 10
Potlatch Bubble Service Creep 0 0 25 25 25 25 25 25 25 25
Total 70 73 122 125 128 131 134 137 140 143

Effective Utility Annual Growth Rate 4.29% 67.12% 2.46% 2.40% 2.34% 2.29% 2.24% 2.19% 2.14%  
 
Planning estimates project that 345 equivalent residential units (ERUs) will be connected to the 
Core Reservation sewer system during the first year of operation. No additional connections or 
growth to the service area are projected in this plan.  The projections of average cost per ERU 
presented in this section are based on 345 ERUs in the Core Reservation potential service area. 
 
 
UTILITY MANAGEMENT / FINANCIAL POLICY ASSUMPTIONS 
 
Tribes are not subject to the state laws pertaining to utility rates, finance and management. 
However, the Tribe is seeking to utilize state funding resources that have requirements for grant 
and low-cost loan funding eligibility.  As such, this financial section evaluates financial needs 
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assuming establishment of a new Tribal sewer utility that adheres to state regulations and 
industry practice as it relates to utility financial performance and rates. It is important to note that 
in the utility formation process the Tribe may choose to adopt none, some, or all of the typical 
utility management and financial standards, or only those that preserve the opportunity to seek 
out state funding resources. 
 
AVAILABLE FUNDING SOURCES FOR CAPITAL PROJECTS 
 
Funding capital projects for utility formation requires consideration of unique constraints.  In the 
case of an existing utility there could be cash reserves available either to pay directly for capital 
or to provide matching funds for low-cost loan programs.  Existing cash also allows for short-
term cash-flow management for grant programs that operate on a reimbursement basis only.  An 
existing utility has existing revenue to pledge toward loan repayment and that may be made 
available for debt service that commences before project completion (and therefore utility 
operation and revenue collection in the case of utility formation). 
 
Since there are no existing utility cash reserves, nor revenue, financing utility formation requires 
funding sources that provide proceeds upfront and do not require repayment until project 
completion or utility operation, using these options not only to fund projects but to manage 
project cash flow during construction.  Since many grant/loan programs are reimbursement-
based, meaning that they pay the agency only after agency payment for incurred costs, cash flow 
is a vital consideration in project financing and management.  
 
The following is a summary of the programs and borrowing mechanisms that are available to the 
Tribe for sewer infrastructure funding.   
 
GOVERNMENT PROGRAMS 
 
Environmental Protection Agency (EPA)/ Clean Water Indian Set-Aside Program 
(Descriptions Taken from EPA Website) 

 
The Environmental Protection Agency (EPA) manages a grant program for the construction of 
wastewater treatment facilities for Indian tribes, Alaska Native Villages (ANVs), and tribes on 
former reservations in Oklahoma. The program is called the Clean Water Indian Set-Aside (ISA) 
Grant Program. Section 518(c) of the 1987 Amendments to the Clean Water Act established the 
program and authorized EPA to administer grants in cooperation with the Indian Health Service 
(IHS). This partnership maximizes the technical resources available through both agencies to 
address tribal sanitation needs. The ISA Program uses IHS's Sanitation Deficiency System (SDS) 
to identify high priority wastewater projects for funding. 
 
State and Tribe Assistance Grants (STAG) 
 
The Environmental Protection Agency administers the STAG program with the intent that it will 
assist states and tribes in carrying out activities to ensure compliance with environmental laws 
and standards, and for project outcomes to serve as examples to other jurisdictions.  Applications 
and review processes are administered through regional offices of the EPA.  EPA grants have 
been earmarked to be made available to the Tribe and Mason County in their combined efforts to 
attract funding to the sewering projects.  The grants require a 45% local match for which state 
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grants and loan proceeds are eligible.  The Tribe might also consider other Tribal resources for 
initial matching requirements. 
 
Clean Water Act Section 106 Tribal Pollution Grant Control Program 
 
Grants under Section 106 of the CWA are intended to assist Indian tribes in carrying out 
effective water pollution control programs. Federally-recognized Indian tribes or Intertribal 
Consortia meeting the requirements for Treatment as a State (TAS), as set forth under Section 
518 (e) of the Clean Water Act are eligible for these grants. Each member of an Intertribal 
Consortium must meet the requirements for TAS. Section 106 grants may be used to fund a wide 
range of water quality activities including: water quality planning and assessments; development 
of water quality standards; ambient monitoring; development of total maximum daily loads; 
issuing permits; groundwater and wetland protection; nonpoint source control activities 
(including nonpoint source assessment and management plans); and Unified Watershed 
Assessments (UWA) under the Clean Water Action Plan (CWAP). Where a tribe already has an 
established water pollution control program, it is encouraged to begin implementing specific 
program elements, e.g., developing nonpoint source controls, developing and revising tribal 
water quality standards, or developing and implementing groundwater programs. 
 
Clean Water Act Section 104(B)(3) Water Quality Cooperative Agreements/Grants 
 
Under the authority of Section 104(b)(3) of the Clean Water Act, EPA makes grants to state 
water pollution control agencies, interstate agencies, municipalities, Indian tribes and other 
nonprofit institutions to promote the prevention, reduction and elimination of pollution. Further, 
the Clean Water Action Plan (CWAP), released in February 1998, presents a broad vision of 
watershed protection, and includes a new, cooperative approach to restoring and protecting water 
quality. The CWAP asks state, federal, tribal, and local governments to work with stakeholders 
and interested citizens to: 1) identify watersheds with the most critical water quality problems, 
and 2) work together to focus resources and implement effective strategies to solve these 
problems. Priority consideration is being given to implementing the CWAP and projects 
covering watersheds, and activities addressing stormwater, combined sewer overflows, mining, 
on-site systems, and animal feeding operations. 
 
Section 104(b)(3) funds are to be used to focus on innovative demonstration and special projects. 
Among the efforts eligible for funding are research, investigations, experiments, training, 
environmental technology demonstrations, surveys, and studies related to the causes, effects, 
extent and prevention of pollution. These activities or projects could fall under one of the 
following 104(b)(3) funding categories as indicated in guidance to the regions. 
 
Department of Ecology   
 
The Washington State Department of Ecology lists tribes as being eligible for the water and 
wastewater financing programs available to utilities.   
 
The Department’s Water Quality Financial Assistance Program sponsors three grant and loan 
programs: the Centennial Clean Water Fund (grant), Federal 319 Programs (grant), and the State 
Revolving Fund Loan (SRF).  Most of the funding goes to wastewater programs.  The Centennial 
Fund grants are available for projects serving 110% of existing capacity (limiting funding of 
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growth) and the SRF is available to fund 20 years of growth (based on Growth Management Act-
compliant comprehensive plans).  SRF loans require establishment of a reserve that can be built 
over the first five years of loan repayment, which begins within one year after the initiation of 
operation or project completion (maximum five years after the first disbursement).  The benefit 
that repayment is delayed until operation or project completion is an important feature of this 
loan option for utility formation. However, the timeline for planning and design loans begins 
once those phases are complete, not when the project construction is complete.  
 
When applying for DOE programs, application materials are considered for all three programs.  
The department awards eligible grants and loans as a package.   
 
Based on the rate impacts presented herein, the financial hardship consideration for the 
Centennial Grant might apply to the Tribe. The affordability factor for utility rates is a 
calculation of 1.5% of the area’s median income.  Any rates that exceed the 1.5% may qualify 
the rate as unaffordable. 
 
DOE offers another program that might be available for the Tribe’s sewering project.  A portion 
of the costs are related to septic tank abandonment and are typically the property owner’s (versus 
the utility’s) responsibility.  DOE offers a program to loan funds to local governments to 
establish local loan funds.  These loan programs should assist individual property owners and 
small commercial enterprises by providing loans for water quality improvement projects.  
Examples listed in the FY 2007 Guidelines - Volume I include lending money to rehabilitate on-
site septic systems.  Although it does not specifically cite septic system abandonment for 
sewering, the private on-site costs might qualify and the Tribe should pursue funds from this 
program to alleviate the cost burden of the portion of financing borne by homeowners and 
businesses. 
 
Public Works Trust Fund   
 
Historically the Public Works Trust Fund (PWTF) has been a commonly applied for and used, 
low-cost revolving-loan fund.  It was established by the 1985 State Legislature to provide 
financial assistance to local governments for public works projects.  Eligible projects have 
included repair, replacement, rehabilitation, reconstruction, or improvement of eligible public 
works systems to meet current standards for existing users.  With recent revisions to the 
program, utility growth-related projects consistent with 20-year projected needs are now eligible.  
However, anticipated revisions to the PWTF program are that total funding of the program will 
continue to be reduced and qualifying projects will be limited to those that provide economic 
benefit, i.e. are growth-related.  Whether PWTF will exist for sewer and water utility funding is 
currently in question; the Washington State Legislature is looking at the option of totally revising 
public works financial assistance programs.  It is possible that this program will be eliminated 
altogether. At this point, PWTF loans continue to be a much sought after source of capital 
construction financing that the Tribe might pursue.   
 
PWTF loans are available at interest rates of 0.5 percent, 1 percent, and 2 percent, with the lower 
interest rates given to applicants who pay a larger share of the total project costs.  The loan 
applicant must pay a minimum of 5 percent towards the project cost to qualify for a 2 percent 
loan, 10 percent for a 1-percent loan, and 15 percent for a 0.5 percent loan.  The useful life of the 
project determines the loan term up to a maximum of 20 years.  Proceeds from other debt, such 
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as state grants and loans, are eligible to be pledged as matching funds.  The Tribe might choose 
to use non-utility Tribal resources for funds matching if it were to pursue a PWTF loan. 
 
The applicant must be a local government and have an approved long-term plan for financing its 
public works needs.  Tribes may access PWTF loans through agreement with a County or special 
purpose District.  The Skokomish Tribe has already entered into an agreement with Mason 
County and Mason County PUD #1 related to a combined effort to secure funding for sewer 
projects in Hoodsport and the two Tribal service areas.     
 
Local governments must compete for PWTF dollars since more funds are requested each year 
than are available.  The Public Works Board evaluates each application and transmits a 
prioritized list of projects to the legislature.  The legislature then indicates its approval by passing 
an appropriation from the Public Works Assistance Account to cover the cost of the approved 
loans.  Once the Governor has signed the appropriations bill into law, the local governments 
receiving the loans are offered a formal loan agreement with the appropriate interest rate and 
term, as determined by the Public Works Board. 
 
PWTF loans are a good option for low-cost financing with the added advantage that loan 
disbursements largely precede project expenditures.  However, loan servicing begins in the year 
following receipt of the loan (beginning with one year of interest only payment), which means 
that for a multi-year construction of a new system, project debt repayment could begin before 
utility operation, and thus also before utility revenues are being generated.   
 
Community Economic Revitalization Board 
 
Managed by the Department of Community Trade and Economic Development (CTED), this 
program provides grants and loans to fund public facilities that result in specific private-sector 
development.  Eligible projects include water, sewer, roads, and bridges.  There are current 
legislative efforts to increase State funding of this program, perhaps with a redesignation of 
PWTF funding similar to what has taken place in 2005 and 2006.  In this case, grants and loans 
for sewer projects with defined economic development benefits might qualify for this type of 
financial assistance.  Federally recognized Indian tribes are eligible for funding.   
 
Federal USDA Rural Utility Services Loans and Grants 
 
The USDA administers the Rural Utilities Services loan and grant program that includes a Water 
Environment Program that targets water and wastewater issues for rural communities, defined as 
having a population of less than 10,000 in a rural area, city or town (includes federally 
recognized Indian tribes).  There is a housing program that might be able to assist individual 
homeowners with loans, or in the case of low-income seniors, grant funds to make needed on-
site improvements. 
 
Public Debt 
 
Revenue bonds are commonly used to fund utility capital improvements.  The bond debt is 
secured by the future revenues of the issuing utility, and the debt obligation or credit lien would 
not extend to other Tribal revenue sources.  With this limited commitment, revenue bonds 
typically require security conditions related to the maintenance of dedicated reserves (a bond 
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reserve) and financial performance (annual bond debt service coverage).  The Tribe must agree 
to satisfy these requirements by ordinance as a condition of a bond sale.  Revenue bonds 
typically bear a premium in market interest rates as compared to general obligation backed bond 
debt. There is no bonding limit, except perhaps the practical limit of a utility’s ability to generate 
sufficient “net revenue” to repay the debt and meet the annual minimum debt service coverage 
test. 
 
One benefit offered by public debt for a utility formation is that revenue bond debt can be 
structured to delay debt service payments until revenues commence, through features such as 
deferred principal maturities and capitalized interest.  Thus, debt service could be delayed until 
the utility is in operation and generating revenues for debt repayment.  
 
CAPITAL FINANCING ASSUMPTIONS USED FOR THE FINANCIAL IMPACT 
FORECAST 
 
The combined funding available toward financing sewer infrastructure in the Potlatch Bubble 
Area, Core Reservation, and Hoodsport potential sewer service areas is summarized in Table 17. 
 

Table 17. Summary of Current Available Funding 

2003 STAG Grant - Hoodsport 667,800$          
2006 STAG Grant - Hoodsport 4,300,000         
Centennial Clean Water Fund Grant 1,000,000         
State Parks - Potlach Grant 1,050,000         
Total Grant Funds Available 7,017,800$        

 
 

While the STAG grants are being restructured and the costs are in development for the service 
areas, the current method of allocating available funding for this planning effort is that half is 
available to Mason County for the Hoodsport sewering project, with the other half available to 
the Tribe toward the Potlatch Bubble and Core Reservation area sewering projects. The 
$3,508,900 (of the total $7,017,800) assumed to be available to the Tribe is then further allocated 
to the Potlatch Bubble and Core Reservation areas based on the current cost estimates used in the 
planning effort.  At this time the Potlatch Bubble costs make up 38% of the total Tribe sewering 
costs, so that $1.35 million in grant funds are available toward funding the Potlatch Bubble area 
sewer infrastructure costs and $2.16 million for the Core Reservation area. 

 
With total Potlatch project costs of $5.89 million (escalated to year of projected spending), $4.5 
million remains to be financed.  With total Core Reservation project costs of $9.6 million 
(escalated to year of projected spending), $7.45 million remains to be financed.   While it is 
recommended that the Tribe pursue first, all grant funds, and second, all low-cost state loans, it 
may not be that either will be secured for the total remaining funding need.  The two forecast 
scenarios for each service area presented herein vary by the use of financing options toward 
funding the system costs identified in this plan. 
 
CAPITAL FINANCING SCENARIOS EVALUATED 
 
The construction of a new sewer utility presents unique financial challenges as compared to 
major projects within an existing utility.  Noted previously was the cash flow challenge of 
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financing and managing completion of a major construction project without an ongoing revenue 
source.  In addition, a new utility directly faces all costs of the initial system with the 
corresponding cost recovery burden.  In contrast, the initial cost of most collection systems is 
imposed on development as it occurs, and is not a cost borne through utility rates.  As a result, 
the projected rates for a new system, if they include such costs, are generally dramatically higher 
than comparable sewer rates in other utilities, and a potential obstacle to public acceptance and 
affordability. 
 
Two scenarios were developed for funding the initial capital costs of the two systems:   
 
Scenario 1 
 
Scenario 1 assumes no additional grant funds will be available toward funding the costs 
presented in this plan.  Costs are financed through the use of the existing earmarked grant in 
conjunction with low-cost state loans (PWTF).  The grants are made available on a 
reimbursement basis, meaning about 60 days of financing must be secured toward the use of 
available grants.  In order to borrow from the PWTF at 0.5% interest, a 15% local match is 
required.  This scenario is structured to show PWTF proceeds available toward the 60-day grant 
financing need, with grant proceeds available toward the PWTF matching requirement.  This 
scenario also assumes no use of other Tribal resources, so that it represents the total average cost 
per ERU that would apply if the Tribe treated the utility as an independent financial entity (as is 
required of non-tribal public utilities).  This also provides the planning level cost basis for 
charging non-Tribal customers of the utility.  It is recommended that all available non-utility 
Tribal funds intended to assist Tribal members with utility rates be targeted at Tribal utility 
customers as a rate class, rather than reducing reasonable unit-cost-based rates for non-Tribal 
utility customers.  This results in the highest rate outcome and that which might create the most 
significant affordability barrier to the project.  The following tables summarize the financing 
assumptions used in Scenario 1. 
 
 

Table 18. Annual Financing Assumptions for Scenario 1- Potlatch Bubble 
2007 2008 2009 Total

Capital Financing Summary

Costs to Finance 501,300$     2,606,760$  2,784,255$  5,892,315$     

Funding Sources
Grant 430,513$     501,989$     417,652$     1,350,154$     
Other Tribal Resources -                   -                   -                   -                     
State Loans 70,787         2,104,771    2,366,603    4,542,161       

501,300$     2,606,760$  2,784,255$  5,892,315$     

Capital Costs in Current Dollars 501,300$     2,506,500$  2,574,200$  5,582,000$      
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Table 19. Annual Financing Assumptions for Scenario 1- Core Reservation 
2007 2008 2009 2010 Total

Capital Financing Summary

Costs to Finance 439,300$       2,741,232$    3,801,175$    2,627,120$    9,608,827$    

Funding Sources
Grant 377,280$       817,101$       570,176$       394,068$       2,158,625$    
Other Tribal Resources -                     -                     -                     -                     -                     
State Loans 62,020           1,924,131      3,230,999      2,233,052      7,450,202      

439,300$       2,741,232$    3,801,175$    2,627,120$    9,608,827$    

Capital Costs in Current Dollars 439,300$      2,635,800$   3,514,400$   2,335,500$   8,925,000$     
 
Scenario 2 
 
Scenario 2 is intended to illustrate the minimum rate outcome to the sewer customers if grants 
were made available for all costs identified in this plan.  The resulting rate would be composed 
of only operating costs, as all capital costs would be funded through grants.  In order to satisfy 
the 60-day financing need for the reimbursement-based grants, other Tribal resources are 
assumed to be made available (about $458,000 for Potlatch Bubble and $625,000 for Core 
Reservation).  If grants were available for the entire cost, upon completion of final 
reimbursements, those funds would then be available to the Tribe again for other use.  The 
following tables show the financing assumptions for Scenario 2 for each service area. 
 
 

Table 20.  Annual Financing Assumptions for Scenario 2 – Potlatch Bubble 
2007 2008 2009 Total

Capital Financing Summary

Costs to Finance 501,300$  2,606,760$  2,784,255$  5,892,315$  

Funding Sources
Grant 418,895$  2,260,657$  2,755,078$  5,434,629$  
Other Tribal Resources* 82,405      346,103       29,177         457,686       
State Loans -               -                   -                   -                   

501,300$  2,606,760$  2,784,255$  5,892,315$  

*Grants are reimbursement-based - assumes 60 day cycle  
 

Table 21.  Annual Financing Assumptions for Scenario 2 – Core Reservation 
2007 2008 2009 2010 Total

Capital Financing Summary

Costs to Finance 439,300$       2,741,232$    3,801,175$    2,627,120$    9,608,827$    

Funding Sources
Grant 367,086$       2,362,832$    3,626,938$    2,627,120$    8,983,976$    
Other Tribal Resources* 72,214           378,400         174,237         -                     624,851         
State Loans -                     -                     -                     -                     -                     

439,300$       2,741,232$    3,801,175$    2,627,120$    9,608,827$    

*Grants are reimbursement-based - assumes 60 day cycle
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ANNUAL REVENUE NEEDS FORECAST (20-YEAR) 
 
The annual revenue needs forecast is comprised of the annual operating cost requirement, annual 
debt service (if any), and any funds collected to establish minimum operating reserve levels.  
These are the items that are included at a minimum level.  There are certain policies related to 
the long-term financial health of operating a utility that should become a part of the annual rate 
revenue needs forecast, such as some reserve toward capital repair and replacement - usually 
based on annual depreciation expense on system assets.  In order to minimize what will be a 
significant financial impact of funding the sewer system at formation, such policies are 
recommended to be phased-in.  The tables presented on the following page summarize the 
annual revenue needs projection and the cost per ERU based on the two scenarios identified 
above.  Costs are summarized as monthly costs per ERU.   
 
Each of the scenarios includes a line for the Target Tribal Monthly Rate.  This is developed 
based on the industry standard of 1.5% of median income as the threshold for utility rate 
affordability.  The 1999 median income for the Skokomish Tribe was $13,300 annually.  The 
monthly equivalent of 1.5% is a 1999 monthly rate of $16.63.  Escalating that amount annually 
at an inflationary assumption of 3% results in a 2011 “affordable” rate of $23.70.  The following 
section in the summaries, titled Other Tribal Revenue Needed for Target Rate, shows the amount 
of revenue that the Tribe would need to appropriate annually toward funding utility costs in order 
to maintain the rate deemed affordable by the 1.5% test.   
 
For example, if the 43 tribal (of 130 total) ERUs in the Potlatch Bubble area paid the $24.41 per 
month rate in 2012 and the non-tribal customers paid the full cost rate, the Tribe would need to 
contribute $162,000 from other Tribal resources in Scenario 1 and $71,000 in Scenario 2 in order 
to meet annual costs.  The average cost per ERU once conversion is complete (2012) is $341 for 
Scenario 1 and $164 for Scenario 2. 
 
For Core Reservation, if all 345 tribal properties paid the $24.41 per month rate in 2012, the 
Tribe would need to contribute $678,000 from other Tribal resources in Scenario 1 and $252,000 
in Scenario 2 in order to meet annual costs.  The average cost per ERU once conversion is 
complete (2012-after all 345 conversions) is $188 and in Scenario 2 is $85. 
 
The minimum affordable rate for potential non-Tribal member Mason County rate-payers is 
projected to be $66 in 2011, also lower than the projected average cost per ERU in these 
scenarios.   
 

 
 
 
 
 
 
 
 
 



  
 

06-33  Page 9-11  WW Plan Amendment 
July 2007 Financial Analysis - Potlach Bubble and Core Reservation Areas Skokomish Indian Tribe 
 

 
Potlatch Bubble 

 
Table 22.  Annual Financial Impact Summary Scenario 1 – Potlatch Bubble 

Annual Revenue Needs Summary 2007 2008 2009 2010 2011 2012 2017 2023 2027

Non-Capital Costs
Salaries and Benefits -$                 -$                 -$                 183,040$        188,531$        194,187$        225,116$       268,800$       302,537$        
Annual Materials and Parts -                   -                   -                   35,731            36,803            37,907            43,945           52,472           59,058            
Annual Admin Costs -                   -                   -                   8,000              8,240              8,487              9,839             11,748           13,223            
Build-up of Reserves -                   -                   -                   18,639            559                 576                 -                     -                     -                     

-$                 -$                 -$                 245,410$        234,133$        241,157$        278,900$       333,021$       374,818$        

Debt Service 
State Loans -$                 -$                 10,878$       261,772$        260,577$        259,381$        253,405$       246,233$       241,452$        

Operating Reserve Interest Earnings -$                 -$                 -$                 -$                   746$               768$               1,335$           1,594$           1,594$            

Net Annual Costs -$                 -$                 10,878$       507,182$        493,964$        499,771$        530,969$       577,659$       614,675$        

ERU Basis 70 73 122 137 143 143

Monthly Rate $603.79 $563.89 $341.37 $322.97 $336.63 $358.20

Target Tribal Member Monthly Rate $0.00 $23.01 $23.70 $24.41 $28.30 $33.80 $38.04
(set to 1.5% of annually escalated median income)

Other Tribal Revenue Needed for Target Rate 10,878$       167,263$        175,019$        161,649$        203,323$       230,761$       243,966$        
* 2009 revenue to support debt service before existence of a rate-base - annual total based on ERUs excluding non-tribal customers  

 
 

Table 23.  Annual Financial Impact Summary Scenario 2 – Potlatch Bubble 
Annual Revenue Needs Summary 2007 2008 2009 2010 2011 2012 2017 2022 2027

Non-Capital Costs
Salaries and Benefits 0$             0$                0$                183,040$     188,531$    194,187$    225,116$     260,971$     302,537$    
Annual Materials and Parts -               -                   -                   35,731         36,803        37,907        43,945         50,944         59,058        
Annual Admin Costs -               -                   -                   8,000           8,240          8,487          9,839           11,406         13,223        
Build-up of Reserves -               -                   -                   18,639         559             576             -                  -                   -                 

0$             0$                0$                245,410$     234,133$    241,157$    278,900$     323,321$     374,818$    

Debt Service 
State Loans -$             -$                 -$                 -$                 -$                -$                -$                -$                 -$               

Operating Reserve Interest Earnings -$             -$                 -$                 -$                 746$           768$           1,335$         1,548$         1,795$        

Net Annual Costs 0$             0$                0$                245,410$     233,388$    240,389$    277,564$     321,773$     373,023$    

ERU Basis 70 73 122 137 143 143

Monthly Rate -$         -$            -$            292.15$      266.42$     164.20$     168.83$     187.51$      217.38$     

Target Tribal Member Monthly Rate $0.00 $23.01 $23.70 24.41$       28.30$       32.81$        38.04$       
(set to 1.5% of annually escalated median income)

Other Tribal Revenue Needed for Target Rate 0$                77,513$       78,642$      71,291$      96,967$       117,883$     136,659$     
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Core Reservation 
 

Table 24.  Annual Financial Impact Summary Scenario 1 – Core Reservation 
Annual Revenue Needs Summary 2007 2008 2009 2010 2011 2012 2017 2022 2027

Non-Capital Costs
Salaries and Benefits -$                   -$                   -$                   -$                   274,560$       282,797$      327,839$       380,055$       440,588$       
Annual Materials and Part -                     -                     -                     -                     57,110           58,823         68,192           79,054           91,645           
Annual Admin Costs -                     -                     -                     -                     12,000           12,360         14,329           16,611           19,256           
Build-up of Reserves -                     -                     -                     -                     28,247           -                   982                1,139             1,320             

-$                   -$                   -$                   -$                   371,917$       353,980$      411,342$       476,858$       552,810$       

Debt Service 
State Loans -$                   -$                   9,931$           311,838$       427,994$       426,033$      416,230$       406,428$       396,625$       

Operating Reserve Interest Earning -$                   -$                   -$                   -$                   -$                   1,130$          1,310$           1,518$           1,760$           

Net Annual Rate Revenue Need -$                   -$                   9,931$           311,838$       799,911$       778,884$      826,263$       881,768$       947,674$       

ERU Basis 276 345 345 345 345

Monthly Rate $241.52 $188.14 $199.58 $212.99 $228.91

Target Tribal Member Monthly Rate $0.00 $0.00 $23.70 $24.41 $28.30 $32.81 $38.04
(set to 1.5% of annually escalated median income)

Other Tribal Revenue Needed for Target Rate 9,931$           311,838$       721,406$       677,808$       709,089$       745,931$       790,202$       
* 2009 and 2010 revenue to support debt service before existence of a rate-base - there are no non-tribal Core Reservation ERUs  

 
Table 25.  Annual Financial Impact Summary Scenario 2 – Core Reservation 

Annual Revenue Needs Summary 2007 2008 2009 2010 2011 2012 2017 2022 2027

Non-Capital Costs
Salaries and Benefits 0$                  0$                  0$                  0$                  274,560$       282,797$      327,839$       380,055$       440,588$       
Annual Materials and Parts -                     -                     -                     -                     57,110           58,823         68,192           79,054           91,645           
Annual Admin Costs -                     -                     -                     -                     12,000           12,360         14,329           16,611           19,256           
Build-up of Reserves -                     -                     -                     -                     28,247           -                   -                    -                     -                     

0$                  0$                  0$                  0$                  371,917$       353,980$      410,360$       475,720$       551,489$       

Debt Service 
State Loans -$                   -$                   -$                   0$                  0$                  0$                 0$                  0$                  0$                  

Operating Reserve Interest Earnings -$                   -$                   -$                   -$                   0$                  1,130$          1,965$           2,084$           2,084$           

Net Annual Rate Revenue Need 0$                  0$                  0$                  0$                  371,917$       352,850$      408,395$       473,635$       549,405$       

ERU Basis 276 345 345 345 345

Monthly Rate -$              -$              -$              0.00$            112.29$        85.23$          98.65$         114.40$        132.71$        

Target Tribal Member Monthly Rate $23.70 24.41$          28.30$         32.81$          38.04$          
(set to 1.5% of annually escalated median income)

Other Tribal Revenue Needed for Target Rate 0$                  0$                  293,412$       251,775$       291,221$       337,798$       391,933$        
 
 

As indicated in the summaries, the projected average cost per ERU significantly exceeds the 
affordability threshold. These rates are calculated assuming an “enterprise fund concept”, 
meaning that the sewer utility will fully fund its costs with user rates. In order to bring rates 
down closer in line with the rates indicated by the affordability test, the Tribe would need to 
dedicate non-utility Tribal resources to help fund annual utility costs. 
 
LIST OF ASSUMPTIONS USED IN THE REVENUE NEEDS PROJECTION 
 
The financial forecast is based on numerous assumptions related to costs, financing and customer 
base.  In general, the extent and impact of those assumptions are greater than for improvements 
serving an existing utility, where existing costs and revenues dampen such effects.  The key 
assumptions used in the forecast of costs and rates include: 
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• Capital Construction Costs  As defined in Section 1 
• Annual Operating Costs   PB $226,771, CR $343,670 first year of operation    
• Capital Reinvestment Recommended to be phased in once affordable rate 

levels are established    
• PWTF        0.5% 20 years (15% matching) 
• General Cost Inflation    3% annually 
• Construction Cost Inflation  4% annually 
• Growth       *See ERU section 
• Operating Reserve     Funded to 30 days of annual expenses 

 
CAPITAL FACILITIES CHARGE 
 
A Capital Facilities Charge (CFC) is calculated to determine the pro-rata share of costs that a 
new connection to a utility should pay in order to buy-in to ownership of capacity in the system.  
 
CFCs are a form of connection charge imposed on new customers connecting to the system as a 
condition of service, in addition to any other costs incurred to connect the customer.  Typically, 
the basis for the CFC is the capital cost a utility will incur or has incurred to provide the system.  
In the case of utility formation, there are no existing costs and it is based entirely on the facility 
costs identified in order to construct the infrastructure necessary to provide sewer service.  The 
capital costs identified in this plan and referenced in this section, along with the capacity 
provided by those improvements, provide the basis for the CFC calculation. 
 
Capacity units for calculating the CFC are commonly expressed in equivalent residential units, or 
ERUs, based on the typical sewage flow generated by a single family home (1 ERU).  For any 
other development seeking to connect to the system, estimated flow contribution is used to 
determine a number of ERUs being served, which is then used to determine the level of CFC 
attributable to the customer. The CFC calculation is then, the total capital costs divided by the 
total capacity being designed, expressed on an ERU basis.   
 
It is worth noting that although a CFC has been calculated for this plan, the unique circumstance 
of utility formation where the customer base already exists (as opposed to new development) 
imposes practical limits on application of the charge.  Existing development at utility start-up 
would not then be charged a CFC, but instead bear their share of capital costs through rates or 
other charges in order to amortize those costs.  The CFC remains potentially applicable for new 
development (rather than conversion of existing development), and remains a valuable 
benchmark for determining the level of investment being incurred to provide service. 
 
The following tables summarize the CFC calculation.  Under Scenario 1, an average cost of 
$29,272 per ERU is incurred in the Potlatch Bubble and $19,210 in the Core Reservation, net of 
currently available grants, to provide sewer service to the potential service areas.  In Scenario 2, 
CFCs are not applicable since all infrastructure is assumed to be grant-funded. 
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Table 26.  Capital Facilities Charge Calculation- Potlatch Bubble 
Capital Facilities (Connection) Charge (CFC)
Cost Basis
CAPITAL PLAN

Total Future Projects 5,536,000$       

less:  Grants and Contributions (1,350,154)        

TOTAL FUTURE COST BASIS 4,185,846$       

Customer Base ERUs

Existing Equivalent Residential Units 70                     

ERU Capacity Remaining 73                     

TOTAL CUSTOMER BASE 143                   

Resulting Charge Total

Total Cost Basis 4,185,846$       

Total Customer Base 143                   

TOTAL CHARGE PER ERU 29,272$             
 

Table 27.  Capital Facilities Charge Calculation- Core Reservation 

Capital Facilities (Connection) Charge (CFC)
Cost Basis
CAPITAL PLAN

Total Future Projects 8,786,000$       

less:  Grants and Contributions (2,158,625)        

TOTAL FUTURE COST BASIS 6,627,375$       

Customer Base ERUs

Existing Equivalent Residential Units 276                   

ERU Capacity Remaining 69                     

TOTAL CUSTOMER BASE 345                   

Resulting Charge Total

Total Cost Basis 6,627,375$       

Total Customer Base 345                   

TOTAL CHARGE PER ERU 19,210$             
 

LIST OF UTILITY FORMATION FINANCIAL ISSUES TO CONSIDER  
 
The formation of a new sewer utility poses unique financial and administrative challenges that 
require careful planning and execution.  While this plan cannot definitively address all of those 
issues, it is prudent to identify key issues and concerns to be addressed as a financial action plan 
is assembled and undertaken.  Those issues include: 
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Start-up Cash Flow Management 
 
As a new utility, no operating revenues will be generated until after project completion and start-
up.  Further, typical cycles of billing and receipting are likely to require several months of 
operation before material revenues can support ongoing activities.  This poses several 
challenges: 
 

• Some assistance sources, such as the Centennial fund, provide assistance through 
reimbursement after expenses are incurred.  The project must therefore have a source of 
cash flow to fund expenses until reimbursed. 

• Some assistance sources, such as the STAG grants, require matching funds which may be 
sufficient through use of state resources. 

• Some sources, such as PWTF, impose debt repayment schedules based on when draws 
occur.  Thus, material debt repayment could be required before the project is completed.   

• Assuming issuance of debt, repayment during the first year of operation will be according 
to a specific schedule, such as PWTF payments which occur annually in June.  
Depending on when operations commence and the total lead time until debt service 
payments are due, there might be inadequate time to accumulate initial payments from 
rates. 

 
Customer Costs to Connect to the System 
 
In addition to the construction cost of the public system, developed or developing properties will 
incur costs to retire or decommission existing septic systems and to connect to the public sewer 
system.  Such costs are often directly borne by the developed properties, although there may be 
the possibility of extending assistance or funding programs for these costs.  Due to limitations on 
the allowed use of public funds for private purpose or benefit, any assistance or funding program 
should be developed with careful attention to satisfying requirements and restrictions on use of 
funds. 
 
Regulating Interim Development 
 
A related issue for a newly forming utility relates to development occurring during the 
construction of the utility system.  The Tribe might consider interim development rules as related 
to wastewater that allow for temporary facilities in anticipation of the sewer system.  For 
example, holding tanks and truckage of wastewater might be a viable short-term alternative as 
compared to installing a new onsite disposal system, only to be abandoned upon completion of 
the sewer utility.  Such a transition strategy could allow ongoing development while reasonably 
mitigating or avoiding duplicative costs. 
 
Development of Financial Administrative System 
 
A new utility often does not have the benefit of an existing administrative infrastructure to 
support its day to day financial activities.  The Tribe has a water utility, although it has been 
communicated that the water utility does not have sufficient administrative infrastructure in 
place. The Tribe would likely establish a sewer administrative infrastructure to springboard an 
effort to establish a structure that would effectively manage both the potential sewer utility and 
existing water utility.   
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The primary challenges for the new utility will be the development of a customer data base, 
establishment of rates and charges, and evaluation and application of appropriate policies related 
to the management, operation, and extension of the system.  Without any statutory requirements, 
a significant effort at developing self-regulating rules and policies might be guided by existing 
statutory requirements from public utilities as well as organizations such as the Native American 
Water Association and other tribes with sewer utility experience. 
 
RECOMMENDED FINANCIAL STRATEGY  
 
At this point in the planning process, the financial plan relates to basic elements of funding, cost 
recovery and administration.  The intent is to structure and quantify the basic financial 
relationships resulting from the planned project.  More detailed financial programs would be 
developed as the project moves forward. 
 
The recommended financial strategy focuses on two areas of activity: pursuit of project funding 
assistance and development of a cost recovery system.  Toward this end, it is recommended that 
the Tribe: 
 

• Pursue all available grant funds and low-cost loans.  A schedule of application cycles and 
deadlines should be consulted to guide such activities. 

• Develop and undertake a utility formation process that considers and evaluates utility 
formation issues and options and assembles a cohesive policy package for developing the 
utility.  Define a schedule or timeline for activities related to completion of a financial 
administrative and policy structure for the new utility.  Continue to refine the financial 
forecast as cost estimates become better defined, financing is secured, and guiding 
policies are codified. 

• Develop sound financial policies addressing utility reserves, capital improvement and 
replacement funding, debt policies, rate equity, financial administration, and rate equity 
objectives. 

• Establish and adopt appropriate Tribal code to implement a system of rates and charges 
and execute the financial management of the utility. 
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  Appendix A 
 Maps of Water Quality Limited Streams, Well Locations, Failing Septic Systems 
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  Appendix B 
 Wastewater Planning Assumptions, Technical Memo (2006)  
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DRAFT WASTEWATER PLANNING ASSUMPTIONS 

FOR CORE RESERVATION AND POTLATCH BUBBLE 

  12/8/06 

 Population 

1. Population will grow at approximately 1-2 % per year according to Mason 
County state and tribal census; according to tribal administration, the 
anticipated growth rate will be 2% annually (see spreadsheet with number 
of households/current population estimates).  

2. There is a waiting list for housing on the reservation 111 families. 

 There has been an increase in younger population with higher household size due to 
more families with children and extended multi-generational families (assume 4.16 
people per household). 

 Land Use 

1. 1977 Draft Land Use Plan, but no current comprehensive plan 
(comprehensive master plan for entire Reservation is in progress—on fast 
track/simultaneous to the wastewater development plan)  

2. Moving the Tribal Center to the WSDOT site has been discussed as 
possible opportunity in 2008+ (tribal government employment at the 
Tribal Center is anticipated to double in 5 years to about 200). Assume a 
major building and several small buildings and treatment facility at the 
site. 

3. Consider footprint of the MBR facility at the DOT site and potential 
neighbor impacts 

4. Treatment plant has “first dibs” on the WSDOT site. 

5. If above takes place, consider possible alternative uses for the lower 
reservation (many options are being evaluated). 

6. Continuing upland residential opportunities primarily in tribal village site 
(138 homes in new housing development within 15 years—also at new 
housing site will be community use facilities) 

7. New residential development will not occur in the floodplain except 
remodels  
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8. East side of 101 portion of Minerva Beach will remain the same for  
approx 10 years 

9. West side of Minerva Beach will be modified by State Parks over 2-3 (3-
5?) years according to a yet-to–be developed comprehensive plan  

 
 Commercial and Economic Development 

1. Substantial economic development will occur primarily at the intersection 
of Highway 101 and Highway 106.  This will be more economic 
development than commercial services. 

2. Only 6 +/- acres of the 51 at the intersection of 101 and 106 in service area 
H are developable.   

3. Additional economic opportunities are the west side of 101 and perhaps 
WSDOT site…..potential for other sites immediately north of Potlatch 
currently in fee status 

4. At least four new businesses are anticipated within 20 years (2 large-scale, 
2 moderate-scale) 

5. The load capacity at the Casino will quadruple within 5 years. 

 

 Service Areas 

1. Wastewater service will not be planned for the Sunnyside area (service 
area K) UNLESS a site specific cluster system outside of these planning 
efforts 

2. Wastewater service will not be planned for Area I. 

3. Area G –there is economic development potential on both sides of 101.  
Want to be able to serve with sewer. 

4. The east side of 106, south of the intersection will have sewer service in 
Area J. The area is planned to have a community center, Boys and Girls 
Club.  Assume 50 staff and visitors. 

5. The Area E service area for the Potlatch Bubble will be planned to go to 
the north boundary of the Reservation 
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 Wastewater Treatment Areas, Treatment Sites and Methods, Effluent Disposal 

1. Assume we will carry 2 options for the planning: two separate facilities for 
Potlatch and the Core Reservation, and one facility for Potlatch and the 
Core. 

2. There are several options for sewage treatment for the Potlatch State Park, 
Minerva Beach and some of the nearby residential and commercial  areas 
(within maybe a half mile north of the northern State Park boundary.as per 
the service area above which could include Waterfront at  Potlatch, PUD, 
Womens Clubs, Potlatch Power Plant 

3. Consider treatment options that produce Class A reclaimed water;  

4. Evaluate treatment and disposal options in terms of opportunities to use 
effluent for economic benefit (forest treatments et.al., using 
dry/intermittent streambed for disposal, creating catch wetland/lake). 

5. The new treatment facilities are to be low visibility and should meet high 
air quality standards (new FARR guidelines per EPA) 

6. The southwest corner of the WSDOT site (14 acres) is the focus of 
planning for a Treatment Facility.  This planning effort will focus on the 
back part of the DOT site at tow of slope. 

7. No direct surface marine discharge will be allowed 

8. Upland discharge (spray irrigation) of treated Wastewater should be 
studied along with wetland disposal in new and/ or constructed wetlands 
and infiltration 

9. First phase of new homes in the new residential housing project (20 
homes)will be clustered with an onsite system or use Potlatch 
Park/Minerva drainfield in newly acquired area  with ability at a later date 
to  drain down to the lowland portion of the Potlatch Bubble where the 
waste from those homes will be treated either at some type of community 
on-site system or at a sewer treatment facility 

10. As new housing is built, provide for the ability to easily connect new 
houses to the sewer system – sooner or later   

11. Some new method of managing wastewater will need to be available as 
the new homes on the reservation come along by Fall 2008  



 4

12.  Any future new resort/casino development on the upland area  (Simpson / 
Green Diamond parcels on Rez) would have self-contained wastewater 
treatment, and should not be included for these planning efforts. 

 

 Phasing of Growth and  Sewer Service 

1. Projected residential growth follows housing policy workgroup goals 
(Growth rate for new residential area includes 138 homes in three 
phases over 15 years with anticipated overall Reservation annual 
population growth rates of 2%) 

2. Opportunities exist for expanded commercial development in service 
areas 2 and 3 by the Tribe along owned and newly acquired properties 
INCLUDING Twin Totems, Lucky Dog Casino and Hood Canal 
School #404.  As the Tribe provides water and wastewater support, 
non –tribal owned entities can be tie into tribal system(s), thru 
incentives, ordinances, codes (Mason County reciprocal connection.) 

Utility and rate structure(s) can be tasked from the planning effort to 
provide certain financial assumptions in levys, pay-back debt-servicing. 

 

 

 

 

 
 
 
 
 



  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Appendix C 
 Population Estimates, 1998 Facility Plan 
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FACILITIES PRESENTLY OCCOPIED: 
Tribal Center 
51 staff, daily use, 7:30am to 5:00pm 
20 users per day 
Aotivities-
Headstart 40 kids M-Th,.Sept.-May 
Evergreen 10 people M-Tues. Sept.-May, evenings 
Collllllittee and misc. meetings 360 people per month 

Smoke shop 
2 staff and 10 clients :per day 

... Fj §heries 

10 staff and 5-10 visi·tors per day 

·Gym 
20 users per week fall through spring 
40 users per day SUID!ller 

Majntenance shqp 
6 staff 

Shaker Cb11rqb 
30-40 users per week 

Twin Totems 
11 employees 

100 users per day • .,;Mr'lltllW 1"50/d.i.y 

l W4 

FUTURE FACILITIES PLANNED: 
Trjbal Center 
25 staff 
5 visitors per day 
200 users per month for misc. meetings 

Smoke shop 
3 staff 
5 clients per day 

Health CJ jnc 
14 staff 
5,000 clients per year 
360 users per month in the Conference room 

Firehal l 
8 staff 
10 clients per day 
150 users per month in meeting room 

Twin To~ems Expapsjqn 
16 staff I !::$0 • 2...PP7!il.Af 
Laundromat/video store 
5 staff 
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INTRODUCTION AND SCOPE 

!EXPIRES JULY 03 , 

This technical memorandum summarizes the property assessment that was completed by 
Cascade Design Professionals, Inc. whereby site utilities (water and sanitary sewer) were 
examined in the field and assessed for continued use to serve the site needs, both current 
and future of Potlatch State Park. The purpose of the assessment was to determine the 
current condition of the water and sewer systems, and develop a rough understanding of 
needed improvements for Potlatch State Park 

Site Location 

Potlatch State Park is located at 21020 NUS Highway 101, Shelton, Washington 98584-9784. 
The "Day Use" portion of the park is located on the east side of Highway 101 at the 
southern end of Hood Canal. The campground portion of the park is located on the west 
side of Highway 101. See site location map below (Figure 1). 
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Figure 1: Site location map for Potlatch State Park. 

Field Investigation 

Mr. Herb Fricke, P.E., Bob Bushnell, Certified Waste Water Treatment Plant Operator, and 
John Gray, Registered Geologist conducted a field investigation of the water and sanitary 
sewer systems on September 28, 2006. 

General Park Sanitary and Water Systems Description and Findings 

Sanitary Sewer System: There are five components to the sanitary system. 

Area One is the "day use" toilet. 
The facilities drain into a septic tank on the north side of the building. This septic tank is 
made up of one chamber with a "downtumed" elbow. Effluent from the septic tank flows 
to a wetwell, with pumps, located adjacent to the septic tank. This wetwell is circular in 
shape with a diameter of 4 feet and a total depth of 8 feet. The effective depth, between 
pump-on and pump-off is approximately 4 feet. The two pumps showed a model number 
of lOOSIOSHHF and are driven by Franklin Electric~ hp, 115 V, single-phase motors. One 
pump was not operating and when pulled would not rotate even when "bumped". The 
other pump appeared to be operating effectively. Effluent from this site is pumped to a 
septic tank located on the west side of Highway 101 near the RV Dump Station. 

Area Two is the RV Dump Station and main pump station area. 
It is located on the west side of Highway 101 just north of the main entrance to the park. 
The RV dump station piping connects to a dump tank. This concrete tank is rectangular in 
shape, 12 feet wide by 19 feet long by 7.5 feet in depth for an effective capacity of 10,000 
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gallons. This tank is divided into two chambers with the chambers separated by a concrete 
baffle wall. The effluent from the second chamber flows through a bio-tube filter and into 
the main pump station wetwell. The filter appeared to be clean and functioning as 
designed. 

A second tank, with a single chamber, located east of the pump station receives effluent 
from the east side of Highway 101. This concrete tank is 14 feet square and 9.5 feet in depth. 
The effective depth is 6.67 feet for a capacity of approximately 9,800 gallons. Effluent from 
this tank flows to the main pump station wetwell. 

The main pump station wetwell is a 48-inch diameter flattop manhole, 11 feet in depth w ith 
a pump-on depth of 4 feet from the rim for an effective depth of approximately 6 feet to the 
pump-off level. The capacity is therefore 564 gallons. Based on a calculated maximum 
inflow from all areas of the park, the pumps would operate once every hour and 26 minutes 
during periods of peak flow. The submersible pumps are identical and powered by 1-1 /2 
hp, 230 volt, single-phase motors. The pumps were not pulled, for further inspection, as the 
presence of a gate valve in the force main was not apparent. Upon inspection of the control 
panel, it was determined that one of the exterior alarm lights was not working. 

Area Three is located at the north end of the campground area on the west side of Highway 
101. The septic tank adjacent to the restroom was not inspected by direction of WSPRC 
Project Manager. The effluent from this area flows to the RV dump tank via gravity 
according to drawings provided by WSPRC. 

Area Four is located on the east side of Highway 101 adjacent to the WSPRC maintenance 
shop building. From drawings provided by WSPRC, it appears as though the effluent from 
the septic tank at the shop building flows, via gravity, to a small pump station in a tank 
adjacent to the Park Ranger office. The size and condition of the septic tank at the 
maintenance shop was not determined by direction of the WSPRC Project Manager. 

Area Five is located at the Park Ranger office on the east side of Highway 101. From 
drawings provided by WSPRC, it appears as though this system consists of a septic tank 
and small pump station. Neither feature was inspected as per direction from the WSPRC 
Project Manager. From drawings provided by WSPRC it appears as though effluent is 
pumped from this station to the 14 x 14 septic tank near the Main Pump Station. 

Effluent from the Main Pump Station is pumped from Area Two to a drainfield located up 
hill and west of the Main Pump Station. The drainfield is comprised of three separate fields, 
each 40 feet in width with two fields 150 feet in length and one field 125 feet in length. 
One test pit was dug adjacent to the drainfields to a depth of 8 feet meeting the 
requirements of the Washington Department of Health. The subsurface soils were classified 
as Type lB to minus 6 feet and Type l A from 6 feet to 8 feet in depth. See the attached 
Geological Report for more information. 

All five areas with approximate locations of connecting piping and the location of the 
drainfield with piping to the pump station are shown on the attached Figure 1: Utilities 
Map. 
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Effluent from the Day Use Septic Tank was sampled by Mr. Fricke and tested by the Water 
Management Laboratories, Inc. facility in Tacoma. The test results are attached to this 
report. 

Assessment of Present Demands/Needs 
Based on discussions with the WSPRC, it is understood that the main objective was to 
evaluate the condition of existing facilities and determine if they are adequate for pumping 
and disp osal of current and future flows. We assessed the condition of the existing utilities; 
identified basic capacities, and determined potential limitations. 

It is also understood that if and when purchased, the Minerva Beach property will continue 
to be served by the existing septic tank/ drainfield system or sewage could be conveyed to 
Potlatch State Park for treatment in the parks septic tank/ drainfield system . In general, it is 
WSPRC's goal to eliminate existing drainfields within the public areas of the park, which 
the existing Minerva system will be in, if the property becomes part of the park. See a 
separate report concerning the Minerva property. 

Based on the current layout of the park the maximum population that could be served by 
the park is estimated to be 178 users per day (Table 1). This p opulation would generate 
about 9,405 gallons of wastewater per day (gpd). Based on this value of potential flow, the 
8500 gpd calculated drainfield capacity would be exceeded by 900 gpd . When the current 
estimated drainfield percolation rate of 0.5 gal/ sf/ day is applied, it is estimated that 1,800 sf 
of additional drainfield surface is necessary. 

Table 1 
Sewage Use and Drainfield Capacity 

Number of Population Usage Per Quantity 
Description Sites per Site Capita Unit (gpd) 

(gal/unit) 

Picnic 20 5 5 500 

Campground 
w/Central Comfort 19 5 35 Person 3325 

Station 

RV Pump 18 2 50 RV 1800 

Utility Spaces 18 2.5 80 Person 3600 

Ranger's 
Residence/Park 1 2 90 Person 180 
Office and Shop 

Total 278 9405 
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Conclusions and Recommendations 

Conclusions 

1. All of the septic tanks inspected where found to be in generally good condition, with 
coatings intact and without significant corrosion. Exfiltration or infiltration was not 
observed in any of the tanks indicating good structural integrity. 

2. It has been determined that the Potlatch State Park drainfield is in need of expansion 
due to the fact that the current flow into the existing drainfield exceeds its capacity. 
This expansion will need to include the replacement of the existing distribution 
valve to accommodate a fourth drainfield. We recommend the installation of 
monitoring wells to comply with Washington State Department of Health Standards. 

3. The faulty exterior alarm light on pump 1 at the Main pump station needs to be 
replaced. 

4. Repair or replace pump #1 at the day use area pump station. 

5. Verify existence of a check valve in the immediate vicinity of the Main Pump Station 
and, if one does not exist, install a check valve on the force main to preclude back­
flow if and when the pumps need to be disconnected and pulled for maintenance or 
replacement. 

6. Reroute the force main in the road from the edge of the park area to the drainfield 
due to future reconstruction of the road leading to the Tribal land to the west. This 
work needs to be coordinated with the Skokomish Tribal Planning office. 

Design Considerations 

Final design for the non-maintenance items previously addressed can be initiated quickly; 
however, additional information is needed before design can proceed: 

• Locate and conduct a topographic survey of a site for potential expansion of the 
existing drainfield. 

• Design the additional drainfield and valve system. 
• Install monitoring wells around the perimeter of the drainfield (see attached figure 

from the Geotechnical and Geological Findings Report, G2 Associates, Inc.). 
• Design a new route for the force main to the drainfield after coordination with the 

Skokomish Tribal Planning office. 

Cost Estimate Summary 

Upon careful consideration, we have estimated the cost of recommendations to be as 
follows: 
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• Main park drainfield expansion: Approximately $5.00 per square foot for a total of 
$30,000.00. (Based on previous work completed). 

• Replacement of distribution valve: Approximately $2,000.00 (Based on both 
manufaturer's cost and current labor market value). 

• Installation of monitoring wells: Approximately $6,000.00 (Based on 20 ft depth hole 
auger and casing costs). 

• Pump 1 alarm light replacement: Approximately $150.00 (Based on manufacturer's 
cost). 

• Pump 1 replacement: Approximately $1,000.00 (Based on both manufaturer's cost 
and current labor market value). 

• Relocation of the force main to the drainfield area: approximately 1,500 linear feet at 
$30.00 per foot for a total of $45,000.00 

• Engineering design: Approximately $15,000.00 (Based on current market value). 
• Administration and Contingency Costs: $25,000.00 

Total estimated cost: $124,150.00 

Attachments or Enclosures: 

Table 1: Daily flow of Effluent vs. Capacity of Drainfields 
Figure 1: Utilities Map 
Geotechnical and Geological Findings 
Results of analysis of two wastewater samples 
Photos 
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- - - ., .-·- -,, 

Population Park 
Usage per 

*Pumped 
Description Number of Sites Capita Unit Quantity 

per Site Population 
laallunltl 

Flow (Q) Drainfield Calculations 

Picnic 20 5 100 5 500 OF Width Length Area 1Capacitv 

Campground w/Central 
19 5 95 35 Person 3325 

Comfort Station 
A 40 150 6000 3000 

RV Dump 18 2 36 50 RV 1800 B 40 150 6000 3000 
Utility Spaces 18 2.5 45 80 Person 3600 c 40 125 5000 2500 

Rangers 
Residence/Park Office 1 2 2 90 Person 180 17000 8500 

and Shop 
Total 278 9405 

• Confirm with fixture count 

Assumptions: 
Engineered Fine Sand in Drainfield gives 0.5 gal/sf/day 

Total Area of Drainfield= 17000 sf 

'Drainfield Capacity= 8500 gpd 

Quantity-Capacity= 905 gpd 

Additional Area Needed=(Ouan.-Cap.)/(0.5 gal/sf/day)= 1810 additional area (sf) 
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G2 ASSOCIATES INC. 503-292-7939 

GEOLOGY• SOILS• ENVIRONMENTAL• DEVELOP:rvfENT 

October 13, 2006 

Washington State Parks and Recreation Department 
C/O Cascade Design Professionals, LLC 
2780 SE Harrison Street 
Milwaukie, OR 97222 

RE: Geotechnical and Geological Findings 
Potlach State Park Septic Treatment Drain Fields 
Highway 101 , North of Shelton 
Mason County, WA 

This report follows our collaborative trip on September 28, 2006, and the related 
inspections of various components of the existing parkJands, the existing septic filtration 
systems and the subsurface geology. This project not only required evaluation of the 
formal park grounds, but also adjacent geology on the hilltop to the south, and the 
geology and functioning drain fields located on the private property just north of this 
park. Those grounds have been referred to as "Minerva" and have functioned for a 
number of years as a private trailer park facility. These efforts at Minerva and the land 
south of the park are part of a means for evaluation for a potential land trade. 

The park is reportedly a well-used public facility to possibly be upgraded in the near 
future where needed and practicable for the public benefit. The purpose of this report is 
to summarize the observations of a professional conversant in soils, geology and 
engineering based factors that attend the development and modification of land for 
human-based uses. All field work conducted during this contract was monitored by this 
writer, whom is a Washington Licensed Geologist, an Oregon Registered Geologist, and 
an Oregon Engineering Geologist with over 30 years of expertise in these and other 
related technical specializations. Following are our -observations, comments and 
conclusions for the design engineering needs on this project. 

REGIONAL GEOLOGICAL SETTING 

Potlach State Park is located on one of many located along the water front of the 
peninsulas that form the inland waterways, islands, ridges and Puget Sound waterway 
system. The sound is a very geologically complex basin, with subduction zones and 
sediment filled structural features masking the collision of oceanic and continental 
margin plates. Regional continental glaciation covered, scoured and reshaped the surface 
of the area, grinding granitic rocks and their associated types to rock dust, sand and 
rounded gravel deposits, and forming the pebbly beach materials noted throughout this 
park and along the waterfront across the road. Huge volumes of glacial till deposits (silt, 
sand and gravel) were naturally processed and washed out by ice glaciers forming 

300 NE Multnomah St. • Portland OR. • 97232 
Mailing Address: P.O. Box 220 Gresham, OR • 97030 
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islands, while other ridges and lowlands were the eroded core remains of bedrock 
formations. Glacial activities also formed many of the regional ridges in the distance, 
carved out water collection basins and lakes, and have been credited with the shaping of 
berms, mounds, drumlins and other features as far south as Centralia, Washington. 

Local geologic observations included the nature of sands, rounded granitic pebbles and 
the general deposits that remain on the surface in this area. Five backhoe test pit 
explorations were conducted at key locations within the perimeters of trailer sites, and 
known drain fields to assess the current conditions of both the soil section and the 
existing drain fields. For the client's benefit, those units have basicaJJy been discussed 
within this report, rather than in the traditional and more technical manner of tabular 
documentation. 

TEST EXPLORATION LOCATIONS 

As noted above, this project included the performance of five backhoe test pit 
explorations at the Minerva and south drain field sites as directed. The location of those 
test sites are depicted on the attached location map, reduced from the actual project plans 
for your ease of reference in evaluating this project. 

GROUNDWATER ENCOUNTERS 

We noted no active groundwater during the performance of these test explorations, or 
evidence within the soil section of seasonal standing water. The uppermost soil layer 
found over this site consisted of silty fine sand averaged 6 to 18 inches in maximum 
thickness. This upper zone included a forest duff zone of decayed wood, occasional 
boulders and some man-made crushed rock materials depending on the area investigated. 
This zone is apparently filtering rainfall water and aids in its filtration away from the 
higher ground, and in a generally easterly direction from all test sites. We have found no 
indication that ponding water or active groundwater levels rise within these soils to 
impede the performance of the operational systems. 

UNDERSTANDING THE OPERA TING SYSTEMS 

The functional systems of the existing park faci lity will be addressed under another 
cover, by the project design engineers at Cascade Design Professionals, LLC. We point 
out that during this investigation, G2 Associates, Inc. has worked along side their 
representative assessing the subsurface gravel formation that comprises the hilltop drain 
field, south of the main park features. 

The underground piping features within the filtration field at Minerva Park to the north 
was investigated as designated by the current landowners. This required two the 
excavation of two test pits, one on the upper west side, with the second on the lower 
eastern side of the existing drain field. The test location on the uppermost western side at 
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Minerva presented the surprises of the day based on the drain field construction. For 
whatever reason, the drain lines were reportedly built in two sections that can be isolated 
by a valve to drain either to the north or the south. Our test exploration revealed the 
plastic drain lines are old schedule 20 or less in grade, bear 0.5-inch diameter holes, with 
the holes turned downward releasing grey water directly into the clean native coarse 
sandy to pebbly gravel stratum. The lines on the southerly half of the field also bore a 
slight uphill trend in grade in the single line exposed during this investigation. This 
indicates a lack of use for the southern half of the piping due to grade issues. The inside 
of the drain line was nearly clean and basically has not been used much to this date 
(grade problem or lack of need?). The interesting aspect of this system was that the drain 
line inverts were at 4.0 feet in depth, more or less. In conversation with the property 
owners, we could not ascertain a reason why the lines were recessed so deeply. We do 
anticipate they could work just as well at standard depths of 12 to 18 inches, should 
replacement be required in the long-term future. This drain field was constructed in an 
area that had first been stripped of topsoil and graded lower than the natural grade. 

Test pits were also conducted at Unit Slips Numbers 84, 88, and 92 located upslope from 
the main drain field. The sandy gravel soil was also encountered in the same good 
condition at those locations as well. The topsoil overburden in that area was an average 
of 18 inches in thickness. 

A single test pit was excavated high on the hill at the eastern edge of the main drain field 
for the State Park in its current configuration and operational mode. Again, the coarse 
sandy gravel was found to form even the highest of elevations in the area and on this 
project property. This site was a grass covered meadow setting within an untouched 
forested environment. The grass growth over this terrain was very even in height and 
green color attesting to the steady performance of the pumps and filtration system and its 
construction. 

The purpose of this alliance (like previous sites) is to have more than one trained 
professional reviewing the system conditions. This practice has also permitted G2 to 
have a handle on the native soils and conditions, to be able to evaluate the composition of 
the filtration mounds, time to assess the general site topography (which is good), and thus 
have valuable input for future reference in planning new expansion phases. 

SOIL CLASSIFICATION PER TABLE II (PROVIDED) 

To the depths explored during the performance of these test explorations, the fine-grained 
soil sections noted on the project are Soil Types 3 and 4. Lower soils encountered also 
possess some porosity characteristics of Type 5 materials as well. We note that high 
density; low porosity fine sands and silt were also encountered in small amounts but were 
restricted to the uppermost topsoil zones (where they exist). We encountered none of the 
rock flour conditions found at the Penrose property. We did not encounter any aquitard 
or restrictive layers at any of these locations to the depths of exploration. All test 
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explorations conducted at these sites varied between 6 and 8 feet depending on field 
conditions and soil content and stratification. We do not anticipate the need for soil 
fracturing prior to new line installations based on the current project knowledge. We 
have attached a copy of the classification document used for this assessment for your ease 
of reference. 

Based on our discussions this information assessed and provided should meet your 
current project needs. Please feel free to contact this office should further assistance be 
required. 

Sincerely, 

John H. Gray 
President 
Washington LG 1681 
Oregon CEG 12 16 

Attachments 

062 11rpt I0 1306.doc 
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0 to 0.5 Ft. 

POTLATCH STATE PARK 
Higbway 101, North of Shelton, WA 

TEST PIT EXPLORATIONS #Ia/6 and lb/6 (Minerva) 
September 29, 2006 

Soft/loose, dark brown silt with coarse sand and pebbles. Area 
graded and this layer is not typical of topsoil for undisturbed areas 
in this vicinity. Soil Classification Type 5. 

0.50 to 4.5 Feet Moderately dense medium brown silty pebble to cobble gravel, dry. 
Type lA Soil Classification. Well drained. 

4.5 Feet Termination due to lack of encounter with the anticipated septic 
field piping. Gravel is typical of lower elevation alluvium derived 
from glacial deposition and reworked terrain. Bottom of Test Pit 
Exploration. 

No groundwater encountered to the ma.x:imwn depth of exploration 
on this date. 

06211 tplogspotlatch092906.doc 

Oto 1.50 Ft. 

1.5 to 6.0 Feet 

6.0 to 8.0 Feet 

8.0 Feet 

POTLATCH STATE PARK 
Highway 101, North of Shelton, WA 

TEST PIT EXPLORATION #2/6 (At Space 92, Minerva) 
September 29, 2006 

Loose woody forest floor duff, tan silt beneath. Type 5 Soil 
Classification. 

Moderately loose dark brown silty medium to coarse sandy gravel. 
Soil Classification Type 1 B. 

Dense pebble gravel with cobbles, coarse sand to 20 percent of 
volume, very well drained. Soil Classification Type 1A/1B. 

Bottom of Test Pit Exploration. 

No groundwater encountered to the maximum depth of exploration 
on this date. 

062 11 tplogspotlatch092906.doc 
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POTLATCH STATE PARK 
Highway 101, N ortb of Shelton, WA 

TEST PIT EXPLORATION #5/6 (Upper Bench Drain field, State Park) 
September 29, 2006 

0 to 0.50 Ft. 

0.5 to 6.0 Feet 

8.0 Feet 

8.0 Feet 

Soft/loose, dark brown silt, topsoil. Soil Classification Type 5. 

Moderately loose silty medium to coarse sandy pebbJe to smaJI 
cobble gravel. Well drained. Soil Classification Type lB. 

Moderately loose medium to coarse sandy pebble to cobble gravel. 
Soil Classification Type I A . 

Bottom of Test Pit Exploration. 

p.4 

No groundwater encountered to the mrudmum depth of exploration 
on this date. 

062 1 I tplogspotlatch092906.doc 
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Tacoma, WA 9840"1 
(253) 531 -3121 - LABORATORIES INC. 

October 10, 2006 

Cascade Design Professional Inc. 
2780 SE Harrison, Suite 104 
Milwaukee, OR 97222 
Attn: Herb Fricke 

Dear Sir: 

Results of analysis of two wastewater samples taken by you on 09-28-06 and 
received on 09-29-06 at 8:00 a .m. are as follows: 

Test 

Biochemical Oxygen 
Demand (mg/ L) 

Total Suspended 
Solids (mg/L) 

Total Kjeldahl 
Nitrogen (mg/L) 

Total Phosphorus 
(mg/ L) 

Lab Number: 08912523 

Sample Identification 
(see page 3) 

Sample #1 

24 

70 

37. 1 

3 .7 

Sample #2 

240 

3,080 

74.3 

11.2 

Samples were analyzed according to Standard Methods for the Examination of Water 
and Wastewater, 20th Edition. 



 , 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Appendix E 
        Minerva Beach RV Park Property Assessment, Utilities (Sanitary Sewer) (2006) 



 

1  

T e c h n i c a l  M e m o r a n d u m  –  D r a f t   
 

Minerva Beach RV Park Property Assessment 
 
State of Washington Parks and Recreation 
Commission 

Utilities (Sanitary Sewer/Water System)  
PREPARED FOR: Dave Broyles 

Operations Manager, State of Washington  
Parks and Recreation Commission  

PREPARED BY: Herb Fricke/CDP 
Project Manager 

REVIEWED BY: Lynn Harnisch/CDP 

COPIES: File/Maggie Witty Rice/CDP 

DATE: November 7, 2006 

 

INTRODUCTION AND SCOPE 
This technical memorandum summarizes the property assessment that was completed by 
Cascade Design Professionals, Inc. whereby site utilities (water and sanitary sewer) were 
examined in the field and assessed for continued use to serve the site needs, both current 
and future of Minerva Beach RV Park (Minerva) Property.  The purpose of the assessment 
was to determine the current condition of the water and sewer systems, and develop a 
rough understanding of needed improvements for the Minerva Property.  It is understood 
that the State of Washington is considering a number of options in developing the property 
and the assessment is the first step the State will undergo in order to select the best option. 
 

Site Location 
Minerva Beach RV Park is located at 21110 N US Highway 101, Shelton, Washington 98584-
9784.  Take Interstate 5 to US 101 N via EXIT 104 toward Aberdeen/Port Angeles.  Follow 
for 32 miles and end at park.  See site location map below (Figure 1). 
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Figure 1:  Site location map for the Minerva Beach RV Park Property. 
 

SECTION 1: Minerva Beach Property  
 

General Project Description 
The following tasks were completed during the site assessment: 
 
TASK ONE – PRE-DESIGN ANALYSIS OF THE MINERVA PROPERTY 
 
Cascade Design Professionals, Inc. personnel met with WSPRC project manager, a Minerva 
property manager, and representatives of the Skokomish Indian Tribe during a site visit to 
the park.  The following tasks were accomplished:    

1. The septic tanks behind the Laundromat and at the park drainfield were 
accessed and the contents pumped.  The volume of each septic tank was 
estimated as well as the internal condition of each tank was evaluated.  Any 
evidence of infiltration or exfiltration was noted. 

2. The condition of the lift station behind the Laundromat was evaluated, including 
general condition of the wetwell, the size and condition of the pumps, and the 
condition of internal level controls and the control panel. 

3. At the existing drainfield, four test pits were dug, with the aid of a Client 
furnished backhoe and operator, around the perimeter of the existing drainfield, 
as close to the laterals as possible without breaking a pipe.  The in-situ condition 
of the drainfield laterals was noted as well as the presence or absence of moisture 
and biological scum buildup within the soils that may impede the infiltration of 
the effluent. 
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4. The influent was sampled to determine present BOD, N and TSS concentrations.  
Analysis performed by an independent laboratory. 

5. The condition of the existing well pump controls and water storage tank was 
assessed. 

In this report the condition of the existing systems is discussed along with a general 
assessment of any modifications that may be necessary to bring them up to code and meet 
current DOH standards.  Existing on-site conditions for the drainfield and 
recommendations for hydraulic loading and sizing requirements was based on the results of 
the geotechnical evaluation.  
 

Field Investigation 
 

A field investigation of the water and sanitary sewer systems was completed on September 
28, 2006 by Mr. Herb Fricke, P.E., Bob Bushnell, Certified Waste Water Treatment Plant 
Operator, and John Gray, Registered Geologist. 

 

Septic Tanks, Pump Stations, and Drainfields 
Generally, all visible portions of the septic tanks, pump stations and drainfields were 
examined, such as the wall coatings, baffles, risers, and electrical systems.  In addition, each 
septic tank was inspected for evidence of infiltration/exfiltration.   
 
Findings of the field investigation are discussed below.   An inventory of the system and 
photographs are included in the appendix: 
 
 
Minerva Beach 

1. Laundromat Pump Station 
The septic tank is located behind the laundromat at the Minerva Beach private 
campground north of Potlatch State Park.  This system consists of two tanks oriented 
end to end.   See attached tank drawings for orientation. 
 
The dimensions of tank A are 14 feet long, 12 feet wide, and 6 feet deep.  We were 
unable to open and inspect this tank. 
 
The dimensions of tank B are 8.5 feet long, 12 feet wide, and 6 feet deep.  Tank 
appears to be in good condition with no failure of coating.  No apparent infiltration 
was noticed possibly due to low groundwater table.  The presence of cracks in the 
tank was not verifiable. 
 
The system has an 4 foot diameter manhole and is 5 feet deep with a 1500 gallon 
capacity.  The depth to invert is 9 feet.  The tank and riser are in fair condition.  There 
is one single phase, 230V, 1.0 hp submersible pump setting on a milk crate/cinder 
block with no guide rails.  A thin rope is attached to the pump for aid in removal, 
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but we decided not to pull the pump by this method because we believed it to be 
unsafe.  The pump, Orenco controls and float switches are in good condition.  No 
maintenance record was found; therefore the last maintenance performed is 
unknown.  It is recommended that pump be pulled for inspection. 
  

2. Drainfield 
The drainfield is located approximately 200 feet west of the Minerva Beach 
Laundromat.  Dimensions are 85 feet wide by 175 feet long.  The drainfield contains 
4-inch perforated piping with ½ - inch orifices oriented downward.  On the second 
test pit dug, a pipe was hit at 4 feet depth and it appears to be dry and rarely wet.  
Additionally, pipe appears to be reverse graded.  Vegetation is green in center of 
drainfield indicating that this part of the drainfield is getting flow and that there is 
no flow to the west part of the drainfield. 
 
Either this piping is plugged to the west section of the drainfield or a pipe is broken.  
More likely, the reverse grade and the ½” orifices preclude effluent from reaching 
the west end.  Average depth of the piping was around 4 feet, which is deeper than 
normally required. 
 
The drainfield is serviced by two large septic tanks, each of approximately 4,000 
gallons.  The tanks were pumped and their condition observed.  Both appeared to be 
in good condition, with small amounts of corrosion.   Cracks or leaks were not 
evident. 

3. Fresh Water Well and Holding Tank 
The Minerva property is served by a Washington State Department of Ecology 
(DOE) unique well with an 8-inch well casing.  The system consists of a submersible 
pump with a 2-inch flowmeter which is not functioning (the needle appears to be 
stuck at “9”).  The last recorded flow was on September 8, 2005.  The motor is a 
Franklin Electric 10 HP, 230V, single phase, 60 Hz, 44.0 Amp, 3450 rpm with a safety 
factor of 1.15.  The float switches are Warrick Float Switches with a 120 Amp 
disconnect.  One of the 20 Amp breakers is loose. 

The concrete potable water storage tank is approximately 150 feet above the 
campsite.  Dimensions of the concrete storage tank are 12 feet square and 12 feet 
deep.  There is seepage at the bottom left corner of the tank.  The schedule-40 inlet 
and outlet pipes are not weatherized.  The outlet valve is either leaking or is 
significantly sweating.  
 

Assessment of Future Demands/Needs 
 
Based on discussions with the WSPRC, it is understood that if and when purchased, the 
Minerva property will continue to be served by the existing septic tank/drainfield system or 
sewage could be conveyed to Potlatch State Park for treatment in the parks septic 
tank/drainfield system.  In general, it is WSPRC’s goal to eliminate existing drainfields 
within the public areas of the park, which the existing Minerva system will be in, if the 
property becomes part of the park   
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Based on the park as-builts, Minerva currently serves 64 RV spaces and 14 camp spaces on 
the west side of 101.  In addition, 49 permanent residences can be  served on the east and 
west side of Hwy 101.  The Laundromat has approximately 6 washing machines, a restroom, 
and a service sink.  The park office is shared with the manager’s residence.      
  
Based on the current layout of the park the maximum population that could be served by 
the park is estimated to be 322 people (Table 1).  This population would generate about 
20,300 gallons of wastewater per day (gpd).  Currently, there approximately ___ people 
living in the park.   
 
If all wastewater were pumped to the parks drainfield, it is estimated that a total flow of 
20,300 gallons per day (gpd) is possible (Table 1).  This loading would exceed the capacity of 
the existing park drainfield (estimated capacity of 7,000 gpd) by about 13,000 gpd.  Based on 
the current estimated drainfield percolation rate, an additional 22,400 sf of drainfield surface 
are is necessary.  In addition, based on the condition assessment of the drainfield, 
approximately ½ of the existing field is not being utilized to its capacity.   That this has not 
been a significant problem to date is likely because the current population served by the 
drainfield is significantly less than the maximum possible population.  
 

Table 1 
Sewage Use and Drainfield Capacity 

Description Number of 
Sites 

Population 
per Site 

Usage Per 
Capita 

Unit 
(gal/unit) 

Quantity 
(gpd) 

Laundromat 64 1 15 Person 960 
Campground 

w/Central Comfort 
Station 

14 5 35 Person 2450 

RV Hookups 64 2 50 RV 6400 
Permanent 
Residences 49 2.5 80 Person 9800 

Residence/Park 
Office and Shop 1 2 90 Person 180 

Total       386.5 19790 
 

Conclusions and Recommendations 
 
Conclusions 
 

1. All of the septic tanks inspected where found to be in generally good condition, with 
coatings intact and without significant corrosion.  Exfiltration or infiltration was not 
observed in any of the tanks, which indicates that they are not leaking. 
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2. The Minerva drainfield appears to be partially functioning.  Because the west section 
of the drainfield was found to be dry and because the east section had green 
vegetation, it appears the only the east section is receiving flow.  This condition 
could be caused by a number of reasons as per previous discussions.  Upon visual 
examination of the uncovered perforated piping it might have been installed with a 
reverse grade.  If this is true, that would explain why flow is not getting to the west 
section of the drainfield. 
 
We recommend the existing distribution valves be inspected.   If the valves are 
functioning properly, than the lines should be snaked for potential plugging.   

3. If Minerva property reaches maximum buildout population, the existing drainfield is 
undersized to treat this much wastewater.  The current population being served by 
the drainfield should be verified. 

4. The pump at the Laundromat pump station should be removed and inspected by a 
licensed plumber.   

5. The existing water storage tank should be monitored for possible leakage.  To do this 
the valve should be inspected and if necessary, repaired.  If water seepage continues 
to be evident, then the tank should be filled and all inlet and outlet valves closed.  
The level should be monitored with any drop indicative of a leak.   

6. The well pump appears to be functioning properly; however the flowmeter and 
breaker panel should be repaired. 

Design Considerations 
 
Final design of the above recommendations can be initiated quickly; however, additional 
information is needed before design can proceed: 
 

• Locate and identify why wastewater is not flowing to the west section of the existing 
drainfield 

• Verify whether the existing water storage tank is leaking 
• Conduct a minor topographic survey of a potential alignment for a new force main 

from the Minerva property to connect to the Potlatch SP sewage system. 
• If the Laundromat pump station must stay in service, it should be replaced with a 

duplex submersible system, equipped with guide rails that would allow easier 
retrieval for maintenance. 

• Evaluate whether Potlatch SP drainfield can treat additional wastewater generated 
by the Minerva property 

• When compared to current Washington DOH standards, the existing drainfield does 
not comply with the following: 

o Depth of laterals, which are typically 2 to 3 feet deep 
o Use of smaller orifices and snap caps, which are typically oriented at the top 

of the pipe, such that wastewater exits the lateral vertically hitting the snap 
caps, which spreads the flow more evenly within the trench. 

o The presence of cleanouts and test ports at the end of each lateral 
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o Installation of monitoring wells. 
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Table 1: Sewage Use and Drainfield Capacity

Description Usage Per 
Capita

Unit 
(gal/unit)

Number of 
Campsites

Number of 
Units per 
Campsite

Usage Per 
Capita

Quantity 
(gpd)

*Pumped 
Flow (Q)

Laundromat 50 Person 64 100 5000 DF Width Length Area 1Capacity

Campground w/Central 
Comfort Station 35 Person 14 5 70 2450 North 65.6 87.5 5740 2870

RV Dump 50 RV 64 2 128 6400 South 65.6 87.5 5740 2870

Permanent Residences 80 Person 49 2.5 122.5 9800 11480 5740

Rangers 
Residence/Park Office 

and Shop
90 Person 1 2 2 180

Total 23830
Assume 50% Occupancy

* Confirm with fixture count

Assumptions:
1 Engineered Fine Sand in Drainfield gives 0.5 gal/sf/day

Total Area of Drainfield= 11480 sf

1Drainfield Capacity= 5740 gpd

Quantity-Capacity= 18090 gpd

# of Mounds=(Quan.-Cap.)/(0.5 gal/sf/day)= 36180 additional area (sf)

Drainfield Calculations
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Potlatch SP/ Minerva Beach RV

Length Width Length Width Manhole 
Diameter

Depth of 
Tank

Depth to 
Invert Capacity (gal) Condition Size Type Pump Model Condition Quantity Size Condition Motor 

Model
Electrical 

Req'ts

1 Minerva 
Laundromat PS

Submersible Pump 
Station

Behind Minverva Beach 
Laundromat 8 5 9 Fair 2" dia, schedule 40 PVC Submersible 

Pump 1 1 HP 1 ph, 230V

Notes Tested Several 
Times

Setting on milk 
crate/cinder block, no 

guide rails

2 Minerva 
Drainfield Drainfield (Tank 1)

Approximately 200' west 
of Minerva Beach 

Laundromat
175 75 8.5 12 6 Good 1

Notes
No failure of coating,  no 
apparent infiltration (GW 

is low)

Drainfield (Tank 2) 14 12 6 Good 1

Notes
No excessive corrosion,  
no apparent infiltration 

(GW is low)

3 Potlatch SP RV 
Pump Station

Submersible Pump 
Station (Pump 1) 4 11 OK 2 1.5 HP, 3450 rpm 1 ph, 230V, 

1.1 kW

Notes Unable to pull and 
verify size

4 Potlatch SP RV 
Dump Tank 19 12 7.5 10000 Good

Notes No infiltration evident

5 Potlach RV PS 
Wetwell Tank 14 14 6.7 9.5 Good

Notes No apparent leaks or 
infiltration

6 Potlatch Day 
Use PS

Submersible Pump 
Station (Pump 1) 100SI05HHF Inoperable 1 1 HP Franklin 

Electric 1 ph, 115V

Notes

Was pulled, 
disconnected at 

discharge, when out 
of wetwell…motor 

starter was bumped 
but did not rotate

Submersible Pump 
Station (Pump 2) 100SI05HHF Functioning 1 1/2 HP Franklin 

Electric 1 ph, 115V

Notes

Functioning
Good
OK
Fair

Inoperable

Wet Well

Bad alarm light (ext.), flow 
meter functioning

4" Perf - 1/2" orifices 
were oriented downward

On second hole, a pipe 
was hit at 4' deep - 

appears to be dry and 
rarely wet, also pipe 

appears to be reverse 
graded

Vegetation is green in center 
of drainfield

Tank Dimensions (ft)

Orenco controls in good 
condition, no mtc record/last 
mtc unknown, recommend 

pump be pulled and 
inspected

No. Item Description Location

Drainfield Dimensions (ft) EquipmentPiping

Comments Photos

Wetwell
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1.0 INTRODUCTION 

The Washington State Department of Transpor-
tation formerly operated a maintenance yard 
near Potlatch, Washington within the boundaries 
of the Skokomish Indian Reservation (Figure 1). 
The Skokomish Tribal Nation wishes to make a 
reasonable and best use of this property.  

The Tribe initiated this environmental assess-
ment of the property to investigate the potential 
presence of contaminants in soil or groundwater.  

2.0 SUMMARY OF FINDINGS 

The following summarizes the work performed 
under this Environmental Assessment and the 
analytical results. 

• Monitoring well Skok-5 was installed at the 
WSDOT-Potlatch site. Heaving sand indicat-
ing high groundwater yield, were encoun-
tered during drilling. 

• Groundwater was encountered at approxi-
mately 17 feet below ground surface during 
drilling. Groundwater was not encountered 
during test pit excavation (5.5 to 7.5 feet in 
depth). 

• Surficial soil, test pit soil, and groundwater 
samples were collected and analyzed for the 
site contaminants of concern or a subset. 
These site contaminants of concern are based 
on past land use practices and include petro-
leum hydrocarbons, metals, polyaromatic 
hydrocarbons (PAHs), polychlorinated bi-
phenyls (PCBs), pesticides, volatile organic 
compounds (VOCs), the nitrate suite, and 
coliform. 

• PGG does not recommend remedial action at 
the WSDOT-Potlatch site based on the ana-
lytical findings of this Environmental As-
sessment. 

• Analytical results indicate that metals, PAHs, 
and conventional parameters were detected in 
surficial soil samples. The concentrations do 

not exceed Model Toxics Control Act 
(MTCA) Method A cleanup criteria. 

• The surficial soils collected under this scope 
of work do not have detectable concentra-
tions of PCBs, pesticides, and VOCs. Diesel 
was detected in the petroleum screening 
analysis of one surficial soil sample, but was 
not detected in an analysis specifically for 
diesel. 

• Soil samples collected from the bottom of 
four test pits do not have detectable concen-
trations of petroleum compounds. 

• Analytical results indicate that total metals 
and conventional parameters were detected in 
groundwater samples. The concentration of 
total arsenic in a sample from monitoring 
well Skok-3 exceeds the MTCA Method A 
cleanup level and the concentration of total 
chromium in the sample exceeds the MTCA 
Method A cleanup level and the WAC 173-
200-040 criteria. The concentration of total 
barium exceeds the MTCA Method B 
cleanup level. Concentrations of the remain-
ing metals and conventional parameters ana-
lyzed do not exceed MTCA Method cleanup 
levels or WAC 173-200-040 criteria. 

• Analytical results indicate that dissolved 
metals concentrations do not exceed MTCA 
cleanup levels or WAC 173-200 criteria. 

• Petroleum hydrocarbons, PAHs, PCBs, pesti-
cides, and VOCs were not detected in 
groundwater samples collected as part of this 
investigation. 

• The findings of the environmental assess-
ment do not indicate the need for further in-
vestigation or remedial action. The site is 
recommended for no further action and clo-
sure.  

• Due to the close proximity of private wells 
located immediately east of the site and due 
to the detection of total (unfiltered) arsenic, 
barium, chromium, and lead in one well 
(Skok-3), the Skokomish Indian Tribe will 
sample the private wells for these metals, as a 
proactive measure. 
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3.0 SITE OPERATING HIS-
TORY 

The Washington State Department of Transpor-
tation (WSDOT) formerly operated a mainte-
nance yard near Potlatch, Washington within the 
boundaries of the Skokomish Indian Reservation 
(Figure 1). Specifically, the site is located on the 
west side of State Route 101 at milepost 336.2 
and is herein referred to as the WSDOT-Potlatch 
site (Figure 2). 

WSDOT used the 14-acre parcel to store road 
maintenance equipment and road debris from 
approximately the 1950s through recent years. 
The site was also used as a gravel pit. In 1999 
WSDOT transported wet soil and debris from 
two large landslides along Highway 101 to the 
site and distributed the spoils over most of the 
area previously excavated for gravel. The debris 
is in the northern portion of the site and is at 
least 12-feet thick in most places (Figure 2). 
Domestic homes that are supplied water from 
private groundwater wells are located on the east 
side of Highway 101 opposite the WSDOT-
Potlatch site.  

The property ownership was transferred to the 
Skokomish Tribal Nation in 2002. Because of 
historical use of the site, it is considered a 
“Brownfield site,” meaning the redevelopment 
or reuse of the property may be complicated by 
the presence or potential presence of a hazardous 
substance, pollutant, or contaminant. The site is 
underutilized in its current condition.  

The Skokomish Tribe wishes to make reason-
able and best use of this property. The objectives 
of this project are to investigate the potential 
presence of hazardous substances, or contami-
nants, in soil and groundwater.  

3.1.1    Previous Investigations and 
Studies 

Previous work at the WSDOT-Potlatch site in-
cludes an Underground Storage Tank Site As-
sessment and Closure and a preliminary Hydro-

geologic Study and Groundwater Mounding 
Analysis. 

CEcon Corporation of Tacoma, Washington, 
were contracted to remove two 1,000 gallon die-
sel underground storage tanks (USTs) and one 
500 gallon unleaded gasoline UST from the 
WSDOT-Potlatch site. The tanks were removed 
on April 20, 1995 according to applicable regu-
lations, as we understand. The three tanks had 
extensive corrosion but no holes were visible. In 
addition to the UST removal, a gas house was 
demolished and fuel dispensers were removed. 
Soil samples were taken from the excavations to 
assess possible residual contamination. The 
samples were analyzed for the respective petro-
leum product most likely to be in the sample 
based on the fuel type of the UST and/or dis-
penser. The analytical results indicated the con-
centrations of gasoline, diesel, BTEX, and lead 
in the soil samples were below Ecology’s 
MTCA Method A cleanup levels. The excava-
tions were backfilled with pit run. 

A preliminary hydrogeologic study was con-
ducted at the WSDOT-Potlatch site between 
June 1999 and May 2000 to evaluate the suit-
ability of the site for rapid infiltration of treated 
municipal effluent. Four groundwater monitor-
ing wells were installed at the site during this 
study that were monitored for water level and 
water quality. Test pits and percolation tests 
were included in the field study. A modeling 
analysis was also performed to estimate the 
mounding potential of the aquifer. 

The hydrogeologic study indicates the unsatu-
rated zone at the site is 15 – 28 feet thick and 
groundwater levels vary seasonally by 1 – 4 feet. 
Coarse, outwash material was identified at the 
center of the site that is highly permeable. De-
bris soil imported to the northern portion of the 
site has low permeability. Another low perme-
ability zone was identified in the south-west por-
tion of the site. 
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4.0 CLEANUP CRITERIA 

Model Toxic Control Act (MTCA) Method A 
cleanup criteria (WAC 173-340-900) were ap-
plied to the soil and groundwater analytical data 
set to provide conservative cleanup levels for 
sites undergoing routine cleanup actions or for 
sites with relatively few hazardous substances 
(WAC 173-340). In addition to MTCA Method 
A, groundwater data were compared to the Wa-
ter Quality Standards for Ground Waters of the 
State of Washington (WAC 173-200-040). 
Where no Method A cleanup levels are estab-
lished, Method B cleanup levels were used for 
comparison. 

5.0 CONTAMINANTS OF 
CONCERN 

Based on site history the contaminants of con-
cern include: 

• Petroleum (gasoline, benzene, ethylbenzene, 
toluene, and xylenes (BETX); diesel; oil; 1,2-
dibromoethane; 1,2-dichloroethane; methyl 
tertiary butyl ether; and naphthalenes) 

• Volatile Organic Compounds (VOCs) 

• Metals  

• Polyaromatic hydrocarbons (PAHs) from 
petroleum or creosote sources 

• Pentachlorophenol, a wood preservative 

• Possibly nitrate and nitrite 

• Possibly coliform from former septic system 

• Possibly limited pesticides 

• Possibly PCBs 

6.0 BROWNFIELD  
INVESTIGATION 

The Brownfield investigation of soil and 
groundwater quality at the WSDOT-Potlatch site 
was performed in general accordance with the 

Brownfield WSDOT Potlatch Maintenance Yard 
Environmental Assessment Quality Assurance 
Project Plan (PGG, 2005). Locations of the 
surficial soil samples, test pits, and monitoring 
wells are presented in Figure 2. 

Friedman & Bruya, Inc., a Washington state cer-
tified laboratory located in Seattle, Washington, 
provided analytical services for this investiga-
tion. They subcontracted some analyses to Ana-
lytical Resources, Inc., another Washington cer-
tified lab located in Tukwila, Washington. Drill-
ing services were provided by Geotechnical 
Testing Laboratory, of Olympia, Washington 
(Appendix A contains the boring logs). 

6.1    SOIL INVESTIGATION 

The soil investigation involved collecting sam-
ples of surficial soil and soil within approxi-
mately 10 feet of ground surface for analysis of 
suspected contaminants of concern. 

6.1.1    Surficial Soil 

Surface soil samples were collected by represen-
tatives of PGG from five different locations be-
tween June 29, 2005 and July 11, 2005 from 
locations presented in Figure 2. The surficial soil 
samples are designated SS-1 through SS-5. 
These locations are consistent with those pro-
posed in the Brownfield WSDOT Potlatch 
Maintenance Yard Environmental Assessment 
Quality Assurance Project Plan (QAPP) with the 
exception of SS-1. The objective of the surface 
soil sampling was to investigate possible “hot 
spots.” The sampling design for the surface soil 
samples was judgmental with locations based on 
site historic practices and field observations. The 
surficial soil locations were sampled once under 
this environmental assessment and one soil sam-
ple will be collected at each location.  

The locations were selected based on known or 
suspected use of hazardous substances. The 
sampling sites were located visually using site 
landmarks (building slab, debris piles etc.) The 
rationale for each sample is: 
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• Sample SS-1 (Figure 2) was intended to be 
collected in an area where paint chips and 
debris were observed. However; the asphalt 
ground cover in the proposed area prevented 
sampling and the location was moved ap-
proximately 25 feet north.  

• Sample SS-2 was collected from an area 
where reportedly oil-contaminated soil re-
moved from a drainfield was stored.  

• Sample SS-3 was collected at the base of the 
sander rack built from creosote logs where 
stained soil was observed during a prelimi-
nary site visit.  

• Sample SS-4 was collected near a corrugated 
metal loader shed where 5-gallon buckets of 
tar were observed.  

• The location for sample SS-5 was intended to 
be selected in the field based on visual ob-
servations of soil staining, odor, or soil stor-
age. Because these conditions were not ob-
served, sample SS-5 was collected near the 
entry gate to the property which would have 
experienced the most traffic flow.   

Surficial soil samples were submitted to Fried-
man & Bruya, Inc. (F&BI) for analyses pre-
sented in Table 1 and listed below: 

• Hydrocarbon identification (HCID) and 
gasoline, diesel-extended, or BETX, 1,2-
Dibromoethane, 1,2-Dichloroethane, Methyl 
Tertiary-butyl ether, Naphthalenes as indi-
cated by the HCID results (5 samples)  

• PAHs, PCBs, pesticides, and metals (4 sam-
ples) 

• Pentachlorophenol (1 sample) 

6.1.2    Test Pit Soil 

In addition to the surficial samples, soil samples 
were collected from the bottom of test pits exca-
vated as part of this investigation. The test pits 
were excavated by a Skokomish Tribe backhoe 
operator and sampled by a PGG representative 
between June 29, 2005 and June 30, 2005 at lo-
cations presented in Figure 2. These locations 
are consistent with those proposed in the QAPP. 

The objectives of the test pits were to character-
ize and sample soil efficiently and cost-
effectively. The sampling design for the test pit 
samples was judgmental with locations based on 
site historic practices. 

Test pit depths ranged from 5.5 to 7.5 feet below 
ground surface (bgs). Excavated material was 
temporarily stored adjacent to the test pit during 
sample collection. One soil sample was collected 
from the floor of each test pit near the approxi-
mate center. The test pit soil samples are desig-
nated BHP- and were submitted to F&BI for 
analysis of the parameters summarized in Table 
1 and presented below:  

• HCID and gasoline, diesel-extended, or 
BETX, 1,2-Dibromoethane, 1,2-
Dichloroethane, Methyl Tertiary-butyl ether, 
Naphthalenes as indicated by the HCID re-
sults 

Visual and olfactory indications of soil contami-
nation in the floors or sidewalls of the test pits 
were not noted in the field by representatives of 
PGG. Geologic logs of the test pit excavations 
are shown in Appendix A. Groundwater was not 
encountered by the WSDOT-Potlatch test pits. 
Following collection of the soil samples from 
the test pits, they were backfilled with the exca-
vated material. 

6.2    WELL INSTALLATION 

Four groundwater monitoring wells (Skok-1 
through Skok-4) installed during previous inves-
tigations are present at the WSDOT-Potlatch 
site. One additional monitoring well (Skok-5) 
was installed under this scope of work. Well 
locations are presented in Figure 2. The monitor-
ing well logs and as-builts for the four previous 
wells, and the newly installed well are included 
in Appendix A. 

Geotechnical Testing Laboratory of Olympia, 
Washington, provided drilling services. On June 
29, 2005, GTL used a hollow stem auger rig to 
advance 8-inch diameter augers. Soil samples 
were collected using an 18-inch long split spoon 
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at 5 foot intervals. During drilling, observations 
were recorded by a PGG representative of sub-
surface stratigraphy, soil characteristics of split 
spoon samples, evidence of contamination, blow 
counts for split spoon penetration, and pertinent 
driller’s comments.  

At 25 feet below ground drilling was hampered 
by heaving sand and at 30 feet below ground the 
split spoon sampler was blocked, likely by large 
gravel or cobbles. The augers were retrieved 
from the borehole and it was allowed to col-
lapse.  

They returned to the WSDOT-Potlatch site on 
July 19, 2005 with a larger drilling rig, aban-
doned the new well, and drilled and installed the 
new well, Skok-5. The well was constructed 
with 2-inch diameter PVC screen and riser pipe 
as described above. The screened interval in 
Skok-5 is 18 to 28 feet bgs    Details of the well 
construction are presented with the geologic log 
in Figure 3. 

6.3    GROUNDWATER SAMPLING 

Groundwater samples were collected by PGG 
representatives from the WSDOT-Potlatch 
monitoring wells Skok-1 through Skok-5 be-
tween July 11, 2005 and July 21, 2005. A port-
able, submersible pump was used to purge and 
sample the monitoring wells in accordance with 
the QAPP.  

Groundwater samples were submitted to F&BI 
for analyses presented in Table 2 and listed be-
low: 

• HCID and gasoline, diesel-extended, and/or 
BETX, 1,2-Dibromoethane, 1,2-
Dichloroethane, Methyl Tertiary-butyl ether, 
Naphthalenes as indicated by the HCID re-
sults (6 wells). 

• PAHs, PCBs, pesticides, metals, volatile or-
ganic compounds, nitrates, and coliform (4 
wells). 

7.0 ANALYTICAL RESULTS 

Analytical results of surficial soil, test pit soil, 
and groundwater samples are discussed in the 
following sections. The data are summarized in 
Tables 1 and 2 and laboratory reports are pre-
sented in Appendix B. 

7.1    SURFICIAL SOIL 

Surficial soil samples identified SS-1 through 
SS-5 were collected at the WSDOT-Potlatch site 
from areas where historic use of hazardous sub-
stances are known or suspected (Section 6, Fig-
ure 2). The samples were analyzed for the con-
taminants of concern or a subset of the contami-
nants of concern (Section 5). 

7.1.1    Petroleum Hydrocarbon 

The Hydrocarbon Identification (HCID) analysis 
was used as a screening tool during this investi-
gation. Sufficient sample volume was collected 
for NWTPH analysis of gasoline, diesel, and 
motor oil; however, these analyses were only 
performed if results of the HCID indicated these 
parameters were present (Table 1). 

The HCID analysis of the surficial soil samples 
indicated that hydrocarbons were not detectable 
with the exception of heavy oil in sample SS-1. 
Motor oil range hydrocarbons were not detected 
in the NWTPH analysis of SS-1 (Table 1). 

7.1.2    Metals 

The surficial soil samples were analyzed for the 
RCRA metals. Barium, chromium, and lead 
were detected in samples SS-1, SS-2, SS-4, and 
SS-5 in concentrations that do not exceed 
MTCA Method A cleanup levels. The concen-
trations of barium in the samples range from 21 
to 24 parts per million or micrograms per gram 
(ug/g), which is equivalent to milligrams per 
kilogram (mg/kg); a MTCA Method A criteria 
for barium has not been established; the levels 
found are much lower than Method B cleanup 
levels (Table 1). The concentrations of chro-
mium in the sample range from 11 to 15 ug/g 
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and the MTCA Method A criteria for chromium 
is 2000 ug/g. The concentrations of lead in the 
surficial soil samples range from 13 to 26 ug/g 
and the MTCA Method A criteria for lead is 250 
ug/g (Table 1). 

7.1.3    Polyaromatic Hydrocarbon 

Polyaromatic Hydrocarbon (PAH) compounds 
were detected in surficial soil samples SS-4 and 
SS-5 and were not detected in samples SS-1 and 
SS-2. Non-carcinogenic PAHs, fluoranthene and 
pyrene, were detected in SS-1 and SS-5 for 
which cleanup levels have not been established 
under MTCA Method A, however the levels 
found are much lower than the Method B 
cleanup levels (Table 1). Carcinogenic PAHs 
were not detected in SS-4, but carcinogenic 
PAHs chrysene and benzo(k)fluoranthene were 
detected in SS-5. Because multiple carcinogenic 
PAHs were detected, under MTCA Method A 
the total carcinogenic concentration using the 
toxicity equivalency methodology (WAC 173-
340-708) should be calculated and compared to 
the cleanup level. This analysis indicates the 
total concentration of carcinogenic PAHs in SS-
5 do not exceed the MTCA Method A cleanup 
level. The results of this calculation are pre-
sented in Table 3. 

7.1.4    Pentachlorophenol 

Sample SS-3 was analyzed for pentachlorophe-
nol. The concentration reported for SS-3 is 0.2 
ug/g, which is below the normal detection limit 
(0.3 ug/g). Therefore, this result is considered a 
non-detect and is qualified with a “j” (Table 1). 
The detected concentration is lower than the 
Method B cleanup level (Table 1). 

7.1.5    Conventional Parameters 

Samples SS-1 and SS-2 were analyzed for the 
nitrate suite and total coliform. MTCA A 
cleanup levels have not been established for 
these parameters. The MTCA B cleanup level 
for nitrate and nitrite are not exceeded. No 
MTCA B cleanup level has been established for 
coliform. The total coliform count in sample SS-

1 was elevated at 238 CFU/g compared the non-
detect result in SS-2 (Table 1). 

7.1.6    PCBs/Pesticides/VOCs 

Surficial soil samples collected at the WSDOT-
Potlatch site as part of this investigation did not 
contain detectable concentrations of PCBs, Pes-
ticides/PCBs, and VOCs (Table 1). 

7.2    TEST PIT SOILS 

Soil samples were collected from the floor of 
four test pits excavated at the WSDOT-Potlatch 
site. The HCID analysis was used as a screening 
tool during this investigation and NWTPH 
analysis of gasoline, diesel, and motor oil were 
only performed if results of the HCID indicated 
these parameters were present. The HCID analy-
sis of the test pit soil samples indicated that hy-
drocarbons were not detectable (Table 1). 

7.3    GROUNDWATER 

Groundwater samples were collected from the 
WSDOT-Potlatch monitoring wells Skok-1 
through Skok-5 (Figure 2) and were analyzed for 
a subset of the site contaminants of concern.  

7.3.1    Petroleum Hydrocarbons 

HCID was used as a screening tool to test for the 
presence of petroleum hydrocarbon compounds 
in groundwater samples Skok-1 through Skok-5. 
The results of the HCID analysis indicated that 
petroleum compounds are not present in the 
WSDOT-Potlatch groundwater samples. There-
fore NWTPH analyses for individual petroleum 
products were not performed (Table 2). 

7.3.2    Metals 

Total and dissolved RCRA metals were ana-
lyzed in the groundwater samples. This discus-
sion begins with total metals results. While some 
total (unfiltered) metals concentrations exceed 
cleanup levels, the dissolved (filtered) metals 
concentrations do not for all wells (Table 2). 
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Communication with tribal staff has resulted in a 
proactive response that wells will be monitored 
surrounding the site for metals. 

The results of the total metals analyses indicate 
that arsenic was detected in samples Skok-3 and 
Skok-5 at concentrations of 7.6 micrograms per 
liter (ug/L) which is equivalent to parts per mil-
lion and 0.6 ug/L respectively. The concentra-
tion in the Skok-3 sample exceeds the MTCA 
Method A cleanup level, 5 ug/L. Barium was 
detected in all groundwater samples collected 
under this scope of work and concentrations 
range from 1.6 ug/L in sample Skok-2 to 581 
ug/L in sample Skok-3. A MTCA Method A 
cleanup level has not been established for bar-
ium, however the Method B cleanup level (560 
ug/L) is exceeded in Skok-3 (Table 2). The 
WAC 173-200-040 criteria for barium is 1000 
ug/L. Cadmium was detected in samples Skok-3 
and Skok-5 at concentrations of 0.3 ug/L and 0.2 
ug/L respectively. These concentrations do not 
exceed the MTCA Method A cleanup level for 
cadmium (5 ug/L) nor the WAC 173-200-040 
criteria for cadmium (10 ug/L). Chromium was 
detected in all groundwater samples collected 
during this investigation and concentrations 
range from 0.7 ug/L in Skok-2 to 150 ug/L in 
Skok-3. The chromium concentration in Skok-3 
exceeds the MTCA Method A cleanup level and 
WAC 173-200-040 criteria (50 ug/L). The 
MTCA A cleanup level is based on the hexava-
lent chromium. If only trivalent chromium is 
present, the MTCA A cleanup level is 100 ug/L 
(unless a plating facility is nearby, hexavalent 
chromium is not expected to be present). The 
concentrations of chromium in the remaining 
samples are below the cleanup level and criteria. 
Lead is present in the Skok-3 sample at 12 ug/L 
and the Skok-5 sample at 1 ug/L. These concen-
trations do not exceed the MTCA Method A 
cleanup level (15 ug/L) or the WAC 173-200-
040 criteria (50 ug/L) for lead. Silver was de-
tected in sample Skok-3 and the concentration, 
0.3 ug/L, does not exceed the MTCA B cleanup 
level, 80 ug/L, or the WAC 173-200-040 criteria 
for silver, 50 ug/L. (A MTCA Method A 
cleanup level for silver has not been estab-
lished.) The remaining RCRA metals, mercury 

and selenium, were not detected in WSDOT-
Potlatch groundwater samples (Table 2). 

Fewer dissolved RCRA metals were detected in 
the groundwater samples than total RCRA met-
als. Dissolved barium was detected in all 
groundwater samples collected for this investi-
gation and concentrations range from 1 ug/L in 
Skok-3 to 5.9 ug/L in Skok-1. This concentra-
tion does not exceed the MTCA B cleanup level, 
560 ug/L. Neither a groundwater cleanup level 
nor criteria for barium are established under 
MTCA Method A or WAC 173-200-040. The 
concentration of dissolved chromium in sample 
Skok-1, 0.9 ug/L, does not exceed the MTCA 
Method A cleanup level, 50 ug/L. The remaining 
RCRA metals were not detected as dissolved 
metals in the groundwater samples (Table 2). 

7.3.3    Polyaromatic Hydrocarbons 

PAH compounds were not detected in ground-
water samples collected at the WSDOT-Potlatch 
site under this investigation (Table 2). 

7.3.4    Conventional Parameters 

Groundwater samples were analyzed for the ni-
trate suite, fecal coliform, and one sample was 
analyzed for total coliform. The concentrations 
of nitrate in the samples range from 0.08 mg-
N/L in sample Skok-2 to 0.717 mg-N/L in sam-
ple Skok-1. These concentrations do not exceed 
the MTCA B cleanup level, 1600 ug/L, or the 
WAC 173-200-040 criteria for nitrate, 10 mg/L. 
Fecal coliform was not detected in the ground-
water samples and total coliform was not de-
tected in sample Skok-1. MTCA Method A 
cleanup levels are not established for the con-
ventional parameters analyzed (Table 2). 

7.3.5    PCBs/Pesticides/VOCs 

Groundwater samples collected at the WSDOT-
Potlatch site as part of this investigation did not 
contain detectable concentrations of PCBs, Pes-
ticides/PCBs, and VOCs (Table 2). 
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8.0 CONCLUSIONS 

Based on the environmental assessment per-
formed herein, including surface soil, test pit, 
and groundwater sampling, hazardous sub-
stances or contaminants have not be found at 
levels that exceed appropriate regulatory criteria. 
The analytical results do not indicate the need 
for further investigation or remedial action of 
soil or groundwater. The site is recommended 
for no further action and closure.  

Due to the close proximity of private wells lo-
cated immediately east of the site and due to the 
detection of total (unfiltered) arsenic, barium, 
chromium, and lead in one well (Skok-3), the 
Skokomish Indian Tribe will sample the private 
wells for these metals, as a proactive measure. 
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Table 1. Analytical Summary for Surfical Soil Samples and Test Pit Soil Samples
WSDOT-Potlatch Site Environmental Assessment

MTCA A BHP1-5 BHP-3 BHP-4 BHP-2 SS-2 SS-1 SS-4 SS-3 SS-5
[MTCA B] 6/29/2005 6/30/2005 6/30/2005 6/30/2005 6/29/2005 6/29/2005 6/30/2005 6/30/2005 7/11/2005

HCID
Gasoline ND ND ND ND ND ND ND ND ND
Diesel ND ND ND ND ND ND ND ND ND
Heavy Oil ND ND ND ND ND D ND ND ND

NWTPH
Motor Oil Range ug/g 2000 250 U

PCB
Aroclor 1221 ug/g 1 (total) 0.1 U 0.1 U 0.1 U 0.1 U
Aroclor 1232 ug/g 1 (total) 0.1 U 0.1 U 0.1 U 0.1 U
Aroclor 1016 ug/g 1 (total) 0.1 U 0.1 U 0.1 U 0.1 U
Aroclor 1242 ug/g 1 (total) 0.1 U 0.1 U 0.1 U 0.1 U
Aroclor 1248 ug/g 1 (total) 0.1 U 0.1 U 0.1 U 0.1 U
Aroclor 1254 ug/g 1 (total) 0.1 U 0.1 U 0.1 U 0.1 U
Aroclor 1260 ug/g 1 (total) 0.1 U 0.1 U 0.1 U 0.1 U
Aroclor 1262 ug/g 1 (total) 0.1 U 0.1 U 0.1 U 0.1 U

Metals
Arsenic ug/g 20 7.0 U 7.0 U 7.0 U 7.0 U
Barium ug/g [5600] 21 24 21 23
Cadmium ug/g 2 1.0 U 1.0 U 1.0 U 1.0 U
Chromium ug/g 2000 11 15 12 11
Lead ug/g 250 26 13 17 15
Selenium ug/g 10 U 10 U 10 U 10 U
Silver ug/g 1.0 U 1.0 U 1.0 U 1.0 U
Mercury mg/kg 2 0.04 U 0.04 U 0.05 U 0.04 U

VOC variable ND ND
(individual VOCs provided in Appendix B, no VOCs detected)

Non-Carcinogenic PAHs
Naphthalene ug/kg 50 U 50 U 50 U 5 U
Acenaphthylene ug/kg 50 U 50 U 50 U 5 U
Acenaphthene ug/kg 50 U 50 U 50 U 5 U
Benzo(g,h,i)perylene ug/kg 50 U 50 U 50 U 5 U
Fluorene ug/kg 50 U 50 U 50 U 5 U
Phenanthrene ug/kg 50 U 50 U 50 U 5 U
Anthracene ug/kg 50 U 50 U 50 U 5 U
Fluoranthene ug/kg [3200] 50 U 50 U 95 14
Pyrene ug/kg [2400] 50 U 50 U 84 13

Carcinogenic PAHs (See Table 3 for MTCA evaluation of cPAH concentrations)
Benzo(a)anthracene ug/kg 100 (total) 50 U 50 U 50 U 5 U
Chrysene ug/kg 100 (total) 50 U 50 U 50 U 13
Benzo(b)fluoranthene ug/kg 100 (total) 50 U 50 U 50 U 5 U
Benzo(k)fluoranthene ug/kg 100 (total) 50 U 50 U 50 U 13
Benzo(a)pyrene ug/kg 100 (total) 50 U 50 U 50 U 5 U
Indeno(1,2,3-cd)pyrene ug/kg 100 (total) 50 U 50 U 50 U 5 U
Dibenzo(a,h)anthracene ug/kg 100 (total) 50 U 50 U 50 U 5 U

Pentachlorophenol ug/g [8.3] 0.2 j

Pesticides/PCB
alpha-BHC ug/kg 1.7 U 1.7 U 1.7 U 1.8 U
beta-BHC ug/kg 1.7 U 1.7 U 1.7 U 1.8 U
delta-BHC ug/kg 1.7 U 1.7 U 1.7 U 1.8 U
gamma-BHC (Lindane) ug/kg 10 1.7 U 1.7 U 1.7 U 1.8 U
Heptachlor ug/kg 1.7 U 1.7 U 1.7 U 1.8 U
Aldrin ug/kg 1.7 U 1.7 U 1.7 U 1.8 U
Heptachlor Epoxide ug/kg 1.7 U 1.7 U 1.7 U 1.8 U
Endosulfan I ug/kg 1.7 U 1.7 U 1.7 U 1.8 U
Dieldrin ug/kg 3.4 U 3.5 U 3.5 U 3.5 U
4,4'-DDE ug/kg 3.4 U 3.5 U 3.5 U 3.5 U
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MTCA A BHP1-5 BHP-3 BHP-4 BHP-2 SS-2 SS-1 SS-4 SS-3 SS-5
[MTCA B] 6/29/2005 6/30/2005 6/30/2005 6/30/2005 6/29/2005 6/29/2005 6/30/2005 6/30/2005 7/11/2005

Endrin ug/kg 3.4 U 3.5 U 3.5 U 3.5 U
Endosulfan II ug/kg 3.4 U 3.5 U 3.5 U 3.5 U
4,4'-DDD ug/kg 3.4 U 3.5 U 3.5 U 3.5 U
Endosulfan Sulfate ug/kg 3.4 U 3.5 U 3.5 U 3.5 U
4,4-DDT ug/kg 3000 3.4 U 3.5 U 3.5 U 3.5 U
Methoxychlor ug/kg 17 U 17 U 17 U 18 U
Endrin Ketone ug/kg 3.4 U 3.5 U 3.5 U 3.5 U
Endrin Aldehyde ug/kg 3.4 U 3.5 U 3.5 U 3.5 U
gamma Chlordane ug/kg 1.7 U 1.7 U 1.7 U 1.8 U
alpha Chlordane ug/kg 1.7 U 1.7 U 1.7 U 1.8 U
Toxaphene ug/kg 170 U 170 U 170 U 180 U

Conventionals
Total Solids Percent 97.7 96
Nitrate mg-N/kg [8000] 0.07 0.07
Nitrite mg-N/kg [8000] 0.11 0.11
Nitrate+Nitrite mg-N/kg 0.18 0.18
Total Coliform CFU/g 11 U 238

#U = Compound not detected, # is detection limit
#j = value is below normal reporting limits, the value reported is an estimate
ND = not detected; D = detected
BHP- = soil sample collected from the floor of a test pit
SS- = surficial soil sample
MTCA Method B cleanup levels are shown in [] if no MTCA A cleanup level is established and the analyte was detected in samples.
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Table 2. Analytical Summary for Groundwater Samples
WSDOT-Potlatch Site Environmental Assessment

Skok-3 Skok-2 Skok-4 Skok-1 Skok-5
MTCA A WAC 173-200-040 7/13/2005 7/11/2005 7/11/2005 7/11/2005 7/21/2005
[MTCA B]

HCID
Gasoline ND ND ND ND ND
Diesel ND ND ND ND ND
Heavy Oil ND ND ND ND ND

VOCs ND ND ND ND ND
(individual VOCs provided in Appendix B, no VOCs detected)

Non-Carcinogenic PAHs
Naphthalene ug/L 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
Acenaphthylene ug/L 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
Acenaphthene ug/L 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
Benzo(g,h,i)perylene ug/L 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
Fluorene ug/L 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
Phenanthrene ug/L 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
Anthracene ug/L 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
Fluoranthene ug/L 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
Pyrene ug/L 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U

Carcinogenic PAHs
Benzo(a)anthracene ug/L 0.1 (total) 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
Chrysene ug/L 0.1 (total) 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
Benzo(b)fluoranthene ug/L 0.1 (total) 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
Benzo(k)fluoranthene ug/L 0.1 (total) 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
Benzo(a)pyrene ug/L 0.1 (total) 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
Indeno(1,2,3-cd)pyrene ug/L 0.1 (total) 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
Dibenzo(a,h)anthracene ug/L 0.1 (total) 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U

PCBs
Aroclor 1016 ug/L 0.1 (total) 0.11 U 0.10 U 0.10 U 0.10 U 0.10 U
Aroclor 1242 ug/L 0.1 (total) 0.11 U 0.10 U 0.10 U 0.10 U 0.10 U
Aroclor 1248 ug/L 0.1 (total) 0.11 U 0.10 U 0.10 U 0.10 U 0.10 U
Aroclor 1254 ug/L 0.1 (total) 0.11 U 0.10 U 0.10 U 0.10 U 0.10 U
Aroclor 1260 ug/L 0.1 (total) 0.11 U 0.10 U 0.10 U 0.10 U 0.10 U
Aroclor 1221 ug/L 0.1 (total) 0.11 U 0.10 U 0.10 U 0.10 U 0.10 U
Aroclor 1232 ug/L 0.1 (total) 0.11 U 0.10 U 0.10 U 0.10 U 0.10 U

Pesticides/PCB
alpha-BHC ug/L 0.0050 U 0.0050 U 0.0050 U 0.0050 U 0.0050 U
beta-BHC ug/L 0.0050 U 0.0050 U 0.0050 U 0.0050 U 0.0050 U
delta-BHC ug/L 0.0050 U 0.0050 U 0.0050 U 0.0050 U 0.0050 U
gamma-BHC (Lindane) ug/L 0.2 0.0050 U 0.0050 U 0.0050 U 0.0050 U 0.0050 U
Heptachlor ug/L 0.0050 U 0.0050 U 0.0050 U 0.0050 U 0.0050 U
Aldrin ug/L 0.0050 U 0.0050 U 0.0050 U 0.0050 U 0.0050 U
Heptachlor Epoxide ug/L 0.0050 U 0.0050 U 0.0050 U 0.0050 U 0.0050 U
Endosulfan I ug/L 0.0050 U 0.0050 U 0.0050 U 0.0050 U 0.0050 U
Dieldrin ug/L 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U
4,4'-DDE ug/L 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U
Endrin ug/L 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U
Endosulfan II ug/L 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U
4,4'-DDD ug/L 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U
Endosulfan Sulfate ug/L 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U
4,4-DDT ug/L 0.3 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U
Methoxychlor ug/L 0.050 U 0.050 U 0.050 U 0.050 U 0.050 U
Endrin Ketone ug/L 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U
Endrin Aldehyde ug/L 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U
gamma Chlordane ug/L 0.0050 U 0.0050 U 0.0050 U 0.0050 U 0.0050 U
alpha Chlordane ug/L 0.0050 U 0.0050 U 0.0050 U 0.0050 U 0.0050 U
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Skok-3 Skok-2 Skok-4 Skok-1 Skok-5
MTCA A WAC 173-200-040 7/13/2005 7/11/2005 7/11/2005 7/11/2005 7/21/2005
[MTCA B]

Toxaphene ug/L 0.50 U 0.50 U 0.50 U 0.50 U 0.50 U

Total Metals
Arsenic ug/L 5 7.6 0.2 U 0.2 U 0.2 U 0.6
Barium ug/L [560] 1000 581 1.6 9 9.3 26.8
Cadmium ug/L 5 0.3 0.2 U 0.2 U 0.2 U 0.2
Chromium ug/L 50 (100  Cr III) 50 150 0.7 1.9 1.3 11
Lead ug/L 15 12 1 U 1 U 1 U 1
Mercury ug/L 2 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
Selenium ug/L 1 U 0.5 U 0.5 U 0.5 U 0.5 U
Silver ug/L 80 50 0.3 0.2 U 0.2 U 0.2 U 0.2 U

Dissolved Metals
Arsenic ug/L 5 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U
Barium ug/L [560] 1 1.1 1.2 5.9 1.7
Cadmium ug/L 5 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U
Chromium ug/L 50 0.5 U 0.5 U 0.5 U 0.9 0.5 U
Lead ug/L 15 1 U 1 U 1 U 1 U 1 U
Mercury ug/L 2 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
Selenium ug/L 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
Silver ug/L 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U

Conventionals
Nitrate mg-N/L [1600] 10 0.384 0.08 0.408 0.717 0.691
Nitrite mg-N/L [1600] 0.033 0.010 U 0.010 U 0.010 U 0.010 U
Nitrate+Nitrite mg-N/L 0.417 0.08 0.408 0.717 0.691
Fecal Coliform CFU/100 mL 1 U 1 U 1 U 1 U 1 U
Total Coliform CFU/100 mL 1 U

#U = Compound not detected, # is detection limit
Shaded values indicate detections; bold values indicate compound concentration exceeds MTCA A, MTCA B, and/or WAC 173-200-040 criteria.
MTCA Method B cleanup levels are shown in [] if no MTCA A cleanup level is established and the analyte was detected in samples.
The MTCA A cleanup level for chromium is based on the toxicity of hexavalent chromium. If just trivalent chromium is present, 100 ug/L is the MTCA A cleanup
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Table 3. Surficial Soil Samples cPAH Evaluations
         WSDOT-Potlatch Site Environmental Assessment

cPAH Concentrations (from Table 1) Toxicity Equivalent Concentrations (calculated)
TEF SS-2 SS-1 SS-4 SS-3 SS-5 SS-2 SS-1 SS-4 SS-3 SS-5

Benzo(a)anthracene ug/kg 0.1 50 50 50 5 5 5 5 0.5
Chrysene ug/kg 0.01 50 50 50 13 0.5 0.5 0.5 0.13
Benzo(b)fluoranthene ug/kg 0.1 50 50 50 5 5 5 5 0.5
Benzo(k)fluoranthene ug/kg 0.1 50 50 50 13 5 5 5 1.3
Benzo(a)pyrene ug/kg 1 50 50 50 5 50 50 50 5
Indeno(1,2,3-cd)pyrene ug/kg 0.1 50 50 50 5 5 5 5 0.5
Dibenzo(a,h)anthracene ug/kg 0.4 50 50 50 5 20 20 20 2

Total cPAH Toxicity Equivalent Concentrations (ug/kg): 90.5 90.5 90.5 9.93
Total cPAH Toxicity Equivalent Concentrations (mg/kg): 0.09 0.09 0.09 0.01

MTCA Method A Cleanup Level (mg/kg): 0.1 0.1 0.1 0.1

Italic indicates compound not detected, value given is laboratory reporting limit
TEF = Toxicity Equivalency Factor
Bold indicates Total cPAH Toxicity Equivalent Concentration exceeds MTCA A cleanup level
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LABORATORY ANALYTICAL REPORTS 
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APPENDIX A 
TEST PIT LOGS AND WELL CONSTRUCTION AS-BUILT LOGS 



FIGURE 3

SKOK-5 GEOLOGIC LOG AND AS-BUILT

6-inch diameter boring

Lockable steel
monument

Baroid 3/8-inch bentonite 

2-inch schedule 40
flush threaded PVC riser

10 feet of 0.010-inch
slot screen with tailpipe

Colorado Silica Sand
# 10-20

Concrete surface seal

chips

Damp, brown, slightly sandy, fine GRAVEL.

Damp, brown, gravelly SAND.

Damp, brown, silty SAND and fine GRAVEL.

Wet, mottled brown, slightly silty, gravelly, 
coarse SAND.

Wet, brown, silty, SAND and GRAVEL. 
Material is siltbound (TILL).

Wet, brown, gravelly, coarse SAND. Heaving 
sand.

Bottom of Boring
7/19/2005
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Test Pit BHP-1 

0 - Damp, brown, alighUy &illy, sandy GRAVEL (FILL). Oclora not observed. -0 

1 - Some black organic matter. -1 

I Black plastic conduit. I 2 - -2 

~ 3 - -3 ~ 
c11 Damp, red-brown, slightly silty, sandy GRAVEL with cobble&. c11 
l! 4 - -4 l! 
~ ~ 

(!) 5 - -5 (!) 

~ ~ 
;ii 6 6 ;ii 
:§. Moist, brown, SAND and GRAVEL. :§. 7 - -7 
GI 

Bottom of Excavadon at 7.5 feet 
GI c c 

8 - below ground, 6129/05 -8 

9 - -9 

10 10 

Test Pit BHP-2 
0 - Dry, light brown, crushed ROCK, SAND, and GRAVEL (Fill.). Odors not obsalved. -0 

I 
1 -

2 -

-1 

-2 I 
~ 
:I 
Ul 

3 - -3 ~ 
:I 
Ul 

"Cl c 4 - -4 "Cl c 
:I 

Damp, red-brown, allghlly allty, sandy GRAVEL (TILL). 
:I 

E! E! 
(!) 5 - Backhoe refusal at 5.5 feet. -5 (!) 

~ Bottom of Excavadon at 5.5 feet ~ 
'ii B - below ground, 6130/05 -6 'ii 
m m 

t 
~ 

7 - -7 t 
~ 

8 - -8 

9 - -9 

10 10 

LEGEND FIGUREA-1 
WSDOT-Potlatch Test Pit Logs 
BHP-1 and BHP-2 

JK0411, WSDOT-Pollatch Investigation 
Pg G 



Dry, brown, sandy GRAVEL with plastic debris (FILL).

Bottom of Excavation at 6.5 feet 
below ground, 6/30/05

Bottom of Excavation at 6.5 feet 
below ground, 6/30/05

Red-brown, silty, sandy GRAVEL (TILL).

Damp, brown, slightly silty, sandy GRAVEL (FILL). Odors not observed. 

Damp, brown, silty, sandy GRAVEL with cobbles. Approximately 1 foot irregular diameter dark brown mass 
may be a rotten piece of log with clay. Easier digging (possible fill).
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FIGURE A-2
WSDOT-Potlatch Test Pit Logs

JK0411, WSDOT-Potlatch Investigation

LEGEND

BHP-3 and BHP-4 Logs
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HONG WEST & ASSOCIATES, INC. 
EXCAVATION COMPANY: 
EXCAVATION METHOD: Backhoe 
SAMPLING METHOD: 

u; 

~ 
u 
(f) 

2 
,_; 

'" z 
0 (f) 

(f) u "" w -' -' 
-' ,_; 0 u 
<l. en "' -' ::E 0 ::E 0 « >- DESCRIPTION (f) ::E en (f) 

ML Dark brown, sandy SILT (GRAVELLY SANDY LOAM). 

""'' SW Coarse gravelly SANO (VERY GRAVELLY TO COARSE SAND) . 

.. - . 
. ·: SM Brown, silty SANO (LOAMY SANO). 

Brown, coarse SAND. 

Bottom of Test Pit at 6.0 feet. 

TEST PIT LOG 
TOTAL DEPTH: 6.0 Feet 

SURFACE ELEVATJON: 25• Feet 

• Moist. Cont. 1%) 
PL Plastic Limit 
LL Liquid Limit 

0 20 40 60 80 

NOTE: This log of subsurface conditions applies only at the specified location and on the date indicated. 

PROJECT: SKOKOMISH FACILITY PLAN TEST PIT: TP-7 
LOCATION: Section 35, SW Corner 
DATE COMPLETED: September 7, 1994 
LOGGED BY: Derek Sandison 

PROJECT NUMBER: 94032 
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HONG WEST & ASSOC I ATES, INC. 
EXCAVATION COMPANY: 
EXCAVATION METHOD: Backhoe 
SAMPLING METHOD: 

U1 

~ 
{.) 
(f) 

2 
,_: 

ui z 
0 (f) 

(f) {.) <[ 

w -' -' 
-' ,_: 0 {.) 
a. (f) CD -' "' 0 "' 0 <[ >- DESCRIPTION (f) "' (f) (f) 

ML Brown, sandy SILT (GRAVELLY SANDY LOAM). 

:,J~ SW Coarse gravelly SAND (VERY GRAVELLY TO COARSE SAND). 

lil 
·: SM Brown, silty SANO (LOAMY SANO). 

SP Brown, coarse SAND. 

Bottom of Test Pit at 6.0 feet. 

TEST PIT LOG 
TOT AL DEPTH: 6.0 Feet 

SURF ACE ELEVATION: 25 • Feet 

• Moist. Cont. (%) 
PL Plastic Limit 
LL Liquid Limit 

0 20 40 60 BO 

... -.... · ...... , ......... , .. 

NOTE: This log of subsurface conditions applies only at the specified location and on the date Indicated. 

PROJECT: SKOKOMISH FACILITY PLAN TEST PIT: TP-8 
LOCATION: Section 35, SW Corner 
DATE COMPLETED: September 7, 1994 
LOGGED BY: Derek Sandison 

PROJECT NUMBER: 94032 

PAGE: I OF I 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix G 
Well Logs for Core Area Infiltration Basin Site, Hong West (1997) 



-......{z .. 

1000' 0 1000' 2000' 
;;; 

CAA.PHIC ~ 1°-2000' 

~ 

RESERVATION '''''''!''''''''''*''''''''"' 1 
BOUNDARY 

MAJOR ROUTE 

LOCAL ROUTE 

GRAVEL ROUTE ----­

STATE PARK 
BOU DARY 

WETLANDS . . . .. .. .. .. . .. . ... 

-$- TEST PIT LOCATION 

C§D FLOOD PLAIN ALLUVIUM 

LJLJ SWAMP MARSH & BOG DEPOSITS 

or:=J VASHON RECESSIONAL OUTWASH 

OLJ VASHON TILL 

13:] VASHON ADVANCE OUTWASH 

CE:] PRE VASHON GLACIAL AND 
INTERGLACIAL DEPOSITS 

C: \JOBS\9<4032\6-001.J)~ 

..:i 

~ 
23 
§ 
~ 

>... 

~ 

·:· · · -: · .·.· 

GEOLOGY FROM SHANNON & WILSON INC., 1978 
REFER TO FIGURE 2 FOR OESCRJPTION OF GEOLOGIC UNITS 

~~ 

-ff ONG WEST 
l- ASSOCIATE5', I N C. 

-$-TP·3 

Vr 

. : -.. ; .. 

SKOKOMISH WASTEWATER 
PLAN 

PROJECT AREA FEATURES 
AND GEOLOGY 

PROJECT NO.: 94032 FlGURf:: 1 
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HONG WEST & ASSOCIATES , INC. 
E XCAVA TION COMPANY: 
E XCAVATION METHOD: Backho e 
SAMPLING MET HOD: . 

(ii 

~ 
u 
(/) 

2 
~ ~ ui QI 

TEST PIT LOG 
TOT AL DEPT H: 6.0 Feet 

SURFACE ELEVATION: 2St Feet 

~ IJl 

z 
0 u 

(/) 

j 

• Moist. Cont. (%) 
PL Plastic Limit 
LL Liquid Limit ::z: ..... 

c.. 
LU 
0 

0 

5 

LU 
...J i-: a.. en ::c 0 < 
(/) x 

_, 
0 u 
Q) ...J ::c 0 >- DESCRIPTION (J) (/) 

ML Dark brown, sandy SILT (GRAVELLY SANDY LOAM). 

ti{ SW Coarse gravelly SAND (VERY GRAVELLY TO COARSE SAND). 

:::::::·: 

f) 
/U~ :.·.: .. ~ . . 
: ·: · : SM Brown, sil ly SANO (LOAMY SAND). 

Bollom of Test Pit al e.o fee l. 

0 20 40 60 80 

.. . . . . . . . ,, ...... .... .. .... ,. .. •.• .. ~ · .. 

NOTE: This log or subsurrace conditions applies only at the specified 1ocat1on and on the date Indica ted. 

PROJECT: SKOKOMISH FACILITY PLAN TEST PIT: TP-7 
LOCATION: Sec t ion 35, SW Corne r 
DATE COMPLETED: Se p tember 7, 1994 
LOGGED B Y: Derek S an d i son 

PROJECT NUMBER: 9403 2 
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HONG WEST & ASSOCIATES I INC. 
EXCAVATION COMP ANY: 
EXCAVATION METHOD: Backhoe 
SAMPLING METHOD: 

it 

i-: 
:z 
0 

(/) u 
LU 
..J ...; 
0... (/} :x 0 < en :z: 

(ij 
(.) 
en 
2 
en en 
< 

..J ..J 
0 (.) 

00 --' % ...... 
>- 0 

DESCRIPTION I.fl (/) 

ML Brown, sandy SILT (GRAVELLY SANDY LOAM). 

t~~; SW Coarse gravelly SANO (VERY GRAVELLY TO COARSE SANO). 

:::::::·: 

~!% 
:::::: 

}/~ 
: ·: : SM Brown, silty SANO (LOAMY SANO). 

Bottom of Test Pil al 6.0 feet. 

TEST PIT LOG 
TOTAL DEPTH: 6.0 Feet 

SURFACE ELEVATION: 25 t Feet 

• Moist. Cont. (%] 
PL Plastic limit 
LL Liquid Limit 

0 20 40 60 80 

. . .. . . . 
• • •; ' ' *•' • •\' '• I'' ' # ' ' .,,' ' ~ ·• ' 

NOTE: TNs log of subsurface condftloru appfles onty at the specflied location and on the date Indicated. 

PROJECT: SKOKOMISH FACILITY PLAN TEST PIT: TP-8 
LOCATION; Section 35, SW Corner 
DATE COMPLETED: September 7, 1994 

LOGGED S Y: Derek Sandison 

PROJECTNUMBER: 94032 

PAGE: I OF I 
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  Appendix H 
                                                                        Collection System Modeling, E-One (2007) 
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June 26, 2007
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June 13, 2007 
 
Jane Kelly 
Cascade Design Professionals Inc. 
2780 SE Harrison Street, Suite 104 
Milwaukie, OR 97222 
 
Subject: Skokomish Indian Tribe, WA - Low Pressure Sewer System 
 
Dear Jane; 
 
Environment One is pleased to provide the following preliminary design analysis 
examining the use of a low pressure sewer system using Environment One 
Grinder Pumps for Skokomish Indian Tribe, WA. The low pressure sewer 
approach provides not only a technical solution, but also an economic advantage 
to be realized with low up front and O&M costs. 
 
System Analysis 
 
Using the drawings and data you provided, I ran the enclosed preliminary 
pressure sewer pipe sizing analysis. This was run through our Low Pressure 
Sewer Design Software that employs our Flow Velocity and Friction Head Loss 
vs. Pumps in Simultaneous Operation Spreadsheet. Computations are based on 
the Hazen-Williams formula for friction loss, using  calculations of cross-sectional 
area and flow rate to determine pipe sizes that create ”self-cleaning” velocities of 
2.0 fps or higher. A "C" factor of 150, SDR 11 HDPE pipe, and 200 gpd per unit 
are also used in this analysis.  
 
There are 391 grinder pump stations represented in the following hydraulic 
model. The model includes 71 zones, each representing a section of the low 
pressure main and its corresponding hydraulic characteristics. The highest Total 
Dynamic Head generated in the system is approximately 129 ft. This is below our 
pump’s continuous-run rating of 185 ft and safely within its intermittent operating 
range. Flow velocities meet or exceed 2.0 fps throughout the system. These 
characteristics combined with low retention time indicate that this will be a 
reliable, low-maintenance system.  
 

Environment One Corporation 

2773 Balltown Road 

Niskayuna, NY 12309-1090 

Phone: (518) 346-6161 ext. 3022 

Fax: (518) 346-6188  

e-mail:  kblond@.eone.com 



 2 

General recommendations for valve placement are: cleanout valves at 1,000 to 
1,500 ft intervals and at branch ends and junctions; isolation valves at branch 
junctions; and air release valves at peaks of 25 ft or more and/or at intervals of 
2,000 to 2,500 ft.  
 
Quantities of grinder pumps, pipe, and appurtenances are indicated on the cost 
page. The height of the grinder pump indicated may not be the most appropriate 
for the specific location or requirements of the project. We recommend you 
contact your local distributor of Environment One product for additional 
recommendations. Costs of these items and their installation are also best 
obtained from sources in your region. 
  
I am looking forward to working with you on this and future projects. Please 
contact me if you any questions or require additional information. 
 
Best regards, 
 
 
 
Keith Blond 
LPS System Designer 
Environment One Corp. 
 



Skokomish Indian Tribe, WA 6-07

June 26, 2007

SDR21PVC 150

2.15 20.07 138.44 50.00 16.00 34.00 172.442.00 3 31.00 933.001.50 3.04211.00200.00 22.00

1.54 5.05 118.36 50.00 16.00 34.00 152.3671.00 2 52.00 327.002.00 2.92311.00200.00 33.00

1.17 2.67 115.99 50.00 16.00 34.00 149.9971.00 1 13.00 228.001.25 2.00111.00200.00 11.00

1.54 10.79 101.22 50.00 16.00 34.00 135.225.00 3 94.00 699.002.00 2.92311.00567.00 33.00

2.63 35.93 90.43 50.00 16.00 34.00 124.436.00 9 185.00 1,367.002.00 3.89411.00200.00 44.00

0.60 2.09 54.50 50.00 16.00 34.00 88.508.00 4 226.00 347.003.00 2.24511.00200.00 55.00

2.15 8.54 60.95 50.00 16.00 34.00 94.958.00 3 37.00 397.001.50 3.04211.00200.00 22.00

0.60 4.85 52.40 50.00 16.00 34.00 86.4014.00 5 308.00 804.003.00 2.24511.00200.00 55.00

2.15 18.16 73.83 50.00 16.00 34.00 107.8312.00 3 39.00 844.001.50 3.04211.00200.00 22.00

2.15 12.39 74.18 50.00 16.00 34.00 108.1811.00 3 310.00 576.001.50 3.04211.00200.00 22.00

1.54 6.13 61.79 50.00 16.00 34.00 95.7912.00 2 511.00 397.002.00 2.92311.00200.00 33.00

1.54 5.51 55.67 50.00 16.00 34.00 89.6713.00 1 912.00 357.002.00 2.92311.00200.00 33.00

2.63 2.60 50.16 50.00 16.00 34.00 84.1614.00 1 1013.00 99.002.00 3.89411.00200.00 44.00

0.85 0.67 47.55 50.00 16.00 34.00 81.5517.00 0 4014.00 79.003.00 2.69611.00200.00 66.00

2.15 6.82 58.91 50.00 16.00 34.00 92.9116.00 3 315.00 317.001.50 3.04211.00200.00 22.00

1.54 5.20 52.09 50.00 16.00 34.00 86.0917.00 4 716.00 337.002.00 2.92311.00200.00 33.00

0.85 2.10 46.89 50.00 16.00 34.00 80.8920.00 0 4717.00 248.003.00 2.69611.00200.00 66.00

2.15 3.21 53.04 50.00 16.00 34.00 87.0419.00 3 318.00 149.001.50 3.04211.00200.00 22.00

1.54 5.05 49.84 50.00 16.00 34.00 83.8420.00 6 919.00 327.002.00 2.92311.00200.00 33.00

1.12 0.89 44.79 50.00 16.00 34.00 78.7923.00 1 5720.00 79.003.00 3.14711.00200.00 77.00

2.15 5.34 52.60 50.00 16.00 34.00 86.6022.00 3 321.00 248.001.50 3.04211.00200.00 22.00

1.54 3.36 47.27 50.00 16.00 34.00 81.2723.00 3 622.00 218.002.00 2.92311.00200.00 33.00

1.12 14.07 43.90 50.00 16.00 34.00 77.9026.00 12 7523.00 1,251.003.00 3.14711.00200.00 77.00

2.15 18.81 62.20 50.00 16.00 34.00 96.2025.00 3 324.00 874.001.50 3.04211.00200.00 22.00

1.54 13.56 43.39 50.00 16.00 34.00 77.3926.00 4 725.00 879.002.00 2.92311.00200.00 33.00

0.42 0.67 29.83 50.00 16.00 34.00 63.8327.00 1 8326.00 159.004.00 2.17811.00200.00 88.00

0.42 2.27 29.16 50.00 16.00 34.00 63.1631.00 4 8727.00 536.004.00 2.17811.00200.00 88.00

2.15 3.61 42.07 50.00 16.00 34.00 76.0729.00 3 328.00 168.001.50 3.04211.00200.00 22.00

1.54 5.05 38.45 50.00 16.00 34.00 72.4530.00 6 929.00 327.002.00 2.92311.00200.00 33.00

2.63 6.52 33.41 50.00 16.00 34.00 67.4131.00 5 1430.00 248.002.00 3.89411.00200.00 44.00

0.42 2.90 26.89 50.00 16.00 34.00 60.8937.00 4 10531.00 685.004.00 2.17811.00200.00 88.00

2.15 3.61 43.63 50.00 16.00 34.00 77.6333.00 3 332.00 168.001.50 3.04211.00200.00 22.00

1.54 3.52 40.02 50.00 16.00 34.00 74.0236.00 4 733.00 228.002.00 2.92311.00200.00 33.00

2.15 3.83 41.83 50.00 16.00 34.00 75.8335.00 3 334.00 178.001.50 3.04211.00200.00 22.00

1.54 1.50 38.00 50.00 16.00 34.00 72.0036.00 2 535.00 97.002.00 2.92311.00200.00 33.00

2.63 12.51 36.50 50.00 16.00 34.00 70.5037.00 5 1736.00 476.002.00 3.89411.00200.00 44.00

0.53 9.15 23.99 50.00 16.00 34.00 57.9941.00 11 13337.00 1,738.004.00 2.44911.00200.00 99.00

1

W:\Engineering Data\AE\Design Assistant Files\Skokomish Indian Tribe, WA 6-07.MDB

PRELIMINARY PRESSURE SEWER - PIPE SIZING AND BRANCH ANALYSIS

Prepared By:

This spreadsheet was calculated using pipe diameters for:  Friction loss calculations were based on a Constant for inside roughness of  "C"  =

Page Note:  This analysis is valid only with the use of progressive cavity type grinder pumps as manufactured by Environment One.

Keith Blond

Length of Friction Loss Friction Loss Accumulated Max Main Minimum TotalStaticZone MaxPipeMax FlowGal/Day Max MaxConnects Number Accum

Main this Factor this Zone Friction Loss Elevation Pump DynamicHeadNumber VelocitySize(GPM)per Core Flow Simto Zone of Pumps Pumps

Zone (ft/100ft) (Feet) Elevation Head (ft)(Feet)(FPS)(Inches)per Opsin Zone in Zone

Core



Skokomish Indian Tribe, WA 6-07

June 26, 2007

SDR21PVC 150

1.54 18.55 57.45 50.00 16.00 34.00 91.4539.00 5 538.00 1,202.002.00 2.92311.001470.00 33.00

1.54 7.36 38.91 50.00 16.00 34.00 72.9172.00 4 939.00 477.002.00 2.92311.00200.00 33.00

0.59 4.73 19.56 50.00 16.00 34.00 53.5641.00 6 1940.00 805.004.00 2.59511.00200.00 105.00

On        40.001 36000.00GPD: Type: 50.00GPM: Desc: 

1.28 2.04 14.83 50.00 16.00 34.00 48.8342.00 1 15341.00 159.004.00 3.941011.00200.00 160.00

1.28 11.84 12.80 50.00 16.00 34.00 46.8070.00 8 16142.00 924.004.00 3.941011.00200.00 160.00

2.15 18.16 63.55 22.00 8.00 14.00 77.5544.00 3 343.00 844.001.50 3.04211.00200.00 22.00

1.54 6.03 45.39 22.00 8.00 14.00 59.3945.00 6 944.00 391.002.00 2.92311.00200.00 33.00

2.63 7.99 39.36 22.00 8.00 14.00 53.3646.00 9 1845.00 304.002.00 3.89411.00200.00 44.00

0.60 9.81 31.36 22.00 8.00 14.00 45.3648.00 8 2646.00 1,626.003.00 2.24511.00200.00 55.00

2.15 5.87 27.43 22.00 8.00 14.00 41.4348.00 2 247.00 273.001.50 3.04211.00200.00 22.00

0.60 0.97 21.56 22.00 8.00 14.00 35.5649.00 2 3048.00 161.003.00 2.24511.00200.00 55.00

0.85 3.41 20.58 22.00 8.00 14.00 34.5859.00 10 4049.00 403.003.00 2.69611.00200.00 66.00

2.15 2.73 37.86 22.00 8.00 14.00 51.8651.00 3 350.00 127.001.50 3.04211.00200.00 22.00

1.54 3.44 35.13 22.00 8.00 14.00 49.1354.00 1 451.00 223.002.00 2.92311.00200.00 33.00

2.15 2.67 35.50 22.00 8.00 14.00 49.5053.00 3 352.00 124.001.50 3.04211.00200.00 22.00

1.54 1.14 32.83 22.00 8.00 14.00 46.8354.00 2 553.00 74.002.00 2.92311.00200.00 33.00

1.54 2.01 31.69 22.00 8.00 14.00 45.6957.00 0 954.00 130.002.00 2.92311.00200.00 33.00

2.15 3.72 34.55 22.00 8.00 14.00 48.5556.00 3 355.00 173.001.50 3.04211.00200.00 22.00

1.54 1.14 30.83 22.00 8.00 14.00 44.8357.00 1 456.00 74.002.00 2.92311.00200.00 33.00

2.63 10.75 29.68 22.00 8.00 14.00 43.6858.00 5 1857.00 409.002.00 3.89411.00200.00 44.00

0.60 1.76 18.93 22.00 8.00 14.00 32.9359.00 6 2458.00 291.003.00 2.24511.00200.00 55.00

1.12 17.18 17.18 22.00 8.00 14.00 31.1859.00 1 6559.00 1,527.003.00 3.14711.00200.00 77.00

1.54 10.88 27.43 50.00 16.00 34.00 61.4365.00 6 660.00 705.002.00 2.92311.00200.00 33.00

2.15 2.11 31.44 50.00 16.00 34.00 65.4462.00 3 361.00 98.001.50 3.04211.00200.00 22.00

1.54 4.03 29.33 50.00 16.00 34.00 63.3363.00 6 962.00 261.002.00 2.92311.00200.00 33.00

2.63 6.78 25.30 50.00 16.00 34.00 59.3064.00 9 1863.00 258.002.00 3.89411.00200.00 44.00

0.60 1.97 18.52 50.00 16.00 34.00 52.5265.00 6 2464.00 327.003.00 2.24511.00200.00 55.00

0.85 6.88 16.55 50.00 16.00 34.00 50.5569.00 6 3665.00 814.003.00 2.69611.00200.00 66.00

2.15 2.99 27.29 50.00 16.00 34.00 61.2967.00 3 366.00 139.001.50 3.04211.00200.00 22.00

1.54 3.67 24.30 50.00 16.00 34.00 58.3068.00 6 967.00 238.002.00 2.92311.00200.00 33.00

2.63 10.96 20.63 50.00 16.00 34.00 54.6369.00 9 1868.00 417.002.00 3.89411.00200.00 44.00

1.12 8.71 9.67 50.00 16.00 34.00 43.6770.00 1 5569.00 774.003.00 3.14711.00200.00 77.00

0.25 0.96 0.96 50.00 16.00 34.00 34.9670.00 0 21670.00 387.006.00 2.071211.00200.00 182.00

1.54 12.10 113.32 50.00 16.00 34.00 147.324.00 0 671.00 784.002.00 2.92311.00200.00 33.00

2.63 11.99 31.55 50.00 16.00 34.00 65.5540.00 4 1372.00 456.002.00 3.89411.00200.00 44.00
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Skokomish Indian Tribe, WA 6-07

June 26, 2007

SDR21PVC

12.07 933.00 112.62 600 5.33 4.50 16.741.00 2.00 1.503

18.84 327.00 61.61 1,000 16.23 1.48 12.242.00 71.00 2.005

9.14 228.00 20.85 200 9.59 2.50 13.263.00 71.00 1.251

18.84 699.00 131.71 2,901 22.03 1.09 7.814.00 5.00 2.009

18.84 1,367.00 257.57 4,701 18.25 1.31 6.725.00 6.00 2.0018

40.90 347.00 141.91 5,501 38.76 0.62 5.406.00 8.00 3.0022

12.07 397.00 47.92 600 12.52 1.92 6.707.00 8.00 1.503

40.90 804.00 328.80 7,101 21.60 1.11 4.788.00 14.00 3.0030

12.07 844.00 101.87 600 5.89 4.07 8.879.00 12.00 1.503

12.07 576.00 69.52 600 8.63 2.78 9.3710.00 11.00 1.503

18.84 397.00 74.80 1,000 13.37 1.80 6.5911.00 12.00 2.005

18.84 357.00 67.27 1,800 26.76 0.90 4.7912.00 13.00 2.009

18.84 99.00 18.65 2,000 107.22 0.22 3.8913.00 14.00 2.0010

40.90 79.00 32.31 9,101 281.70 0.09 3.6714.00 17.00 3.0040

12.07 317.00 38.26 600 15.68 1.53 6.2015.00 16.00 1.503

18.84 337.00 63.50 1,400 22.05 1.09 4.6716.00 17.00 2.007

40.90 248.00 101.42 10,501 103.54 0.23 3.5817.00 20.00 3.0047

12.07 149.00 17.98 600 33.36 0.72 4.8918.00 19.00 1.503

18.84 327.00 61.61 1,800 29.21 0.82 4.1719.00 20.00 2.009

40.90 79.00 32.31 12,501 386.93 0.06 3.3520.00 23.00 3.0057

12.07 248.00 29.93 600 20.04 1.20 5.3121.00 22.00 1.503

18.84 218.00 41.08 1,200 29.21 0.82 4.1122.00 23.00 2.006

40.90 1,251.00 511.61 16,101 31.47 0.76 3.2923.00 26.00 3.0075

12.07 874.00 105.49 600 5.69 4.22 9.5924.00 25.00 1.503

18.84 879.00 165.62 1,400 8.45 2.84 5.3725.00 26.00 2.007

67.65 159.00 107.57 17,701 164.56 0.15 2.5326.00 27.00 4.0083

67.65 536.00 362.61 18,501 51.02 0.47 2.3827.00 31.00 4.0087

12.07 168.00 20.28 600 29.59 0.81 3.9528.00 29.00 1.503

18.84 327.00 61.61 1,800 29.21 0.82 3.1329.00 30.00 2.009

18.84 248.00 46.73 2,800 59.92 0.40 2.3130.00 31.00 2.0014

67.65 685.00 463.41 22,101 47.69 0.50 1.9131.00 37.00 4.00105

12.07 168.00 20.28 600 29.59 0.81 3.5932.00 33.00 1.503

18.84 228.00 42.96 1,400 32.59 0.74 2.7833.00 36.00 2.007

12.07 178.00 21.49 600 27.93 0.86 3.3434.00 35.00 1.503

18.84 97.00 18.28 1,000 54.71 0.44 2.4835.00 36.00 2.005

18.84 476.00 89.69 3,400 37.91 0.63 2.0436.00 37.00 2.0017

67.65 1,738.00 1,175.78 27,701 23.56 1.02 1.4137.00 41.00 4.00133

18.84 1,202.00 226.48 7,350 32.45 0.74 1.9138.00 39.00 2.005

18.84 477.00 89.88 8,150 90.68 0.26 1.1739.00 72.00 2.009
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Skokomish Indian Tribe, WA 6-07

June 26, 2007

SDR21PVC

67.65 805.00 544.59 46,150 84.74 0.28 0.6740.00 41.00 4.0019

67.65 159.00 107.57 74,051 688.43 0.03 0.3941.00 42.00 4.00153

67.65 924.00 625.10 75,651 121.02 0.20 0.3642.00 70.00 4.00161

12.07 844.00 101.87 600 5.89 4.07 10.4243.00 44.00 1.503

18.84 391.00 73.67 1,800 24.43 0.98 6.3444.00 45.00 2.009

18.84 304.00 57.28 3,600 62.85 0.38 5.3645.00 46.00 2.0018

40.90 1,626.00 664.97 5,200 7.82 3.07 4.9846.00 48.00 3.0026

12.07 273.00 32.95 400 12.14 1.98 3.8947.00 48.00 1.502

40.90 161.00 65.84 6,000 91.13 0.26 1.9148.00 49.00 3.0030

40.90 403.00 164.81 8,000 48.54 0.49 1.6549.00 59.00 3.0040

12.07 127.00 15.33 600 39.14 0.61 4.4650.00 51.00 1.503

18.84 223.00 42.02 800 19.04 1.26 3.8551.00 54.00 2.004

12.07 124.00 14.97 600 40.09 0.60 3.5252.00 53.00 1.503

18.84 74.00 13.94 1,000 71.72 0.33 2.9253.00 54.00 2.005

18.84 130.00 24.49 1,800 73.48 0.33 2.5954.00 57.00 2.009

12.07 173.00 20.88 600 28.73 0.84 3.5255.00 56.00 1.503

18.84 74.00 13.94 800 57.38 0.42 2.6856.00 57.00 2.004

18.84 409.00 77.06 3,600 46.71 0.51 2.2657.00 58.00 2.0018

40.90 291.00 119.01 4,800 40.33 0.60 1.7558.00 59.00 3.0024

40.90 1,527.00 624.48 13,000 20.82 1.15 1.1559.00 59.00 3.0065

18.84 705.00 132.84 1,200 9.03 2.66 4.6160.00 65.00 2.006

12.07 98.00 11.83 600 50.72 0.47 4.0861.00 62.00 1.503

18.84 261.00 49.18 1,800 36.60 0.66 3.6162.00 63.00 2.009

18.84 258.00 48.61 3,600 74.05 0.32 2.9563.00 64.00 2.0018

40.90 327.00 133.73 4,800 35.89 0.67 2.6364.00 65.00 3.0024

40.90 814.00 332.89 7,200 21.63 1.11 1.9665.00 69.00 3.0036

12.07 139.00 16.78 600 35.76 0.67 2.6466.00 67.00 1.503

18.84 238.00 44.84 1,800 40.14 0.60 1.9767.00 68.00 2.009

18.84 417.00 78.57 3,600 45.82 0.52 1.3768.00 69.00 2.0018

40.90 774.00 316.54 11,000 34.75 0.69 0.8569.00 70.00 3.0055

146.54 387.00 567.10 86,651 152.80 0.16 0.1670.00 70.00 6.00216

18.84 784.00 147.72 1,200 8.12 2.95 10.7671.00 4.00 2.006

18.84 456.00 85.92 8,950 104.17 0.23 0.9072.00 40.00 2.0013
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  Appendix I 
                                                                                                        Detailed Cost Estimates 



COST ESTIMATE - PHASE 1 
POTLATCH BUBBLE (MBR & INFILTRATION BEDS) 

Item Descriotion Unit Quantitv Unit Cost Total Cost 

CONVEYANCE 
Conveyance for Tribal Housing (Service Area A) 
1 Upgrade Lift Station HP 0.5 50000 $25,000 
2 4" PVC (pressure) 

a. Under Existing Road LF 1000 40 $40,000 

Subtotal $65,000 

Conveyance from Potlatch State Park (Service Area B) 
3 Lift stations (2) LS 2 180000 $360,000 
4 4" PVC (pressure) 

a. Under Existing Road LF 2300 40 $92,000 
b. Cross country LF 250 50 $13,000 

Subtotal $465,000 

Conveyance for Minerva RV Park • east (Service Area C) 
5 E-One pump system (model 2015) EA 1 13800 $14,000 
6 4 • 6" PVC (pressure) 

a. Under Existing Road LF 375 40 $15,000 
b. Adjacent to Hwy 101 (with lane loss) LF 600 80 $48,000 

7 Hwy 101 Crossing LF 100 300 $30,000 
8 Connection to Pressure Main in Potlatch State Park EA 1 2000 $2,000 
Subtotal $109,000 

Conveyance for Service Area Creep (Service Area DI 
9 E-One pump system (model 2010) · residential EA 19 4900 $93,000 
10 1 1/2 • 6" PVC (pressure) 

a. Under Existing Road LF 1800 40 $72,000 
Subtotal $165,000 

Conveyance for N. Reservation Boundary Area (Service Area E) 
11 E-One pump system (model 2010) · residential EA 3 4900 $15,000 
12 1 1/2" -6" PVC (pressure) LF 1550 80 $124,000 
14 Air Vacuum Release EA 1 800 $1,000 
15 Cleanouts EA 1 50 $100 

Connection from Motel to Conveyance System 
13 6" PVC (gravity) • motel service connection LF 300 40 $12,000 
16 Manhole 48" dia. EA 1 3500 $4,000 
5 E-One pump system (model 2015) EA 1 13800 $14,000 
Subtotal $170,100 

CONVEYANCE CONSTRUCTION SUBTOTAL $974,100 
Contingency • 25% Construction Cost $244,000 

CONVEYANCE CONSTRUCTION TOTAL $1,218,000 
Engr, Admin & An~ated Permitting • 25% Constructl:>n Cost $305,000 

CONVEYANCE CAPITAL COSTS $1,523,000 

DECOMMISSIONING 
Through out the Potlatch Bubble Service Area 
17 Decommission Tank· Minerva RV Park · east EA 1 10000 $10,000 
18 Decommission Tank· Potlatch Bubble Service Area Creep EA 19 750 $14,000 
18 Decommission Tank· North Reservation Boundary Area EA 6 750 $5,000 
Subtotal $29,000 

DECOMMISSIONING CONSTRUCTION SUBTOTAL $29,000 
Contingency • 25% Construction Cost $7,000 

DECOMMISSIONING CONSTRUCTION TOTAL $36,000 
Engr, Admin & An~ated Permitting • 25% Constructl:>n Cost $9,000 

DECOMMISSIONING CAPITAL COSTS $45,000 

TREATMENT 
MBR Treatment at Potlatch state Park 
19 Wastewater Treatment Plant LS 1 2230000 $2,230,000 
20 Generator HP 50 1000 $50,000 
21 Plant Access Road LF 450 50 $23,000 

Subtotal $2,303,000 

TREATMENT CONSTRUCTION SUBTOTAL $2,303,000 
Continaencv • 25% Construction Cost $576,000 

TREATMENT CONSTRUCTION TOTAL $2,879,000 
Engr, Admin & An~ated Permitting • 25% Constructl:>n Cost $720,000 

TREATMENT CAPITAL COSTS $3,599,000 

DISPOSAL 
Rapid infiltration, near access road in Potlatch State Park 
22 8" PVC (gravity) LF 225 40 $9,000 

a. Under Infiltration Bed Access Road LF 800 80 $64,000 
b. Cross Country LF 300 60 $18,000 

23 Infiltration Bed Access Road Improvements LF 550 50 $28,000 
24 Rapid lnfitration System $/G/Day 59300 2.50 $148,000 

Subtotal $267,000 

DISPOSAL CONSTRUCTION SUBTOTAL $267,000 
Contingency • 25% Construction Cost $67,000 

DISPOSAL CONSTRUCTION TOTAL $334,000 
Engr, Admin & Anticipated Permitting • 25% Constructl:>n Cost $84,000 

DISPOSAL CAPITAL COSTS $418,000 

POTLATCH BUBBLE SYSTEM CONSTRUCTION SUBTOTAL $3,573,100 
Continaencv • 25% Construction Cost $893,000 

POTLATCH BUBBLE SYSTEM CONSTRUCTION TOTAL $4,466,000 
Engr, Admin & Antl_c:ipated Permitting • 25% Constructl:>n Cost $1, 116,000 

POTLATCH BUBBLE SYSTEM CAPITAL COSTS $5,582,000 

Assumed pipe installed when the road is constructed. 

7/31/2007 Cascade Design Professionals, Inc. 



Skokomish Tribe Wastewater Facilities Plan Amendment 
Alternative 1 A 
Phase 1 Potlatch Bubble (MBR & Soil Percolation) 
Present Worth Analysis 

Capital Costs 

Component Installed Costs 

Alternative 1 A - Potlatch Bubble 

Conveyance 
Conveyance for Potlatch Bubble Service Creep 
Decommissiong Existing Septic Tanks 
Decommissioning for Potlatch Bubble Service Creep 
Treatment 
Disposal 

Subtotal 
Contingency 

Non-component Costs 
Misc. building modifications 
Misc. site modifications 

Subtotal 

Subtotal Construction 
Non-construction costs 

Design Engineering 
Assistance During Construction 
Administration 
Design/Admin Contingency 

Total Capital Cost 

Present Worth O&M 

Present Worth Replacement cost 

Total Present Worth Cost 
Interest Rate 
Term 

$/ERU 
$/Q 

Subtotal 

Lifecycle Analysis for WFP w motel_qc mjk.xls 

Unit 
Cost 

$ Unit 

$0 
$0 

$0 Is 
$0 Is 
$0 

$0 

$0 

$0 

$0 

4.0% 
20 vrs 

0 
0 

Number 
Installed 

1 
1 

Comments 

$639,000 
$335, 100 

$10,000 
$19,000 

$2,303,000 
$267,000 

$3,573,100 
$893,275 25% of Construction Cost 

$0 
$0 
$0 

$4,466,000 

$536,000 12% of Construction Cost 
$357,000 8% of Construction Cost 

$89,000 2% of Construction Cost 
$134,000 3% of Construction Cost 

$1,1 16,000 

$5,582,000 

$3,412,090 

$633,910 

$9.627,999 

u&M, Energy Costs, and Annual Replacement Cost* 

O&M I 
Annual Labor 
Hours $/hr Total 

Annual Labor 
2080 $40 $83,200 
520 $40 $20,800 
520 $40 $20,800 
832 $30 $24,960 
832 $40 $33,280 

Subtotal $183,040 

Energy Annual Electrical Energy 
Use Run Time Unit Cost Cost 

hp hours $/kwh 
100 5,818 0.045 $19,531 

50 5,818 0.045 $9,766 

Biosolids 

Total O&M 

Replacement Cost 
Percent of Future Expected 
Const Cost Value Life 

Mechanical 40% $350,000 15 
Electrical/l&C 30% $108,000 10 
Lift Station Pumps $15,000 10 
Total Annual 
Replacement 

Interest Rate 4.0% 

Annual Mat'ls 
& Parts 
$ 

Notes 

Cascade Design Prof., Inc. 
7/31/2007 

Potlatch WRP, 1.0 operators full-time, year long 
Potlatch infiltration, 0.25 operators full-time, year long 
Conveyance, 0.25 FTE, annually 
Utility billing, admin 0.40 FTE annually 
Plant Management, 0.40 FTE annually 

$35,731 Based on 1% of initial capital cost 
$35,731 

Potlatch WRP, total connected load of 100 hp 
Pump stations for conveyance system 

$3,000 Liquid sludge hauling and fuel (to Core plant) 

$251 ,068 

Annual Equipment costs associated with WRP and irrigation. 
Replacement Conveyance costs included in Construction costs not 
Amount included in replacement costs. 

$31,479 Equipment costs associated with WRP: $700,000 
$13,315 Electrical/l&C costs associated with WRP: $360,000 
$1,849 $5000/ea parts and labor 

$46,644 

- ;:,ubiect to chanQe, annual costs do not include escalation, such as inflation 

1 of 1 
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Section 1 Page 1

1.0 Introduction and Summary

This report, prepared under the collec-
tive supervision of the Skokomish Indian
Tribe, Mason County and Mason County
PUD #1, defines three wastewater man-
agement projects. The projects serve
each of three planning areas established
in the Memorandum of Understanding
(see Appendix 1.1) approved by the
Tribe, the County, and PUD #1 in Au-
gust, 2006: the Hoodsport Rural Activity
Center, the residential zone known in
this report as the Potlatch “Bubble,” and
the most densely developed commercial
and residential areas on the Skokomish
Reservation (called “Core Reservation”).

1.1 Introduction

A grant from the Puget Sound Action
Team and the Hood Canal Coordinating
Council made this effort financially pos-
sible. An array of consultants was cho-
sen by staff representatives of the Tribe,
the County and PUD #1 (the “TriParty
Staff”) using a roster of consultant-
submitted statements of qualifications.
The following table names the contribu-
tors and their areas of responsibility.

Responsible Organization H
oo

ds
po

rt
R

A
C

Po
tla

tc
h

“B
ub

bl
e”

C
or

e
R

es
er

va
tio

n
Pr

og
ra

m

Sewer System Engineering
Cascade Design, Inc. ● ●

Sewer System Engineering
Gray and Osborne, Inc. ●

On-site System Engineering
CH2M Hill, Inc. ●

Environment and Permitting
ESA Adolfson ● ● ●

Geology and Hydrology
HWA GeoSciences, Inc. ● ● ●

Wetland Disposal
Jones and Stokes ●

Cultural Resources
Wessen and Associates ● ● ●

Sponsoring Entity
Mason County PUD #1 ○ ●

Sponsoring Entity
Skokomish Indian Tribe ● ● ●

Sponsoring Entity
Mason County ● ●

Program & Project Mngmnt.
 Art O’Neal & Associates
 Linda Hoffman Consulting
 Mike Sharar Consulting

● ● ● ●

Mason County had lead responsibility
for the Hoodsport Planning Area and
overall fiscal administration. The
Skokomish Tribe had lead responsibility
for the Potlatch and Core Reservation
Planning Areas. The lead agencies and
the TriParty Staff guided the consult-
ants’ work and the work of staff from the
Skokomish Tribe and Mason County.

There are several wastewater manage-
ment studies that cover all or parts of the
Hoodsport-Skokomish Region. These
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are sited as references in this report and
provide substantial planning detail for
the future design activities initiated by
the Project Descriptions in this report.
The following table names these studies,
the date of their publication, and whether
they are available in the print or CD ver-
sions of this report.

Availability
Title Date Print

Vers.
CD

Vers.
Skokomish In-

dian Tribe
Wastewater Mas-

ter Plan
(see Appendix 1.3

CD only)

1998 ●

Finch Creek
Wastewater Fea-
sibility Study (see

Appendix 1.4 CD
only)

2000 ●

Skokomish In-
dian Tribe Non-

point As-
sessment Report
and Preliminary

Management
Plan

(see Appendix 1.2)

2006 ● ●

Hoodsport-
Skokomish

Wastewater Man-
agement Alterna-

tives Analysis
(see Appendix 1.5

CD only )

2006 ●

It is important to recognize that while
this report focuses on descriptions of
wastewater management projects,
wastewater is only part of the Hood Ca-
nal water quality situation. Non-point
source activities along freshwater
streams tributary to the Canal and storm
water management in developed areas
also present significant opportunities for
water quality improvement. The
Skokomish Tribe is engaged with a Non-
Point Source Management Plan, Mason
County is preparing a storm water man-

agement plan and there are Water Re-
source Inventory Area efforts that, if
considered as part of wastewater project
design and implementation, can result in
very significant water quality improve-
ment.

The Puget Sound Action Team provided
federal funds for the recently-completed,
Mason County managed Hoodsport-
Skokomish Wastewater Management
Alternatives Analysis, a review of
wastewater management options for the
western shore of Hood Canal from
Hoodsport south through the Skokomish
Tribal Reservation. The Action Team
also facilitated the review, comment and
participation of several state agencies to
assure a coordinated State of Wash-
ington involvement and response in the
preparation of this useful document.

The Alternatives Analysis assembles
data and examines ways to improve
Hood Canal water quality which suffers
from low dissolved oxygen and fecal
contamination. One of the major
sources of these problems is widely pre-
sumed to be residential and commercial
wastewater along and near the shoreline.
The current management technique is
conventional septic systems that do not
treat for nitrogen. Too much nitrogen in
Hood Canal results in low dissolved
oxygen. Conventional septic systems
without adequate soil and geology that
blocks the transport of contaminates to
the Canal also result in fecal contamina-
tion.

During the summer of 2006 as the
Hoodsport-Skokomish Wastewater Al-
ternatives Analysis was being finished,
Mason County, the Skokomish Tribe and
Mason County PUD #1 joined in ap-
proving a Memorandum of Under-
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standing (MOU). A reproduction of the
Memorandum is found in Appendix 1.1.

The MOU is founded on a conclusion
that a single wastewater treatment plant
will not be the selected alternative for
the Hoodsport-Skokomish region.
While a single central treatment plant
may be possible, and would certainly be
reliable and very environmentally effec-
tive, it is also very costly and is difficult
or impossible to coordinate with growth
management laws and regulations. The
MOU sets a path for wastewater man-
agement that takes a different, more lo-
calized approach. Initially, a number of
localized solutions involving both very
small treatment plant systems and inno-
vative on-site septic and clustered septic
systems may prove more workable.

The MOU coordinates wastewater plan-
ning activities and assigned planning
responsibilities for the planning areas.
Washington State Parks, the Puget
Sound Action Team, EPA, the Wash-
ington State Department of Ecology,
Washington State Department of Com-
munity, Trade and Economic Develop-
ment and other agencies are also par-
ticipating. The first step, is this report’s
description of three wastewater man-
agement projects for each of the three
principal population centers identified in
the Hoodsport – Skokomish Wastewater
Management Alternatives Analysis.

In describing projects for each Planning
Area, the Tribe, the PUD and the County
are using the Alternatives Analysis and
taking into account the complexities of
growth management regulations, the
concerns and opportunities arising from
private and tribal land ownership, and
the need to both manage costs and pro-
vide long-term solutions. The parties are

committed to leaving open the possibil-
ity for areas to be interconnected at some
future time. Similar design and equip-
ment standards should be employed in
all the service areas.

Finding federal, state and private fund-
ing support is another important objec-
tive of the MOU. All three entities agree
their funding efforts are enhanced if
there is a coordinated, multi-jurisdic-
tional, non-competitive regional ap-
proach that restores and protects water
quality. Section 8 of this report dis-
cusses funding and the TriParty com-
mitment to pursue assistance jointly and
bring equal effort and priority to the
completion of each of the wastewater
management projects.

Sections 2 through 5 assemble planning
data for each of the planning areas and
propose a project description. Because
both Potlatch and the Core Reservation
areas within the Skokomish Reservation,
Sections 3, 4 and 5 need to be consid-
ered jointly even though separate pro-
jects are proposed for Potlatch (Section
3) and the Core Reservation (Section 4).

It is critical that this report be considered
a planning document. Its purpose is to
set general directions that must be re-
fined and validated in a thorough design
process. Accordingly, maps included
are not precise with regard to exact
boundaries of service areas and cost es-
timates are general with appropriate
planning-level contingencies. A home-
owner near the boundary of a proposed
service area represented in this report
cannot be certain whether their property
is included or excluded. Similarly, it is
inappropriate to make monthly rate de-
terminations based on this report. While
it is entirely clear substantial financial
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assistance beyond that which is already
anticipated will be essential, feasibility
will remain an open question at least
through completion of Facilities Plans
(the next step before Design, Construc-
tion and Commissioning).

Public input has played a substantial role
in shaping the project descriptions. In
the Hoodsport RAC, with the assistance
and involvement of Mason County PUD
#1, there have been three public meet-
ings during the 3+ months this report has
been under preparation. The Skokomish
elected Tribal Council and the General
Council have been kept closely informed
and a special committee of the Tribal
Council has provided considerable direc-
tion. Mason County’s Board of Com-
missioners and the County’s Community
Development and Utilities Director have
been instrumental in moving the collec-
tive, TriParty program forward.

Congressman Norm Dicks, his staff, the
federal Environmental Protection
Agency and several Washington State
agencies, especially the Puget Sound Ac-
tion Team, the Department of Ecology,
the Department of Health, State Parks
and Community, Trade and Economic
Development have been prompt, thor-
ough and energetic in providing essential
assistance.

There is communication, collaborative
commitment and action underway at all
levels, and the goal of a better Hood Ca-
nal is widely embraced.

1.2 Summary

Each of the three Planning Areas,
Hoodsport RAC, Potlatch “Bubble” and
Core Reservation, is not well suited to
conventional septic tank wastewater
management. They all have compara-
tively shallow soil columns above soils
highly likely to transport septage to the
nearest water body that either flows to or
is Hood Canal. Although none of the
areas is a city or town, they all have one
or more fairly dense population centers.

The combination of transmissive soils
and greater than traditional rural den-
sitites makes each Planning Area a Hood
Canal pollution source. The pollution
includes not only bacterial contimation
as indicated by higher-than-acceptable
levels of fecal coliform, but also the nu-
trient nitrogen which cannot be effec-
tively treated by septic systems with
limited soil columns.

Another shared characteristic is a limited
amount of flat, dry land. Comparatively
steep slopes flatten into deltas or wet-
lands that border Hood Canal. There is
limited dry area with soil columns offer-
ing much treatment opportunity before
reaching ground water or impervious
soils.

In areas outside the Skokomish Indian
Tribe Reservation, Washington State’s
Growth Management Act applies.
Sewer systems with central treatment
plants are generally view as urban-style
services not suitable in rural conditions.
Providing sewer capacity beyond what is
needed to serve existing development is
inconsistent with the aims of the Growth
Management Act.
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All of these factors, together with the
region’s modest to moderate income
status, serve to focus wastewater man-
agement options. A single plant system
to serve all the area from Hoodsport
south through the Skokomish Reserva-
tion is expensive and not easily permit-
ted under growth management
regulations. Continued reliance on tradi-
tional septic systems, even though they
may be well maintained, does not ad-
dress the pollution issues.

The TriParty group decided to address
each Planning Area individually and find
the best combination of approaches in
each area while striving to use common
technology among the three and work to
design and construct so as to allow con-
venient interconnection of the systems in
the future if conditions warrant.

It appears treating wastewater to Class A
reclaimed water standards offer the more
and best potentials for managing treated
wastewater. Class A water can be infil-
trated into the ground in areas with
proper soil without endangering water
supplies. It can be used to irrigate trees
or other flora as seasonal conditions re-
quire or permit. It can also serve a vari-
ety of commercial/industrial water uses
where the water cools processes or
washes non-food items.

Creating Class A reclaimed water is pos-
sible using either a sequencing batch re-
actor (SBR) with filtration or a
membrane bioreactor (MBR). MBR has
certain advantages in that it provides a
positive physical barrier to many pollut-
ants and it has a comparatively small
footprint. While the design phase is
when technology decisions are made,
MBR is the consensus technology choice
for all three Planning Areas.

All three Planning Areas are unsuited for
gravity sewers. The current choice for
wastewater collection is either septic
tank effluent pumping (STEP) or grinder
pumps feeding pressurized sewer lines.
Some areas are experience difficulties
with STEP systems, and Mason County
has considerable experience with grinder
pumps. The final decision is another
question to be answered during design.

Marine discharge of treated water is not
seriously considered in the Hoodsport-
Skokomish area. Rapid infiltration, irri-
gation and commercial use of Class A
reclaimed water are the favored methods
for handling highly treated water. There
appear to be areas suitable for rapid in-
filtration in both Core Reservation and
Potlatch. Earlier study suggests a simi-
lar opportunity, using pressurize drip
discharge, exists in Hoodsport. All areas
have irrigation reuse options depending
on how far from the treatment site the
treated water is pumped. There may also
be commercial water reuse options. A
decision concerning effluent fate is the
most pressing issue in Hoodsport and
continues to be an issue in the other two
planning areas. This is a high priority
matter during preparation of Facilities
Plans.

This report indicates that advanced sep-
tic systems that require periodic profes-
sion inspection and operation have a role
in managing Hoodsport’s wastewater.
For the area characterized as having
“moderate risk” for transmission of pol-
lutants to Hood Canal from conventional
septic tank effluent that has not had suf-
ficient soil treatment, advanced systems
serving 7-residence clusters are pro-
posed. These systems would be oper-
ated by a utility, not by home owners,
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and they would be located on public
property. They are proposed to use pres-
surized drip systems to manage treated
water. This well-treated water will re-
ceive some additional treatment in the
soil column and significantly reduce the
risk of pollutants being transported to
Hood Canal at a cost lower than the cost
of the sewer system and central treat-
ment plant.

The cost of the wastewater management
projects defined for each of the three ar-
eas is high. With development density
lower than most sewered urban areas,
the cost of the systems is shared by
comparatively few connections. The
following table shows the estimated cost
to complete each of the defined projects.

Planning Area
Total Cost to

Complete

Hoodsport RAC $9,946,702

Potlatch "Bubble" $3,433,430

Core Reservation $6,465,030

Total $19,845,162
This total is a planning level estimate
and will undoubtedly change as the pro-
jects are subject to more investigation
and engineering. Nonetheless, compared
with the $7,017,800 in grants remaining
available for projects in the Hoodsport-
Skokomish region, there is a sizable dif-
ference between needs and funding.

The funding problem is further compli-
cated by operating costs currently esti-
mated at more than $75 per month per
connection. This leaves little capacity
for debt and while maintaining sewer
rates at suitable levels. Substantial grant
funding will need to be pursued and

found to assure the projects are afford-
able.

The TriParty group is committed to col-
lectively funding the projects on a re-
gional basis. This approach has met
with success so far in as much as grant
money was secured continue the plan-
ning effort and define projects.

The next step is to prepare a Facilities
Plan for each of the projects. When
these are approved by the Washington
Department of Ecology, final design can
begin.

NOTE:
As this report is issued, it appears grant
funding will be available to complete
the Facilities Plans provided the work
can be accomplished in a very short
time frame. Consequently, the table
above does not include the cost of Fa-
cilities Plans.

Also at the time of publication, the
Washington State Legislature and the
Governor are considering funding in
support of these projects. Congressman
Norm Dicks and the United States En-
vironmental Protection Agency are fol-
lowing and actively efforts in the
Hoodsport-Skokomish region, and
various Washington State departments
have been very helpful with both advice
and funding.

If funding is secured and all three pro-
jects are aggressively advanced, it ap-
pears possible the wastewater
management efforts defined here could
be in place by early 2010.

-o-
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2.0 Hoodsport RAC
2.1 Existing Information

In the Mason County Comprehensive
Plan, the Hoodsport area is designated as
a “Rural Activity Center” (RAC), which
covers approximately 584 acres. The
sources of information which character-
ize and describe the RAC are found pri-
marily in the Finch Creek Wastewater
Feasibility Study (Gray & Osborne, Inc.,
August 2000) and the Hoodsport-
Skokomish Wastewater Management Al-
ternatives Analysis (Gray & Osborne,
Inc., October 2006). The Finch Creek
Study focused on two potential sewer
service areas: the Finch Creek corridor
only and Finch Creek and the shoreline
area of Hoodsport. The Alternatives
Analysis covered the Hoodsport RAC,
the Skokomish Indian Reservation, and
the shoreline area in between these two
jurisdictions.

Figures 2.01 through 2.04, respectively,
present the boundaries of the Hoodsport
RAC, the two service area alternatives
described in the Finch Creek Study, and
a population density schematic found in
the Alternatives Analysis. In general,
this plan will focus on the Hoodsport
RAC and Service Area 2. Service Area
1, the Finch Creek corridor, covers a
very limited area.

Both the Finch Creek Study and the Al-
ternatives Analysis were prepared to ad-
dress water quality problems in Hood
Canal which are due to nutrient and fecal
coliform loading. In part due to inade-
quate on-site wastewater systems, the
nutrient loading, particularly nitrogen,
has resulted in low dissolved oxygen
concentrations and has led to fish kills in
Hood Canal. In addition, elevated fecal

coliform levels in Finch Creek resulted
in closure by the Washington State De-
partment of Health of public access tide-
lands at the mouth of Finch Creek to
shellfish harvesting. This closure re-
mains in place today.

Several alternatives for collection sys-
tems and wastewater treatment have
been developed in both the Finch Creek
Study and the Alternatives Analysis to
address nutrient and fecal coliform load-
ing. The Finch Creek Study considered
two service areas and developed design
criteria, schematics, and costs for alter-
natives for both areas. The Alternatives
Analysis prepared similar information
for all of the Hoodsport RAC. The Al-
ternatives Analysis also considered de-
centralized wastewater systems and
management options to reduce the nutri-
ent and fecal coliform loadings.

Figure 2.05 summarizes the cost-
effective wastewater collection and
treatment alternatives considered in both
reports. Figure 2.05 lists the approxi-
mate number of equivalent residential
units (ERUs), a brief description of the
alternative, and the estimated capital and
annual operation and maintenance
(O&M) costs. The Finch Creek Study
was prepared in 2000, and for any use
for 2007, these costs would need to be
updated.

For each of the service area alternatives,
the capital costs per ERU are very high
and are not likely affordable without a
significant amount of funding assistance.
The least cost per ERU in Figure 2.05 is
$26,000 per ERU and the highest cost is
$32,500 per ERU. For the Hoodsport
RAC, the capital cost per ERU is
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$27,400 based on an assumption that the
target year would be 2015. Most con-
ventional funding of wastewater treat-
ment facilities is through loan programs.
However, the debt service for the loans
combined with annual O&M costs likely
would result in unaffordable sewer rates.

The Alternatives Analysis considered
decentralized on-site systems, such as re-
circu-lating sand filters and proprietary
products for nitrogen removal. The cost
of these individual on-site systems
ranges from $15,000 (low) to $30,000
(high) with additional O&M costs. The
expected installation costs for a re-
circulating sand filter is $15,000 to
$20,000 with $400 to $600 for annual
O&M. These costs are less than the
capital and O&M costs per ERU for a
centralized wastewater collection and
treatment facility. However, due to
small lot sizes, high groundwater table,
and unsuitable soils, the on-site alterna-
tives may not be suitable for all areas of
the Hoodsport RAC. As a result, the Al-
ternatives Analysis recommended a
combination approach utilizing central-
ized and decentralized alternatives. The
centralized treatment alternatives would
focus on the core commercial area,
Finch Creek, and possibly a few other
selected areas. This area closely follows
Service Area 2 as outlined in the Finch
Creek Study. The decentralized alterna-
tives would focus on the larger lots
which are generally located in the upland
areas of the RAC.

2.1.1 Population and Land Use
Population data for the total RAC area
are based on a “windshield” survey of
the number of housing units within the
RAC multi-plied by 2.49 (the number of
person per household in Mason County
during the 2000 U.S. Census). The

number of residential housing units
counted was 258 and the total number of
commercial businesses was 38 within
the RAC. The total estimated popula-
tion, including both permanent and sea-
sonal residences, is 642. Based on PUD
billing records, about 30 percent of
County utility customers are seasonal. It
is assumed that 30 percent of the Hoods-
port RAC residences are also seasonal.

The Finch Creek Study identified two
potential sewer service areas. Service
Area 1 covers only the Finch Creek cor-
ridor and Service Area 2 covers Finch
Creek and the commercial area. Both
Service Area 1 and Service Area 2 are
located within the RAC boundaries.

Based on hydrogeological information
provided by HWA GeoSciences, a third
area is also developed as an Expanded
Service Area 2. The basis of this ex-
panded area is the area identified as the
highest risk for contaminant transport to
Hood Canal coinciding with existing de-
velopment. In general, the intent of this
expanded area is to include the small lots
and near-shore areas where the highest
risk exists. This expanded area is shown
on Exhibit V and includes Highway 101
south to Hill Creek, Cedar Lane, part of
Old Mill Hill Road, the steepest portion
of North Schoolhouse Road, and North
Hill Road. Each of these areas is located
within the boundaries of the Hoodsport
RAC. The exact number of residential
connections is not known, but the esti-
mate arrived at through the “windshield”
survey is shown below:

South along Highway 101
(including Cedar Lane) 16

Old Mill Road 24
North Schoolhouse Road 20
North Hill Road 13
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North Harrison 10
83

This expanded area would add approxi-
mately 83 residential connections to
Service Area 2. Along North School-
house Road, there is a total of
54 residences. However, only 20 of
these residences are included in the Ex-
panded Service Area 2 area.

Figure 2.07a summarizes the existing
population for the RAC and the service
area alternatives.

Land use within the Hoodsport RAC is
primarily residential. There are a limited
number of commercial businesses and
public buildings. Each of these is listed
in Figure 2.07b along with va-
cant/closed structures. Most of the busi-
nesses provide essential local services
while a few serve tourists. Most all of
these commercial units are located along
or near U.S. Highway 101.

Under the County’s land use policies for
RACs, the standard residential density is
one dwelling per 2.5 acres. However,
lots platted prior to 1996 are not subject
to this density requirement and may be
able to develop at an average density of
one dwelling unit per acre.

Figure 2.07c summarizes the existing lot
size based on a survey of County records
covering 200 lots. The average lot size
was calculated to be 55,666 square feet,
or 1.25 acres. In general, smaller lot
sizes are located near shoreline areas or
the central commercial area of the RAC.
Larger parcels are located in upland ar-
eas as shown in Figure 2.01. Most of
the small parcels within the RAC are
included in Service Area 2 or the Ex-

panded Service Area 2 as shown in Fig-
ures 2.03 and 2.06.

2.1.2 Flows and Loadings Esti-
mates
Flows and loadings estimates were de-
veloped both in the Finch Creek Study
and the Alternatives Analysis for their
respective areas. As stated in both re-
ports, unit flows and loadings had to be
assumed due to the lack of residential
and commercial water use. These as-
sumptions, which would be pertinent to
the Hoodsport RAC and Service Area 2,
are summarized in Figure 2.08 The Al-
ternatives Analysis based its assump-
tions on per capita flow for water usage
from other areas within Mason County.
Based on data from the Belfair Water
District, the daily average water use was
about 60 gallons per capita per day
(gpcd), and in Lakeland Village, the av-
erage use during low irrigation months is
69 gpcd.

The two reports utilize similar unit load-
ing values, but significantly different
unit flow values. The Finch Creek Study
assumes a significant increase in sea-
sonal tourist activity and accordingly,
develops high commercial flows. In the
Finch Creek Study, the estimated peak
day commercial flow is 31,056 gpd. In
the Alternatives Analysis, the estimated
peak day commercial flow is only
13,934 gpd, about 45 percent. For the
commercial flows, the Alternatives
Analysis accounts for all of the restau-
rant seats and motel rooms, the primary
units impacted by tourist activity. The
other commercial businesses shown in
Table 2-3 are unlikely to be significantly
impacted by tourist activity. Of the two
estimates, the one presented in the Al-
ternatives Analysis is likely the more
accurate one, although it should be re-
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evaluated as better data become avail-
able.

Figure 2.09 presents both flow and load-
ing estimates for existing conditions.
This table presents these estimates both
for the Hoodsport RAC, Service Area 2,
and the Expanded Service Area 2 based
on the unit flows presented in the Alter-
natives Analysis.

The flows and loading values presented
in Figure 2.09 indicate a wastewater
strength concentration covering a range
of 350 to 400 mg/L BOD5. Historical
values from the County’s North Bay-
Case Inlet facility suggest that this range
is reasonable for planning purposes.
Typically, the North Bay-Case Inlet fa-
cility has influent BOD5 concentrations
from 250 to 350 mg/L. In addition,
where commercial flows include restau-
rants, higher BOD5 concentrations can
be expected.

2.1.3 Soils
(The following is an excerpt from a com-
plete report prepared by HWA Geo-
Sciences for this effort. To fully
understand the particulars of this report,
its sources of information and any limita-
tions concerning its use, please consult
the full document included in this report
as Appendix 2.1.)

Soils in the Hoodsport RAC area consist
of mainly Hoodsport series soils in the
upland areas, with isolated pockets of
Grove series soils in some drainages, and
smaller areas of fine grained (e.g., Clo-
quallum and Tanwax) and alluvial (e.g.,
Juno) soils (Ness, 1960). Figure 2.10
shows the mapped soil units in the
Hoodsport RAC planning area.

Hoodsport soils (Hd, He, Hf) consist

of well-drained, reddish soils on up-
lands, formed over granitic till that is
highly stained by iron and contains
considerable metamorphosed and ba-
sic igneous gravel and stone. The soil
survey report lists Hd soils as having
a “very limited” rating for septic tank
absorption fields, due to slow water
movement and shallow depth to satu-
rated zone. He and Hf soils are also
listed as having a “very limited” rat-
ing for septic tank absorption fields,
due to slow water movement, shallow
depth to saturated zone, and slope
(Ness, 1960).

Grove series (Gh, Gk) soils consist
of somewhat excessively drained,
reddish-brown gravelly soils, that
formed on large glacial outwash
plains over Vashon glacial drift,
modified considerably by inclusions
of local basaltic rock and mixed mate-
rial from the Olympic Mountain gla-
ciers. The soil survey report lists Gh
and Gk soils as having a “very lim-
ited” rating for septic tank absorption
fields, due to “bottom layer seepage”
(i.e., soils are too permeable) (Ness,
1960).

Cloquallum silt loam (Cc) is a mod-
erately well drained, brown upland
soil, developed over silty glacial-
lacustrine (lake) sediments. The soil
survey report lists Cc soils as having
a “very limited” rating for septic tank
absorption fields, due to slow water
movement and shallow depth to satu-
rated zone (Ness, 1960).

Tanwax peat (Tb) consists of brown
peat formed in wet areas and bogs.
The soil survey report lists Tb soils as
having a “very limited” rating for sep-
tic tank absorption fields, due to shal-
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low depth to saturated zone, subsi-
dence, slow water movement, and
ponding (Ness, 1960).

Juno Sandy Loam (Jb) consists of
coarse textured, brown to reddish-
brown alluvial soils, formed over gla-
cial alluvium in small streams. The
soil survey report lists Jb soils as hav-
ing a “very limited” rating for septic
tank absorption fields, due to flood-
ing, bottom layer seepage, and filter-
ing capacity (Ness, 1960).

Although the soil survey lists all soil
types present in the RAC area as having
“very limited” suitability for septic
drainfields, HWA’s opinion is that of the
soils present, the Hd Hoodsport soils (5
to 15 percent slopes) have the best septic
treatment potential and least off site sep-
tic contaminant transport risk. These
soils are generally found on the till up-
lands, on relatively flat land. Steeper
Hoodsport soils (He and Hf) have a
higher potential to transport contami-
nants, due to increased slopes. Soils with
the highest potential for septic contami-
nant transport include Grove and Juno
soils, which are found in the drainages.
The Grove soils pose an increased risk
due to excessive permeability. Clo-
quallum and Tanwax soils have a low
potential for transport, but also a low
potential for treatment.

2.1.4 Geology
(The following is an excerpt from a com-
plete report prepared by HWA Geo-
Sciences for this effort. To fully
understand the particulars of this report,
its sources of information and any limita-
tions concerning its use, please consult
the full document included in this report
as Appendix 2.1.)

Figure 2.11 shows the mapped geology
in the Hoodsport RAC planning area.
According to the Logan (2003) uncon-
solidated sediments mapped in the
Hoodsport RAC planning area include
the following:

Qgt - Till, late Wisconsinan (Pleis-
tocene). Glacial till deposits gener-
ally consist of a compact unsorted
mixture of clay, silt, sand, gravel, and
boulders, deposited at the base of the
Puget lobe of the Cordilleran ice
sheet during the latest glaciation. Oc-
casional sand and gravel lenses may
be present. Till is commonly referred
to as “hardpan” due to its cement-like
texture. Till does not provide a favor-
able infiltration medium, but may be
suitable for septic drainfields if suffi-
cient depth of soils and weathered till
are present. Till acts as an aquitard
that inhibits the flow of ground water,
perches water on top of it where over-
lain by recessional outwash, and also
confines water below it in the ad-
vance outwash. In general, the per-
meability of till ranges from low in
weathered surficial deposits to rela-
tively impermeable in very dense
non-weathered materials (Logan,
2003).

Qga - Advance outwash, late Wis-
consinan (Pleistocene). Advance
outwash consists mostly of glacioflu-
vial sand and gravel, with some and
lacustrine clay, silt, and sand depos-
ited during the advance of glaciers.
Sandy units are commonly thick, well
sorted, and fine grained, with interlay-
ered coarser sand, gravel, cobbles and
silt (Logan, 2003). Advance outwash
is typically permeable, often water-
bearing, and denser than recessional
outwash, having been overridden by
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glacial ice. Advance outwash is
commonly overlain by till.

Qgo - Proglacial and recessional
outwash, late Wisconsinan (Pleisto-
cene). Recessional outwash typically
includes poorly to moderately sorted,
rounded gravel and sand with local-
ized coarser- and finer-grained con-
stituents. Some fine sand, silt, and
clay form local overbank sediments
may also occur. Recessional outwash
thickness varies and is not well
known. It most commonly occupies
outwash channels scoured into or
through till (Logan, 2003). Reces-
sional outwash was not glacially
overridden, and is generally poorly
consolidated to loose. Typically out-
wash deposits exhibit moderate to
high permeabilities and infiltration
rates depending on silt content.

Qapo - Alpine outwash, pre–late
Wisconsinan (Pleistocene). Alpine
outwash consists of stratified sand,
gravel, and cobbles, may include peat,
silt, and clay, and may be capped by
weathered loess. Clasts are gener-
ally more rounded than those in till
and lack facets and striations.

Qa - Alluvium (Holocene). Allu-
vium may consist of silt, sand, and
gravel deposited in streams and allu-
vial fans, locally may contain Alpine
drift, peat, or landslide deposits.

The soils and geologic maps reviewed
are not entirely consistent with regard to
correlation of mapped glacial deposits
with mapped overlying soils. For exam-
ple, most of the areas mapped as out-
wash on the geologic maps are mapped
as Hoodsport series on the soils maps.
The only areas mapped as Grove soils

correspond with areas mapped as allu-
vium on the geologic maps.

Some differences in geologic mapping
based on different references also oc-
curs, which is not uncommon. Field veri-
fication of soils and geology is therefore
recommended prior to design or siting of
any facility. Figure 2.12 shows the
mapped geology per Carson (1976),
which is similar to the Logan map.
The main till/outwash boundary (Qgt to
Qga on the Logan map) is interpreted
similarly in both maps.

2.1.5 Environmental Issues and
Permitting
2.1.5.1 Environmental Issues
The Mason County Comprehensive Plan
(updated 2005) mapped a number of
sensitive areas on a county-wide basis.
Sensitive areas mapping within the study
area has not been conducted as part of
this project. The sensitive areas map-
ping, including geologic hazard areas,
flood hazard areas, aquifer recharge ar-
eas, and surface water and wetlands has
been reviewed as part of this project.

Within the Hoodsport study area, the
major surface water bodies include Hood
Canal, Finch Creek, Hill Creek, and a
number of wetlands, particularly near the
mouth of Finch Creek and adjacent to
Hood Canal. Potential impacts to wet-
lands and/or water bodies are likely the
environmental issue of greatest concern.
A field reconnaissance should be con-
ducted prior to siting any treatment or
disposal facilities to determine the loca-
tion and extent of streams and wetlands.
Conducting this review early in the
process would potentially allow for wet-
land avoidance by making siting adjust-
ments. Similarly, wetland delineations
should be conducted when pipeline
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routes are determined so that wetland
impacts can be avoided, or minimized to
the greatest extent possible.

Water quality in Hood Canal has long
been a concern. In general, Hood Canal
suffers from elevated levels of nutrients
and bacteria, and low levels of dissolved
oxygen. Finch Creek has also exceeded
water quality criteria for fecal coliform
bacteria (Gray and Osborne, 2000). Im-
plementation of the wastewater man-
agement project is expected to help
reduce bacterial and nutrient loading to
nearby surface water bodies from sus-
pected poorly-functioning septic sys-
tems.

Other issues include potential impacts to
groundwater, storm water impacts asso-
ciated with increased development, and
construction impacts to local roads.

2.1.5.2 Permits
Appendix 2.2 provides a matrix summa-
rizing the various permits that may be
required for the Hoodsport Rural
Activity Center, Potlatch, and Core
Reservation Wastewater Management
Planning Areas. Given the general siting
information currently available for the
projects, a full range of permits that may
be required is included. The matrix
describes the type of permit, the agency
responsible for reviewing the permit, the
permit triggger, timelines, agency
responsible, and other relevant issues.

Some permit issues of particular note for
this project are further described in
Appendix 2.2. These include permits
that could require several months or
longer to process, have appeal processes,
require potential substantial mitigation
for impacts, and/or could be difficult to
attain. Requirements for these permits

should be identified early and
incorporated into the facilities planning
process.

Of the potential permits, the permits re-
quired from the Corps of Engineers and
Department of Ecology would likely
represent the longest lead times. Com-
pliance with NEPA is required prior to
approval of NEPA funding, which will
require completion of all federal re-
quirements, including the Endangered
Species Act and Section 106.

2.1.6 Cultural Resources
In the fall of 2006, Mason County con-
tracted with Wessen & Associates, Inc.
to assist in planning for a wastewater
management system in the Hoodsport
“Rural Activity Center” (RAC). Wessen
& Associates’ role was to prepare an in-
ventory of cultural resources in the
Hoodsport RAC and advise in the plan-
ning effort so that disturbance to known
and suspected cultural resources might
be avoided to the fullest possible extent.
This section presents the background,
goals, methods, findings, and recom-
mendations of that effort. (Appendix 2.3
is the complete report with one redaction
as required by Washington State law.)

2.1.6.1 Background
The Hoodsport RAC is located in
northeastern Mason County. It in-
cludes the commercial ‘core’ of the
community of Hoodsport and resi-
dential areas to the north, west, and
south (see Figure 2.13). Its total
area is approximately 1.5 square
miles.

The Hoodsport RAC is located within
the traditional territory of the Tuwaduq
(Twana) People. In early historic times –
and for a considerable period prior to
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them – the Tuwaduq People occupied all
of the lands in the immediate vicinity of
Hood Canal. Many of their traditional
settlements were located along the Hood
Canal shoreline, often at or near the
mouths of rivers or creeks. They also
fished, hunted, and otherwise used a
considerable range of lands interior to
Hood Canal. Representatives of the Tu-
waduq signed the Point-No-Point
Treaty in 1855 and subsequently
relocated onto the Skokomish Indian
Reservation, approximately 2 miles
south of the Hoodsport RAC. Their
descendants are now usually referred to
as the Skokomish Indian Tribe.

There has been only very limited ar-
chaeological research within the tradi-
tional territory of the Tuwaduq People.
Few efforts to locate archaeological sites
have been conducted and those which
have occurred have generally been lim-
ited in their geographic focus. Large
scale systematic efforts to identify pre-
historic archaeological resources have
yet to occur here. Similarly, there have
been relatively few detailed studies of
particular archaeological sites anywhere
along Hood Canal. We currently know
that some traditional Tuwaduq settle-
ments near the Hoodsport RAC have
been occupied for at least 1,500 to 3,300
years. Other, as yet undated, archaeo-
logical sites in the area are probably
much older.

2.1.6.2 Research Design
The goals of this effort are essentially
those stated above in the introduction to
this document: “to prepare an inventory
of cultural resources in the Hoodsport
RAC and advise in the planning effort so
that disturbance to known and suspected
cultural resources might be avoided to
the fullest possible extent”. The term

‘cultural resources’ as used here, refers
to archaeological materials. Thus, this
study has not addressed the possibility
that there may be historic structures in
the Hoodsport RAC. To our knowledge,
there aren’t any and, moreover, our cur-
rent understanding of the proposed
wastewater management actions sug-
gests that historic structures - - if present
- - are unlikely to be affected. The focus
of this effort has been directed largely
toward archaeological resources repre-
senting the Native American occupants
of the area. It should be noted, how-
ever, that archaeological resources
representing late 19th and early 20th

Century Euro-American occupants of the
area could also be present in the Hoods-
port RAC.

The results of the inventory effort have
been summarized in two maps of the
Hoodsport RAC. The first map shows
the locations of recorded archaeologi-
cal sites and settlements known from
ethnographic and/or historical sources
that may have archaeological manifesta-
tions. It is important to note here that the
locations of recorded archaeological
sites are protected by state and federal
laws, and thus this information cannot be
released to the general public. In this
same regard, the Skokomish Tribal His-
toric Preservation Office has requested
that specific information about the loca-
tions of traditional Tuwaduq settle-
ments also not be released to the
general public. These requirements,
and the paucity of archaeological survey
data for the Hoodsport RAC, have led us
to develop a second map. The second
map identifies zones of archaeological
potential within the Hoodsport RAC.
These zones have been developed on the
basis of the distributions of the above-
noted locations and generalizations

D r a
 f t



Section 2 – Page 9

about the relatively sensitivity of differ-
ent types of landforms in the study area.
In brief, low gradient surfaces in the
immediate vicinity of the Hood Canal
shoreline and the flood plains of larger
creeks are considered to have a relatively
high potential for archaeological re-
sources. The vicinities of smaller low
gradient creek channels and so-called
vista points (i.e., locations that offer
sweeping views of the surrounding land-
scape) are considered to have a moderate
potential for archaeological resources.
Steep gradient surfaces and low gradient
interior surfaces that are not located near
creeks or lakes are considered to have a
relatively low potential for archaeologi-
cal resources. The map identifying zones
of archaeological potential within the
Hoodsport RAC may be released to the
general public.

Finally, it is important to emphasize that
the study reported here is not an archaeo-
logical survey of the Hoodsport RAC.
While we have considerable familiarity
with this area, no actual on-the-ground
inspection for archaeological resources
was conducted at this time. Rather, the
effort was essentially a literature review
and our products are based upon exami-
nation of documents on file with the
Washington State Department of Ar-
chaeology and Historic Preservation, the
Skokomish Tribal Historic Preservation
Office, other materials in our possession,
and archaeological site survey experi-
ence in nearby areas.

2.1.6.3 The Cultural Resource Maps
Our map of the locations of recorded
archaeological sites and settlements
known from ethnographic and/or histori-
cal sources that may have archaeological
manifestations is presented in Figure
2.14. Note first that there are no re-

corded archaeological sites in the
Hoodsport RAC. This condition is un-
doubtedly related to the fact that there
has been almost no archaeological re-
search conducted in the Hoodsport RAC.
As such, the absence of recorded ar-
chaeological sites should not be seen as
suggesting that archaeological resources
are unlikely to be present. Figure 2.14
does indicate that at least three tradi-
tional Tuwaduq settlements were located
within the Hoodsport RAC. All three
were located along the Hood Canal
shoreline at the mouths of creeks. Rela-
tively little information is available
about any of these places, but at least
one is clearly identified as a ‘large win-
ter village’. The other two settlements
may have been somewhat smaller. Na-
tive American archaeological resources
– potentially including artifacts, occupa-
tion refuse, and human remains – may be
present at any of these locations. We
have not specifically identified the early
historic Hoodsport Town site in Figure
2.14, but it was located in what is essen-
tially the commercial ‘core’ of the mod-
ern community of Hoodsport. Late 19th

and early 20th Century Euro-American
archaeological resources may be present
anywhere in this area.

The information in Figure 2.14, and
the generalizations about the rela-
tively sensitivity of different types of
landforms noted earlier, have been used
to generate the archaeological sensi-
tivity zones presented in Figure
2.15. Two important caveats need to
be offered about this map. First, zones
based upon landforms have been de-
fined, as the landforms appear on USGS
7.5 minute topographic maps. These are
valuable tools, but it is important to em-
phasize that there may be archaeologi-
cally sensitive features in the study area
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that are too small to be indicated on
USGS 7.5 minute topographic maps.
The zones shown in Figure 2.15 are
therefore generalizations about probable
potential and should not be regard as
guarantees that archaeologically sensi-
tive areas are not present within
zones here identified as having only
a low potential. A second caveat con-
cerns the low gradient surfaces in the
immediate vicinity of the Hood Canal
shoreline. This area has been indicated
as having a relatively high potential for
archaeological resources. This study has
not documented whether historic filling
has occurred along any portion of this
shoreline. We raise this issue because we
suspect that some locations – such as
near the mouth of Finch Creek – may
contain fill deposits, and fill deposits are
a complicating consideration. At first
glance, fill sediments can be expected
to be culturally-sterile, and thus
documented fill areas should have no
potential to contain archaeological re-
sources. The issue is actually more com-
plicated for two reasons. First,
experience elsewhere in western Wash-
ington has shown that low lying areas
with archaeological resources were
sometimes filled in order to raise their
base level. Thus, potentially signifi-
cant archaeological resources can be
present underneath fill deposits. Second,
there are documented cases of archaeo-
logical sediments having been used as
fill materials in western Washington.
This means that it is possible that ar-
chaeological materials – including hu-
man remains – could be encountered in
fill deposits.

The map of zones of archaeological po-
tential within the Hoodsport RAC indi-
cates that high potential areas are limited
to the low gradient surfaces in the im-

mediate vicinity of the Hood Canal
shoreline and the Finch Creek flood
plain. These areas have the highest po-
tential for both Native American
and Euro-American archaeological
resources. These are also among the
most developed (i.e., disturbed) areas in
the Hoodsport RAC. The history of his-
toric disturbance may have damaged
and/or destroyed archaeological re-
sources in these areas. It would, how-
ever, be dangerous to simply assume
this. In fact, there are many well docu-
mented cases of important archaeologi-
cal resources having survived in badly
disturbed, highly developed landscapes.
(Witness the recent events at the graving
dock site in Port Angeles.)

Areas thought to have a moderate poten-
tial for archaeological resources are also
relatively limited within the Hoodsport
RAC. They include the vicinities of two
smaller low gradient creek channels to
the south of Finch Creek and the areas
along the tops of slopes that look out
over Hood Canal and/or the lower Finch
Creek canyon. Some of the latter areas
have also experienced significant his-
toric disturbance, and the above-noted
caution also applies in these areas.

Finally, a significant amount of the
Hoodsport RAC appears to have only a
relatively low potential for archaeologi-
cal resources. Areas thought to have
only a relatively low potential include
steep surfaces along the margin of Hood
Canal and the lower Finch Creek canyon
and low gradient interior surfaces in the
western portion of the Hoodsport RAC.
While we are confident that the latter
areas have only a relatively low potential
for archaeological resources, we should
emphasize that there is a difference be-
tween ‘low potential’ and ‘no potential’.
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It is possible that that archaeological re-
sources could be encountered in areas
we characterize as having a low poten-
tial.

2.1.6.4 Resource Management
Considerations
The assessments of archaeological re-
source potential presented here are based
upon very limited archaeological and
ethnographic data and generalizations
about the relative sensitivity of different
types of landforms, as they appear on
USGS 7.5 minute topographic maps. As
already indicated, this study is not an
archaeological survey of the Hoodsport
RAC and should not be regarded as one.
We therefore recommend that an ar-
chaeological survey of the areas to be
impacted by the waste-water manage-
ment system be conducted. Having said
this, we think that project planners
should be aware that – depending upon
the system’s design – it may prove to be
difficult to investigate some portions of
the Hoodsport RAC. In particular, we
note that much of the high potential ar-
eas have been extensively developed and
thus, built features such as paved road
beds and structures may make effective
archaeological inspection difficult. Some
of this difficulty may be addressed by
test boring portions of the study area, but
even the feasibility of this approach is
difficult to assess at this time.

As such, while an archaeological survey
is an important next step, project plan-
ners should recognize that such an effort
may not be sufficient to be certain that
archaeological resources are not present
anywhere in their project area. We there-
fore think that some degree of archaeo-
logical monitoring may be appropriate
during the construction of the planned
facilities. The specific scope and charac-

ter of such a monitoring plan should be
developed after the results of the ar-
chaeological survey are available.

2.2 Additional Information

2.2.1 Treatment Soils Can Provide
(The following is an excerpt from a com-
plete report prepared by HWA Geo-
Sciences for this effort. To fully
understand the particulars of this report,
its sources of information and any limita-
tions concerning its use, please consult
the full document included in this report
as Appendix 2.1.)

HWA GeoSciences’ scope of work for
this report included using available soils
and septic system information to assess
which areas in the Hoodsport RAC
currently served by conventional sep-
tic systems have the highest, moderate
and least likely probability of causing
Hood Canal contamination.

Criteria contributing to relative risk of
transmitting septic contamination to
Hood Canal include:

 Soils and geology (soil treatment
capacity and permeability)

 Slopes
 Distance to surface water
 Depth to ground water

Several of the criteria are overlapping,
for example slopes, distance to surface
water, and permeable outwash soils all
coincide with the coastal areas and east-
west drainages in the planning area.

Soils and geology are described above.
Soils with increased risk of contaminant
transport and reduced treatment capacity
include those that are excessively
drained, such as Grove soils. These soil
types would provide less treatment than
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slower draining soils due to less organic
content and decreased residence times.
Grove soils on steep slopes in and near
drainages (e.g., Gk) have an added ele-
ment of risk due to thinner soil profiles,
and steeper hydraulic gradients. Distance
to surface water relates directly to poten-
tial for septic contaminants to reach
Hood Canal. For reference, Chapter 246-
272A WAC, On-Site Sewage Systems
specifies a setback of 100 feet for
drainfields from surface water, and 30
feet from any downgradient site feature
that may allow effluent to surface.

Based on these criteria, areas ranked by
relative risk of transmitting septic con-
tamination to Hood Canal include:

 Low risk – Upland areas under-
lain by glacial till and Hoodsport
soils, not near surface water
drainages.

 Moderate risk – Areas mapped as
having outwash soils, but not in
or near surface water drainages.

 High risk – Areas within or adja-
cent to surface water drainages,
including the Hood Canal coast-
line. Most of the areas in and near
drainages also contain permeable
soils which are more likely to
transmit water and contaminants
with minimum treatment.

Figure 2.15 shows mapped geology
(Logan, 2003) topography, and land par-
cels. Figure 2.16 shows the major geo-
logic contacts, topography, land parcels,
and an aerial photograph, to provide
some indication of land development
status. Figure 2.17 includes the three
risk areas delineated in the Hoodsport
RAC.

Wastewater treatment/disposal options
for future development include:

 Conventional on site sewage
treatment/disposal systems

 Enhanced on site sewage treat-
ment/disposal systems (single
residence or combined)

 Conveyance to a centralized
waste water treatment facility
(including a variety of treatment
processes, effluent qualities, and
effluent disposal options)

Delineation of areas for varying types or
levels of treatment in the planning proc-
ess may be made qualitatively, based on
relative risks as outlined above, or semi-
quantitatively, by establishing maximum
pollutant (e.g., nitrogen) loading or
downgradient concentrations, then per-
forming analytical modeling to predict
estimated concentrations for various
scenarios, including effluent quality, de-
velopment density, etc.

2.2.2 Population/Land Use and
Predicted Flows and Loadings
Table 2-6 develops flows and loadings
estimates for existing conditions within
the RAC, Service Area 2, and the Ex-
panded Service Area 2. Currently, the
estimated populations within these re-
spective areas are 642, 139, and 346.

Existing land use is predominantly resi-
dential, with a commercial corridor
along U.S. Highway 101 and the shore-
line. The smallest lot sizes and the high-
est density development are located
within or near Service Area 2. The
population density covers a range of two
to six homes per acre (refer to Figure
2.04).

Future, or predicted, flows and loadings
are dependent upon growth within the
RAC and changes in land use. In the
Alternatives Analysis, an annual growth
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rate of 3.5 percent was recommended by
Mason County for the Hoodsport RAC.
This rate was utilized to project popula-
tion through the year 2025 and resulted
in an estimated population of 1,277 for
the RAC.

With an area of 584 acres, a 2025 popu-
lation of 1,277 would result in a density
of about 2.2 persons per acre. While ap-
proximately one-third of the RAC is
characterized by steep slopes, the re-
maining two-thirds are characterized by
a relatively flat plateau. Exhibit IV pre-
sents both existing topography and
population density. As shown, the south
and west areas of the RAC are character-
ized by low-density development.

The Finch Creek Study did not project
population for Service Area 2. As
shown in Figure 2.07a, the estimated
current population is 139. As shown in
Figure 2.04, it contains the highest den-
sity (two to six homes per acre), but is
also confined by steep slopes on the up-
lands side of U.S. Highway 101 and
Hood Canal along the shoreline. With-
out a conversion in land use (e.g., multi-
family) and with the existing lot
configuration, the high growth rate of
3.5 percent used in the Alternatives
Analysis does not appear achievable for
Service Area 2.

However, for the purpose of this plan, it
is assumed that Service Area 2 and the
Expanded Service Area 2 will be served
by a central sewer system which will
allow a 3.5 percent growth for commer-
cial flows, but only a 1.5 percent growth
in population. It is assumed that the
higher population growth rates will oc-
cur elsewhere in the RAC. These as-
sumptions and any others will need to be

confirmed by the Mason County De-
partment of Community Development.

Figure 2.18a summarizes the population
projections both for the Hoodsport RAC
and Service Area 2 through 2025.

Figure 2.18b presents future flow and
loading estimates for the Hoodsport
RAC, Service Area 2, and the Expanded
Service Area 2. For the Hoodsport
RAC, the estimates follow the work pre-
sented in the Alternatives Analysis. For
the Service Area 2 alternatives, the esti-
mates are based on the unit values in Ta-
ble 2-4, a growth estimate of 3.5 percent
for commercial flows, and a growth es-
timate of 1.5 percent for population.

2.2.3 Inventory of Applicable
Technologies for Treatment Plant
Any applicable technologies suitable for
all, or part of the Hoodsport RAC, will
need to be capable of nutrient reduction.
Since none of the disposal or reuse op-
tions is likely to include direct discharge
to Hood Canal, the State’s Groundwater
Standards, 173-200 WAC, and the Water
Reclamation and Reuse Standards, 90.46
RCW, are the most significant standards
for any treated effluent from the Hoods-
port RAC. Unlike most wastewater
treatment facilities, which operate under
an NPDES permit, any facility serving
the Hoodsport RAC would be regulated
by Ecology’s State Waste Discharge
Permit (SWD).

Based on a meeting with Ecology, the
likely effluent limitations for BOD5,
TSS, dissolved oxygen, turbidity, total
coliform, pH, and total nitrogen are
shown in Figure 2.19.

The effluent limitations presented in
Figure 2.19 meet the requirements for
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Class A reclaimed water to surface per-
colation ponds or spray irrigation. In
addition to the effluent limitations
shown in Figure 2.19, there would also
be groundwater limitations summarized
in Figure 2.20.

In the Water Reclamation and Reuse
Standards, one of the listed commercial
and industrial uses for reclaimed water is
fish hatchery basins. Specifically, the
standards state: “Reclaimed water used
as a source for basins at fish hatcheries
shall be at all times Class B reclaimed
water or better.” This reuse option was
discussed in the Finch Creek Study since
the Washington State Department of
Fish and Wildlife operates a fish hatch-
ery located at the mouth of Finch Creek.
According to records in 1997 to 1998,
the average daily water intake at the
hatchery is about 10 mgd with a range of
6 mgd (low) to 16 mgd (high). Based on
the flow estimates for Service Area 2 in
Table 2-8, the peak day flow of 52,000
gpd would only amount to 5 percent of
the average intake. For the Expanded
Service Area 2, the peak day flow of
88,000 gpd amounts to 9 percent of the
average intake. However, according to
Ecology representatives at the Southwest
Regional Office, this use of reclaimed
water has not yet been implemented in
the State of Washington. The expected
effluent limitations presented in Figure
2.19 may need to be modified for this
use of reclaimed water. At a minimum,
there likely would be a specific concen-
tration for dissolved oxygen and the
stricter turbidity standard associated with
membrane systems. Other concerns,
which are not currently addressed by the
reuse standards, are micro-constituents
such as pharmaceuticals.

Applicable technologies to meet the re-
quirements in Figure 2.19, Figure 2.20,
and the Water Reclamation and Reuse
Standards are the membrane bioreactor
(MBR) process with disinfection and the
sequencing batch reactor (SBR) with
filtration and disinfection. Both tech-
nologies have proven capability for nu-
trient removal and both require a
relatively small “footprint,” or site area.
Both technologies are widely used for
the level of flows and loadings presented
in Figure 2.18b.

MBR facilities are in operation at the
Tulalip Tribe, Stillaguamish, and the
City of Duvall. Mason County operates
SBR facilities at Hartstene Pointe and
North Bay-Case Inlet. Among the MBR
systems, there are several alternatives,
including micro-filters manufactured by
Zenon Corporation, and a flat plate de-
sign manufactured by Kubota. These
MBR alternatives would need to be
screened based on flows, capital, and
annual O&M costs. There is less vari-
ability among SBR manufactured sys-
tems.

Between the two applicable technolo-
gies, MBR and SBR, the MBR systems
have increasingly found greater use in
western Washington. For small systems,
the MBR systems produce a higher ef-
fluent quality and require less annual
O&M. However, replacement of the
membranes at approximately 10-year
intervals is an added cost not found with
the SBR systems. In addition to capital
and annual O&M costs, both systems
should be evaluated against non-cost
factors such as the examples listed be-
low:

 Proven reliability for nutrient and
total coliform reduction;

 Highest effluent quality;
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 Most expansion capability;
 Lowest maintenance require-

ments;
 Best aesthetics/visibility;
 Best noise and odor control;
 Least operational complexity; and
 Highest regulatory acceptance.

The quantities of flow associated with
Service Area 2 (peak day of 52,000 gpd)
and the Expanded Service Area 2 (peak
day of 88,000 gpd) are well suited both
to the MBR and SBR technologies.
Which service area alternative that can
be implemented will depend on several
factors, including costs. The primary
technical challenge is not with the treat-
ment technologies, but with identifying a
suitable reuse site capable of handling
the flow quantities.

2.2.4..Inventory of Applicable
Technologies for On-site Systems
(There are areas in Hoodsport where
there is moderate risk of septic tank ef-
fluent reaching Hood Canal. Please see
sections 2.1.3 and 2.1.4. Because of
Hoodsport’s Rural Activity Center
status, growth from new development is
limited. Advanced on-site systems hold
promise for handling conventional septic
tank pollution that may move to Hood
Canal. CH2M Hill provided the follow-
ing planning level review, presented
here in its entirety.)

2.2.4.1 Non-Sewered Area Waste-
water Management
The expanded sewer service area for the
Hoodsport RAC encompasses the Finch
Creek corridor and that area adjacent to
Hood Canal. Upland from this expanded
service area, the soils are marginal and
have been determined not suitable for
conventional septic tank systems. If you
divide the Hoodsport RAC into two sec-

tions, the smaller western area, and the
larger eastern area that extends farther
north and south than the western area,
the eastern section is the section where
there will be a need to install more ad-
vanced on site systems outside of the
designated sewer service area. (Figure
2.25 is a topographic aerial view of this
general area with the Expanded Service
Area identified.)

Recent studies in New Zealand (Nitro-
gen reduction trials of advanced on-site
treatment systems, Paul Scholes, Envi-
ronmental Bay of Plenty Regional
Council, July 2006) indicate that there
are available on site systems that can
meet reduced nitrogen requirements. In
the study, the AdvanTex system by Or-
enco (Roseburg, Oregon) consistently
met removal rates greater than 80% and
a total N effluent concentration below 15
mg/l. While this is less that what can be
accomplished with a centralized system,
it will allow the soil to provide addi-
tional treatment to further reduce nitro-
gen.

The Orenco AdvanTex system is one of
many available advance on-site systems
available. Based on the New Zealand
study, it appears to be the best among
those systems tested. Other advanced
systems are appearing in the market-
place. Huber has an on-site membrane
system that shows great promise. This
system is currently being pilot tested by
the Karcher Creek Sewer District (Port
Orchard, WA).

Regardless of the type of advance on site
system, it is recommended that these
systems be clustered to serve a number
of homes. There are many reasons why
these systems should be clustered. Here
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are a few of the top reasons for cluster-
ing the advance on site systems:

 Clustered systems would be
owned and operated by a public
agency that would maintain the
integrity and water quality of the
system

 Public agencies can obtain public
funding where private systems
are limited on funding options

 Advance on-site systems use bio-
logical treatment in an aerobic
environment, clustering would
help the biological system
dampen the flow and load varia-
tions that are inherent with an in-
dividual on-site system.

The AdvanTex AX100 system will be
used as an example for this planning
level review. According to available
literature, this system is capable of han-
dling an average flow of 2,500 gallons
per day (gpd) with a peak flow of 5,000
gpd. Using a peaking factor of 3.5, re-
sults in a design flow of just over 1,400
gpd. Based on the flow projections com-
pleted for the Hoodsport RAC, that
would equate to a 7 equivalent residen-
tial units. (ERU) A cluster could be
bigger by adding additional units (i.e. 2
units = 14 ERU, 3 units = 21 ERU).

It is possible to reuse existing septic
tanks with these clustered systems. In
discussions with representatives at Or-
enco, new septic tanks would not be re-
quired if the existing tanks are proven to
meet certain leak test criteria. This
would help offset the cost of the new
systems. The other parts to these clus-
tered systems would include the follow-
ing:

 Septic Tank (existing or new, de-
pending on leak test)

 Septic Tank Effluent Pump
(STEP) system – a separate

chamber with existing tanks, in-
tegral with new tanks – that
would include a pump that would
pump septic tank effluent from
each residence in the cluster to
the treatment unit.

 Treatment Unit – for this example
we are assuming an Orenco Ad-
vanTex AX-100.

 Recirculation Pump and holding
tank – to keep re-circulating liq-
uid through the treatment system

 Effluent system – diversion box
that distributes treatment system
effluent between the discharge
and recirculation, pump (if neces-
sary for pressurized discharge),
and discharge piping (subsurface
drip type distribution material can
be used – Geoflow or similar
product)

The capital costs for the 7 ERU cluster
system, based on a full use of a single
AdvanTex AX-100 system are detailed
in Figure 2.21.

The costs developed in Figure 2.21 are
based on installed costs quoted by the
manufacturer and similar installations.
Costs assume that there would be multi-
ple cluster systems being installed at the
same time in the Hoodsport RAC. Costs
also assume minimal restoration costs.

Based on the costs in Figure 2.21, the
range of costs for this cluster system is
from $90,000 to $139,000. This would
equate to approximately $13,000 to
$20,000 per ERU. Adding costs for
easements and/or property purchase for
the treatment system and discharge
would add another $7,000 to $21,000 to
the total cost of the system. This would
increase the per ERU cost range to
$14,000 to $23,000.
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Operation and Maintenance (O&M)
costs would be on the order of $3,000 to
$4,000 per year (does not include septic
tank pumping – homeowner’s expense).
This assumes that there are multiple
clustered systems in the area and that the
same O&M team that is running the cen-
tralized system for the Hoodsport RAC
is also operating the advance on-site sys-
tems. If this is not the case, the O&M
costs would be greater depending on lo-
cation of the staff.

How will these systems be clustered in
the non-sewered area of the Hoodsport
RAC is beyond the scope of this plan-
ning level work. Figure 2.22 is an ex-
ample of how a cluster system might be
configured. This example shows the
STEP units that would be located at each
property. The septic tank effluent would
be pumped using a small diameter pipe
to a centralized treatment unit. The
treated effluent would then be dis-
charged to a pressurized drip system lo-
cated within the adjacent right of way.

Actual clustering will require further in-
vestigation, additional mapping, prop-
erty investigation, title search, and
survey.

2.2.4.2 Storm Water
While the focus has been on wastewater
as the primary contributor to water qual-
ity issues in Hood Canal, storm water
will need to be included in the overall
program if the County and the agencies
involved want to have a comprehensive
effort to address water quality issues.
Storm water management including
treatment of runoff should be addressed.
Other practices such as fertilization of
lawns and gardens should be done using
methods and applications that minimize
the impact on Hood Canal.

2.3 Proposed Approach

2.3.1 Technologies for Hoodsport
/Project Definition
Section 2.2.3 concludes by stating:

The primary technical challenge is
not with the treatment technolo-
gies, but with identifying a suitable
reuse site capable of handling the
flow quantities.

Both membrane bioreactor (MBR) and
sequencing batch reactor (SBR) with
filtration can reliably produce Class A
reclaimed water. The greater question at
this stage is what to do with the highly
treated water.

For the purposes of estimating, MBR
technology is presumed both because of
its reliability and small footpring, and
because it is a technology already sup-
ported by Mason County PUD #1 and
accepted and used by Mason County in
its North Bay utility and soon to be used
in its Belfair utility.

During design, decisions concerning ef-
fluent will be made. These will be
driven by land availability for infiltra-
tion, potential use of reclaimed water at
the fish hatchery, and irrigation opportu-
nities. With estimated peak daily flows
at 88,000 gpd, water volumes are man-
ageable. Class A reclaimed effluent al-
lows the greatest flexibility for reuse or
discharge and developing redundant ca-
pabilities through multiple fates. Pump-
ing to deliver the Class A water to its
fate location and purchase of land will
be two significant cost factors. The cost
estimate for Hoodsport assumes a lift
station with 5,000 feet of force main and
$250,000 to purchase land for the treat-
ment plant and effluent fate.
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Topography makes gravity sewers in
Hoodsport impractical. Grinder pump
technology is proposed since it is already
used by Mason County wastewater utili-
ties. Septic effluent pumping (STEP)
technology could also be used. A selec-
tion will need to be made during design
based on several factors previously listed
including reliability, ease of mainte-
nance, expected performance and cost.

Section 2.2.4 uses the AdvanTex system
as an example while noting there are
other on-site systems that can provide
significant degrees of nitrogen reduction.
The planning level estimates in this re-
port suggest that such systems offer a
cost advantage over central systems
where soil conditions are adequate to
make up the difference in nitrogen re-
moval performance. This appears to be
the case in Hoodsport. The extent of the
use of advanced on-site cluster systems
will need to be determined during de-
sign.

Hoodsport Project Definition
The recommended project for the
Hoodsport RAC uses a grinder pump
collection system to serve the Expanded
Service Area2 (see Figure 2.06). The
sewer collection system feeds a centrally
located MBR treatment facility (see re-
port’s CD version Appendix 1.4 “Finch
Creek Wastewater Feasibility Study” for
location possibilities) creating Class A
reclaimed effluent.

During design final effluent fate must be
determined. Among possible options are
irrigation of forest land west of the
Hoodsport RAC and infiltration of the
highly treated water (see report’s CD
version Appendix 1.4 “Finch Creek
Wastewater Feasibility Study” for loca-
tion possibilities). Another unexplored

possibility is reuse of the highly treated
water at the fish hatchery in Hoodsport.

Because of the risk of pollutant transport
to Hood Canal, the use of advanced on-
site cluster systems is proposed for an
area west of the sewer service area along
Hood Canal and below the plateau that
occupies the western part of the Hoods-
port RAC. Utility-owned and operated
advanced on-site systems are envisioned
with each system serving approximately
7 ERUs. Effluent would be discharged
using a pressurized drip system in the
public rights of way.

The current cost to complete the Hoods-
port RAC project is estimated at $10.1
million in current dollars (please see
Section 2.3.2 below for additional de-
tail).

2.3.2 Planning Level Costs
As noted in Section 1, this report is us-
ing planning level estimates. A typical
approach for developing planning level
estimates is to first establish unit costs
for parts of the conceptual project such
as a cost per lineal foot of 6” sewer pipe
or the installed cost of a grinder pump.

Some estimates at this level are “lump
sum” based on experience. It is too
costly at this stage to estimate quantities
of rebar or volumes of concrete. Quali-
fied and experience engineers are a good
source for these estimates that, when
summed, can provide a construction
cost. The construction cost comes with a
contingency factor. It is important to
note that construction costs are currently
very unstable. Rapidly rising prices for
Portland cement and steel make con-
struction cost estimating more difficult
than normal.
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Other cost elements, such as design, pro-
ject administration and assistance during
construction are typically derived as a
percentage of the construction cost esti-
mate. Hoodsport and the two other
Planning Areas are comparatively small
wastewater projects, so the percentages
should arguably be larger for these costs
since a certain portion of the work is
fixed and not proportional to the size of
the job. A “rule of thumb” at this plan-
ning level of estimating is to multiply
the construction estimate by 1.5 to esti-
mate the total project cost.

A Hoodsport RAC cost estimate is pre-
sented in Figure 2.23a. Gray and Os-
borne, Inc., developed unit cost and
lump sum (LS) estimates for systems to
serve Service Area 2 (from the “Finch
Creek Wastewater Feasbility Study”
done in 2000) and Expanded Service
Area 2 that was developed in response to
both public input and the predicted soil
transport of pollutants to Hood Canal.
This report focuses on the Expanded
Service Area.

CH2M Hill provided estimates for the
advanced cluster septic systems pro-
posed to serve the “moderate transport
risk” zone west of the Expanded Sewer
Service Area (see Figure 2.17). The
costs developed are for an advanced
cluster system with pressurized drip ef-
fluent dispersal serving seven homes.
The number of clusters to be installed
will need to be addressed during design
using additional soils information.

For the purposes of a planning level es-
timate, six cluster systems are assumed.
This number was not provided by an en-
gineer.

Firgure 2.23a notes engineer-provided
numbers with an asterisk (*). The
sources of these can be found by exam-
ining the detail sheets in Figures 2.23b
and 2.23c. Other numbers are either de-
rived from an engineer’s estimate (6
clusters X estimated cost per cluster) or
are experienced based (design cost =
12% of estimated construction cost).

The Figure 2.23a “bottom line” of
~$10.1 million is 15% less than the “rule
of thumb” ($7.685 million X 1.5 =
$11.53 miilion) would suggest. The
lower estimate is offered because a sub-
stantial amount of study already exists to
guide work in the Hoodsport RAC. The
risk of unknowns is lowered somewhat.
Also, if all three Planning Areas are de-
signed by one firm or joint venture as
recommended in Section 7, it is reason-
able to expect some design cost efficien-
cies. These efficiencies could also
extend to construction if a uniform ap-
proach is used.

2.3.3 Action Plan/Schedule
In the late ‘90s wastewater management
strategies for the area now designated as
the Hoodsport Rural Activity Center
were actively considered. Financing was
and continues to be a major hurdle in the
path of completing a plan and imple-
menting it. Congressionally sponsored
State and Tribal Assistance Grants and a
State of Washington grant were “ear-
marked” for Hoodsport and the Hoods-
port-Skokomish region. By 2005 there
was more widespread recognition of the
importance of Hood Canal as a signifi-
cant public asset. Regulatory attention
was more sharply focused on the Canal’s
bacterial and nutrient problems. Also,
those interested in re-development, par-
ticularly in the Hoodsport commercial
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corridor, recognize wastewater manage-
ment as an important element.

In 2007 at least two new factors are driv-
ing the need to better management of
wastewater in the Hoodsport RAC.
Congressional and state grants are going
unused and there is substantial demand
to reprogram the monies. Also, as a re-
sult of recent Puget Sound initiatives,
there is greater state attention and there
are more state resources available for
water quality improvements. Conse-
quently, the August, 2006, Memoran-
dum of Understanding among the
Skokomish Indian Tribe, Mason County
PUD #1 and Mason County (see Ap-
pendix 1.1) is timely. Efforts to ad-
vance wastewater management in the
MOU’s three Planning Areas, including
Hoodsport RAC, are securing assistance
to do the vital planning efforts that must
precede the design and construction
work for which state and federal grants
are earmarked. The activity has created
a sense of both possibility and urgency
to move forward. Along with the obvi-
ous need for environmental attention,
there is a clear path of opportunity. It is
time for action.

For the Hoodsport RAC wastewater
management effort, schedule mainte-
nance and project management are like
housework: they are never finished. It is
very rare that wastewater projects, re-
gardless of how well planned, anticipate
all challenges and opportunities. This
dynamism has far-reaching impacts in-
cluding the ability to precisely estimate
performance dates, costs, and rate impli-
cations. This by no means suggests that
schedule, budget and project manage-
ment should not be carefully tended with
the best talent available. It is to suggest
that expectations must be managed along

with the project, and that clear and fre-
quent communication among owners and
service providers is essential.

It appears possible to have a Hoodsport
wastewater management effort in place
and functioning by early 2010. This will
require a high degree of aggressive at-
tention and a fulsome measure of good
fortune. In Section 5.5 a series of action
steps is presented for the Potlatch and
Core Reservation Planning Areas. Using
those steps as a basis, a similar list of
actions for the Hoodsport RAC is pre-
sented below. It is important to note
that, although the steps are presented
sequentially, there are opportunities to
perform some actions concurrently and
save time. For example, it is possible to
complete design of the non-sewer ad-
vanced clustered on-site facilities inde-
pendent of the sewer system. Also,
collection and conveyance elements of
the sewer system can be designed inde-
pendent of the treatment facility once it
is properly sited. Figure 2.24 is a rough
“example schedule” illustrating the ways
some actions might overlap.

Action Steps
1. Prepare a Hoodsport Facilities

Plan consistent with the Project
Definition that is approvable by
the Washington State Department
of Ecology.

2. Prepare environmental documen-
tation suitable for guiding elected
officials approving the Facilities
Plan and for funding that relies on
the State Environmental Policy
Act (SEPA), the State Environ-
mental Review Process (SERP)
for State Revolving Fund loans
and National Environmental Pol-
icy Act (NEPA) documentation.
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3. Carefully plan the Facilities Plan
approval process to minimize de-
lay and risk. Mason County ap-
proves wastewater Facilities Plans
through the County’s Compre-
hensive Plan amendment process.
This occurs only once annually in
December. Amendments to the
Comprehensive Plan require envi-
ronmental review and a public in-
put process. Coordinating timely
review by the Department of
Ecology and initiating engineer-
ing design (see the next two steps)
needs to be managed to avoid
overall project delay and avoid
design re-work as a result of
Ecology review of the Facilities
Plan.

4. Seek and secure Ecology approval
of the Facilities Plan.

5. Select a design firm using Wash-
ington State procurement proce-
dures and federal procurement
procedures. This selection proc-
ess can be conducted concurrently
with preceding steps to minimize
time loss.

6. With Environmental Protection
Agency and Department of Ecol-
ogy consultation, approve a scope
of services, review points, sched-
ule and contract with the selected
design firm.

7. Initiate design and promptly pre-
pare an Engineering Report for
review and approval by the Wash-
ington Department of Ecology.
Assure proper coordination with
the Environmental Protection
Agency and Ecology during the
review steps of final design.

8. As design is initiated, determine
the facility operator. Involve the
operator in the design process and
establish an operator training pro-

gram to be conducted by the de-
signer in a manner timely with
plant completion. If the operator
is a new organization or new to
wastewater operations, operating
costs may be incurred well in ad-
vance of revenues being gener-
ated by the new wastewater
facilities. Currently only capital
costs are anticipated during the
design and construction process.
It may be possible to capitalize
operator costs during design and
training.

9. As facilities are sited during final
design, prepare site specific envi-
ronmental documentation for sit-
ing options along with needed
mitigation plans.

10. Assure during design that the po-
tential for disturbing cultural re-
sources is recognized and avoid
or carefully plan for construction
in these areas. Plans must include
provision for construction obser-
vation by qualified personnel,
methods for cost-effectively de-
laying construction (and continu-
ing in other areas) in the event
cultural resources are exposed,
and appropriate agreed-upon ar-
rangements are made for curation
of resources if necessary. All cul-
tural resource plans must be made
with the concurrence of the Tribe
and the involvement of the State
Historic Preservation Officer as
required by state law.

11. As soon as possible, acquire sites
and start permitting activities for
construction.

12. Determine how the County (or
other utility owner) will supervise
construction and assign responsi-
bilities/authorities for accepting
construction work. Hire or retain
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necessary professional services or
staff. Also assure plans are pre-
pared for discovery of cultural re-
sources and appropriate response
plans are in place to assure sensi-
tive and prompt handling consis-
tent with State of Washington and
Tribal requirements.

13. At the 80%-90% design stage,
conduct a value engineering proc-
ess managed by a qualified CVE
specialist.

14. At or before the time of design
approval but following prepara-
tion of plans, specifications and
estimates, solicit construction bids

in accordance with the construc-
tion plan. Bidding procedures
must be consistent with federal
and state requirements and any
special requirements depending
on fund sources.

15. With final approval of design, as-
sure necessary permit applications
are timely submitted and con-
struction contracts are awarded.

16. Complete construction consistent
with the construction plan.

17. Commission new facilities, initi-
ate service, begin revenue stream.

-o-
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3.0 Potlatch “Bubble” Planning Information
3.1 Existing Information

3.1.1 Population and Flow Esti-
mates
Wastewater service areas for the Reser-
vation near Potlatch State Park are
shown in Figure 3.01. The service areas
were developed with direction from the
Skokomish Indian Tribe (SIT) Wastewa-
ter Planning Committee, which included
Tribal staff, Tribal Council members and
consultants. The service areas were sepa-
rated into 2 phases, Phase 1 and Ultimate
Build Out. The separation of the 2
phases was prepared in response to
Tribal direction, as a way to define an
initial project that is economically feasi-
ble.

Existing land use types based on the
Skokomish Indian Tribe’s land use maps
are shown in Figure 3.02. The Tribe is
in the process of defining the land use
types, therefore these maps are subject to
change. However, they are sufficient for
purposes of this study.

Existing population numbers were pre-
pared by Tribal staff, using an updated
residential population survey for the in-
tended service areas. Parcel information
and a household inventory (manually
developed) were provided by the Tribe.

For planning purposes, the population
density observed by the Tribe for their
tribal-managed housing was assumed to
be representative of housing density
throughout the Reservation (4.16 per
household). Thus, a final estimate of the
total population of the Reservation was
made based on 4.16 people per house-
hold.

Additional information from Washing-
ton State Parks and Recreation Commis-
sion (WSPRC), Mason County and
Mason County PUD #1, was incorpo-
rated into the final population and flow
estimates for the Reservation. In gen-
eral, 2.5 people were assumed to live in
each mobile home or recreational vehi-
cle (RV) in the Minerva RV Park and
serviced in Potlatch State Park.

Growth projections were developed in
consultation with the Wastewater Plan-
ning Committee which included Tribal
staff, Tribal Council members and con-
sultants. The assumptions used as a
foundation for the growth projections are
included in Appendix 3.1. Population
estimates were prepared for two plan-
ning horizons: five year (Phase 1) and 20
year (Ultimate). Figures 3.03 and 3.04
show the Potlatch area population and
flow projections for the Phase 1 and Ul-
timate planning timelines.

The plan for Potlatch State Park will be
updated in the next five years, after adja-
cent Tribal lands are developed, and the
wastewater project definition is adopted.
Future projections for both the State
Park and Minerva RV Park are based on
full occupancy of existing facilities.

Tribal housing development (T3ba’das
Ridge) near Potlatch State Park is in its
initial construction phase, with occu-
pancy planned for May 2008. The
planned first phase of development of
new homes is the basis for this report’s
Phase 1 growth projections. The Ulti-
mate growth projection was based on
full build-out of the planned Skokomish
Tribal housing. Population projections
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for the new housing are based on 4.16
people per household, as noted earlier.

Growth in the service area north of Mi-
nerva RV Park is estimated to be at a
rate of 1.5% per year, according to
Tribal and Mason County planning esti-
mates (see Appendix 3.1). Population
per household was assumed to be the
same as all Tribal households, or 4.16
people. Commercial growth was as-
sumed to be based on both acreage
(north of the powerhouse) and the num-
ber of new businesses (south of the pow-
erhouse).

3.1.2 Hydrology
The Skokomish Indian Reservation is
located in the lower Skokomish River
basin (Figure 3.05). Several spring-fed
seeps are associated with the lower basin
and substantial riverine and estuarine
wetlands are located on the Reservation.

The river empties into Annas Bay at the
Great Bend of the Hood Canal. Shellfish
are harvested in the Bay by Tribal,
commercial, and recreational harvesters.
Bed locations are in Potlatch State Park,
and to the south of the Park, and near the
town of Union, in the eastward end of
the Bay. Shellfish beds near the mouth
of the Skokomish River recently closed
due to fecal contamination (Washington
Department of Health News Release
August 16, 2005). The DOE has deter-
mined that the water quality of the river
directly influences water quality in the
Bay, including shellfish beds.

The lower section of the river (the last
10 miles) is a low gradient floodplain
that has extensive wetlands and spring
fed seeps. Agricultural activities and
residential developments are located on
the floodplain. Management practices

concerning the floodplain are regulated
by the Skokomish Tribe on the Reserva-
tion. The Skokomish Indian Tribe has
developed a non-point source assessment
(see Appendix 1.1), and has begun to
initiate programs to reduce non-point
sources of fecal coliform.

Recent concerns regarding low dissolved
oxygen in Hood Canal together with sig-
nificant fish kills in 2002-2003 and a
smaller event in 2004 have prompted
major initiatives including enhanced
monitoring of the Skokomish River (Pre-
liminary Assessment and Corrective Ac-
tion Plan (PACA), May, 6 2004). The
Puget Sound Partnership (Office of the
Governor News Release December, 19,
2005) is an initiative organized by
Washington State Governor Christine
Gregoire to protect water quality
throughout Puget Sound including the
Hood Canal.

The natural hydrologic regime in the
Skokomish basin has been altered. Re-
search shows that land use practices
have caused filling of the lower river
channel with aggregate to over five
times background levels (Barreca, 1998).
The frequency and intensity of flood
events has increased, and the water table
has risen causing septic system failures.

3.1.3 Geology
The best area for rapid infiltration is in
Grove gravelly loam (Gk) soils, with
glacial outwash sediments underneath,
and no high ground water or surface wa-
ter issues. Hoodsport soils on the soils
maps, or Glacial Till on the geology
maps, would not be suitable for rapid
infiltration. See Figure 3.06 for geology
mapping, and Figure 3.07 for soils map-
ping.
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The area of mapped Grove soils in Ser-
vice Area A is mapped as Glacial Till on
geologic maps, with a small pocket of
Outwash shown on one map. The geol-
ogy report (in Appendix 3.2) indicates
the Grove soils in Service Areas B
through E are over Recessional Out-
wash, which is consistent, and more
promising for rapid infiltration.

Areas along the highway are less steep,
and therefore more favorable. Slope
stability parameters include the slope
geometry, soils (density, permeability,
saturation, layering, etc.), amount, loca-
tion and distance of added water, and
other site specific variables.

(Please see Appendix 4.1 for more.)

3.1.4 Environmental Issues and

Permitting

As described in Section 2.1.5, the Mason
County Comprehensive Plan (updated
2005) mapped a number of sensitive ar-
eas on a county-wide basis. Sensitive
areas mapping within the study area has
not been conducted as part of this pro-
ject. The sensitive areas mapping, in-
cluding geologic hazard areas, flood
hazard areas, aquifer recharge areas, and
surface water and wetlands has been re-
viewed as part of this project.

Within the Potlatch study area, the major
surface water bodies include Hood Ca-
nal, numerous unnamed streams, and a
number of wetlands. Potential impacts
to wetlands and/or water bodies are
likely the environmental issue of greatest
concern. A field reconnaissance should
be conducted prior to siting any treat-
ment or disposal facilities to determine
the location and extent of streams and
wetlands. Conducting this review early
in the process would potentially allow

for wetland avoidance by making siting
adjustments. Similarly, wetland delinea-
tions should be conducted when pipeline
routes are determined so that wetland
impacts can be avoided, or minimized to
the greatest extent possible.

Water quality in Hood Canal has long
been a concern. In general, Hood Canal
suffers from elevated levels of nutrients
and bacteria, and low levels of dissolved
oxygen. Finch Creek has also exceeded
water quality criteria for fecal coliform
bacteria (Gray and Osborne, 2000). Im-
plementation of the wastewater man-
agement project is expected to help
reduce bacterial and nutrient loading to
nearby surface water bodies from sus-
pected poorly-functioning septic sys-
tems.

Other issues include potential impacts to
groundwater, storm water impacts asso-
ciated with increased development, and
construction impacts to local roads.

Appendix 2.2 provides a matrix summa-
rizing the various permits that may be
required for the Hoodsport Rural Activ-
ity Center, Potlatch, and Core
Reservation Wastewater Management
Planning areas. Given the general siting
information currently available for the
projects, a full range of permits that may
be required is included. The matrix
describes the type of permit, the agency
responsible for reviewing the permit, the
permit triggger, timelines, agency
responsible, and other relevant issues.

3.1.5 Cultural Resources

This report section was prepared by
Dr. Gary C. Wessen, a recognized ar-
chaeologist. It has been slightly edited
here to be consistent with report format-
ting. The complete report, minus one
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map redacted to be consistent with state
law, is Appendix 3.3.

3.1.5.1 Background
The Potlatch & Skokomish Indian Res-
ervation (P & SIR) Study Area is located
in northeastern Mason County. It con-
sists of four distinct parcels on and near
the Skokomish Indian Reservation (see
Figure 3.08). The northernmost parcel is
almost a square mile that includes Pot-
latch State Park and adjacent areas to the
north, south, and west. It includes almost
1 mile of Hood Canal shoreline and
much of the slope rising to the upland
glacial plain to the west. A second large
parcel of slightly more than a square
mile includes much of the Highway 101
and 106 corridors and adjacent residen-
tial areas on the Skokomish Indian Res-
ervation. It is entirely on the flood plain
of the Skokomish River delta. A third
parcel is approximately 0.25 square mile
along the northern bank of the
Skokomish River. It is also on the
flood plain. Finally, the fourth parcel is
less than 0.25 square mile on the upland
glacial plain in the western part of the
reservation. There are significant areas
of commercial and/or residential devel-
opment in portions of the first three par-
cels. The last parcel is currently
undeveloped timber land.

The P & SIR Study Area is located
within the traditional territory of the
Tuwaduq (Twana) People. In early his-
toric times - - and for a considerable pe-
riod prior to them - - the Tuwaduq
People occupied all of the lands in the
immediate vicinity of Hood Canal. Many
of their traditional settlements were lo-
cated along the Hood Canal shoreline,
often at or near the mouths of rivers or
creeks. They also fished, hunted, and
otherwise used a considerable range of
lands interior to Hood Canal. Representa-

tives of the Tuwaduq signed the Point-
No-Point Treaty in 1855 and subse-
quently relocated onto the Skokomish
Indian Reservation. Their descendants
are now usually referred to as the
Skokomish Indian Tribe.

There has been only very limited ar-
chaeological research within the tradi-
tional territory of the Tuwaduq People.
Few efforts to locate archaeological sites
have been conducted and those which
have occurred have generally been lim-
ited in their geographic focus. Large
scale systematic efforts to identify pre-
historic archaeological resources have
yet to occur here. Similarly, there have
been relatively few detailed studies of
particular archaeological sites anywhere
along Hood Canal. We currently know
that some traditional Tuwaduq settle-
ments in the P & SIR Study Area have
been occupied for at least 1,500 to 3,300
years. Other, as yet undated, archaeo-
logical sites in the area are probably
much older.

3.1.5.2 Research Design
The goal of this report section is “to pre-
pare an inventory of cultural resources in
the P & SIR Study Area and advise in the
planning effort so that disturbance to
known and suspected cultural resources
might be avoided to the fullest possible
extent”. The term ‘cultural resources’ as
used here, refers to archaeological mate-
rials. Thus, this study has not addressed
the possibility that there may be historic
structures in the P & SIR Study Area. To
our knowledge, there are very few and,
moreover, our current understanding of
the proposed wastewater management
actions suggests that historic structures
are unlikely to be affected. The focus of
this effort has been directed largely to-
ward archaeological resources represent-
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ing the Native American occupants of the
area. It should be noted, however, that
archaeological resources representing
late 19th and early 20th Century Euro-
American occupants of the area could
also be present in the P & SIR Study
Area.

The results of the inventory effort have
been summarized in two maps of the P &
SIR Study Area. The first map shows the
locations of recorded archaeological sites
and settlements known from ethno-
graphic and/or historical sources that
may have archaeological manifestations.
It is important to note here that the loca-
tions of recorded archaeological sites are
protected by state and federal laws, and
thus this information cannot be released
to the general public. In this same regard,
the Skokomish Tribal Historic Preserva-
tion Office has requested that specific
information about the locations of tradi-
tional Tuwaduq settlements also not be
released to the general public. These re-
quirements have led us to develop a sec-
ond map. The second map identifies
zones of archaeological potential within
the P & SIR Study Area. These zones
have been developed on the basis of the
distributions of the above-noted locations
and generalizations about the relatively
sensitivity of different types of landforms
in the study area. In brief, low gradient
surfaces in the immediate vicinity of the
Hood Canal shoreline, the Skokomish
River and the larger creeks are consid-
ered to have a relatively high potential
for archaeological resources. The flood
plain of the Skokomish River, vicinities
of smaller low gradient creek channels,
and so-called vista points (i.e., locations
that offer sweeping views of the sur-
rounding landscape) are considered to
have a moderate potential for archaeo-
logical resources. Steep gradient surfaces

and low gradient upland surfaces that are
not located near creeks or lakes are con-
sidered to have a relatively low potential
for archaeological resources. The map
identifying zones of archaeological po-
tential within the P & SIR Study Area
may be released to the general public.

Finally, it is important to emphasize that
the study reported here is not an archaeo-
logical survey of the P & SIR Study
Area. While we have considerable fa-
miliarity with this area, no actual on-the-
ground inspection for archaeological re-
sources was conducted at this time.
Rather, the effort was essentially a litera-
ture review and our products are based
upon examination of documents on file
with the Washington State Department of
Archaeology and Historic Preservation,
the Skokomish Tribal Historic Preserva-
tion Office, other materials in our pos-
session, and prior archaeological site
survey experience in this area.

3.1.5.3 The Cultural Resource Maps
Our map of the locations of archaeologi-
cal sites and settlements known from
ethnographic and/or historical sources
that may have archaeological manifesta-
tions is presented in Figure 3.09. Note
first that there are six archaeological sites
in the P & SIR Study Area and eight
more are located near it. Further, it is im-
portant to emphasize that this inventory
is based on only limited archaeological
survey efforts. To a large extent, the dis-
tribution of the known sites reflects
where survey coverage is. Thus, most of
the surveys conducted to date have fo-
cused upon either the Hood Canal shore-
line or the Skokomish River channel.
Survey coverage in the interior of the
flood plain of the Skokomish River and
on the uplands to the west have been
quite limited. Figure 3.09 also indicates
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that at least 10 traditional Tuwaduq set-
tlements were located within, or near, the
P & SIR Study Area. Five were located
along the Hood Canal shoreline and an-
other five were along the Skokomish
River channel. Relatively limited infor-
mation is available about many of these
places, but several have been identified
as large winter villages. Other may have
been somewhat smaller locations such as
seasonal fish camps. Native American
archaeological resources – potentially
including artifacts, occupation refuse,
and human remains – may be present at
any of these locations. We have less in-
formation about 19th and early 20th Cen-
tury Euro-American occupations in the
area, but know that a timber-related
community was present along the Hood
Canal shoreline at Potlatch. (The Potlatch
community was developed in the vicinity
of an older Tuwaduq settlement.) We
also know that there were several mid
19th Century Donation Land Claims on
the Skokomish Indian Reservation, al-
though most were abandoned shortly af-
ter the reservation was established. Thus,
there is also potential 19th and early 20th
Century Euro-American archaeological
resources in the Potlatch area and else-
where to the south.

The information in Figure 3.09, and the
generalizations about the relatively sensi-
tivity of different types of landforms
noted earlier, have been used to generate
the archaeological sensitivity zones pre-
sented in Figure 3.10. Two important
caveats need to be offered about this
map. First, zones based upon landforms
have been defined, as the landforms ap-
pear on USGS 7.5 minute topographic
maps. These are valuable tools, but it is
important to emphasize that there may be
archaeologically sensitive features in the
study area that are too small to be indi-

cated on USGS 7.5 minute topographic
maps. The zones shown in Figure 3.10
are therefore generalizations about prob-
able potential and should not be regarded
as guarantees that archaeologically sensi-
tive areas are not present within zones
here identified as having only a low po-
tential. A second caveat concerns the low
gradient surfaces in the immediate vicin-
ity of the Hood Canal shoreline. This
area has been indicated as having a rela-
tively high potential for archaeological
resources. This study has not docu-
mented the history of filling along this
shoreline. We raise this issue because we
know that some locations (e.g., near the
Cushman No. 2 Powerhouse at Potlatch
and in the day use area of Potlatch State
Park) contain fill deposits, and fill de-
posits are a complicating consideration.
At first glance, fill sediments can be ex-
pected to be culturally-sterile, and thus
documented fill areas should have no
potential to contain archaeological re-
sources. The issue is actually more
complicated for two reasons. First, ex-
perience elsewhere in western Washing-
ton has shown that low lying areas with
archaeological resources were some-
times filled in order to raise their base
level. Thus, potentially significant ar-
chaeological resources can be pre-
sent underneath fill deposits.
Second, there are documented cases
of archaeological sediments having been
used as fill materials in western Wash-
ington. This means that it is possible that
archaeological materials – including
human remains – could be encountered
in fill deposits.

The map of zones of archaeological po-
tential within the P & SIR Study Area
indicates that high potential areas include
the low gradient surfaces in the vicinity
of the Hood Canal shoreline, the Skoko-
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mish River channel and the Skebob
Creek channel. These areas have the
highest potential for both Native Ameri-
can and Euro-American archaeological
resources. These are also among the most
developed (i.e., disturbed) areas in the P
& SIR Study Area. The history of his-
toric disturbance may have damaged
and/or destroyed archaeological re-
sources in these areas. It would, how-
ever, be dangerous to simply assume this.
In fact, there are many well documented
cases of important archaeological re-
sources having survived in badly dis-
turbed, highly developed landscapes.
(Witness the recent events at the graving
dock site in Port Angeles.)

Areas thought to have a moderate poten-
tial for archaeological resources include
those portions of the flood plain of the
Skokomish River delta that are not in the
immediate vicinity of the Hood Canal
shoreline, the Skokomish River channel,
or other creek channels and areas along
the tops of slopes that look out over
Hood Canal and/or major creek canyons.
Some of the latter areas have also experi-
enced significant historic disturbance
(e.g., the Highway 101 and 106 corri-
dors) and the above-note caution also
applies in these areas.

Finally, significant portions of the P &
SIR Study Area appear to have only a
relatively low potential for archaeologi-
cal resources. Areas thought to have a
relatively low potential include steep sur-
faces along the margin of Hood Canal
and low gradient interior surfaces on the
upland glacial plain in the western por-
tion of the P & SIR Study Area. While
we are confident that the latter areas have
only a relatively low potential for ar-
chaeological resources, we should em-
phasize that there is a difference between

‘low potential’ and ‘no potential’. It is
possible that archaeological resources
could be encountered in areas we charac-
terize as having only a relatively low po-
tential.

3.1.5.4 Resource Management
Considerations
The assessments of archaeological re-
source potential presented here are based
upon archaeological and ethnographic
data and generalizations about the rela-
tive sensitivity of different types of land-
forms, as they appear on USGS 7.5
minute topographic maps. As already
indicated, this study is not an archaeo-
logical survey of the P & SIR Study Area
and should not be regarded as one. We
therefore recommend that an archaeo-
logical survey of the areas to be impacted
by the waste-water management system
be conducted. Having said this, we think
that project planners should be aware that
– depending upon the system’s design –
it may prove to be difficult to investigate
some portions of the P & SIR Study
Area. In particular, we note that some of
the high potential areas have been exten-
sively developed and thus, built features
such as paved road beds and structures
may make effective archaeological in-
spection difficult. Some of this difficulty
may be addressed by test boring portions
of the study area, but even the feasibility
of this approach is difficult to assess at
this time.

As such, while an archaeological survey
is an important next step, project plan-
ners should recognize that such an effort
may not be sufficient to be certain that
archaeological resources are not present
anywhere in their project area. We there-
fore think that some degree of archaeo-
logical monitoring may be appropriate
during the construction of the planned
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facilities. The specific scope and charac-
ter of such a monitoring plan should be
developed after the results of the ar-
chaeological survey are available.

3.2 Additional Information

3.2.1 Treatment Soils Can Pro-
vide
The Mason County Soil Survey (Ness,
1960) lists all soil types present in the
planning area (except Made Land) as
having “very limited” suitability for sep-
tic drain fields. Similarly, figures pre-
pared by Latourell Associates show soil
limitations for use of septic tanks over
the entire Potlatch bubble planning area
as either moderate or very severe (repro-
duced in HWA, 1994).

Soils with lower septic treatment capa-
bilities include those that are excessively
drained, such as Grove gravelly sandy
loam, 5 to15 percent slopes (Gk), and
soils formed on steep slopes, such as
Hoodsport gravelly sandy loam, 30 to 45
percent slopes (Hf). These soil types
would provide less treatment than slower
draining soils due to higher permeability,
resulting lower effluent residence times,
and lower organic content.

HWA’s opinion is that of the three main
soil types encountered (Hd, Hf and Gk),
the Hd soils have the best septic treat-

ment potential and least off site septic
contaminant transport risk. Hf and Gk
soils are both associated with surface
water or drainages, and have a higher
potential for off site septic contaminant
transport, due to steep slopes and exces-
sive permeability, respectively. Artifi-
cially placed or fill soils are also likely
unsuitable.

Other planning criteria for enhanced
treatment include distance to surface wa-
ter, as it relates to potential for septic
contaminant transport (e.g., BOD, nutri-
ents, bacteria, etc.) to surface water bod-
ies, particularly Hood Canal. Surface
water for the purpose of this discussion
includes creeks, intermittent drainages,
tide flats, and Hood Canal. The planning
area does not appear to contain isolated
upland wetlands. Figure 3.11 shows
mapped wetlands and surface water fea-
tures that are likely to convey septic
drain field effluent rapidly and without
much treatment to Hood Canal. En-
hanced septic treatment (above conven-
tional residential systems) may be
considered for areas near surface water
or drainages. For reference, Chapter
246-272A WAC, On-Site Sewage Sys-
tems specifies a setback of 100 feet for
drain fields from surface water, and 30
feet from any down-gradient site feature
that may allow effluent to surface.

-o-
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4.0 Core Reservation Planning Information
4.1 Existing Information

4.1.1 Population and Flow Esti-
mates
Core Reservation area population and
land use types were assessed in the same
way as the Potlatch area (Section 3.1.1).
An aerial map of the Core Reservation
proposed wastewater service area can be
found in the next section of this report,
Figure 5.09.

Planning assumptions for the Core Res-
ervation area reviewed by the Skoko-
mish Indian Tribe Wastewater Planning
Committee are outlined in Appendix
3.1. In general, residential growth in this
area is limited, due to the presence of the
Skokomish River floodplain. Projection
of wastewater flows assumed that land
near Hwy 101 was above the floodplain,
and available for development.

Residential growth was projected along
Hwy 101 at a rate of 2% per year. Com-
mercial growth was projected on a per
acre basis in a narrowly defined corridor
as approximated on the mapping.

The Tribal Center is planned for reloca-
tion during Phase 1, as is construction of
a new Boys and Girls Club near the ele-
mentary school.

The Casino was projected to grow 400%
over a period of 5 years, during Phase 1.
Core Reservation population and flow
estimates are included in Figures 4.01
and 4.02.

4.1.2 Hydrology
Section 3.1.3 of this report includes hy-
drology information for the Core Reser-

vation Planning Area of the Skokomish
Reservation.

4.1.3 Geology
Geologic and soils maps for the Skoko-
mish Reservation are included in section
3.1.4.

Two or three sites appear to be favorable
for rapid infiltration in the Core Reserva-
tion Area.

 Along Hwy 101, on the east side
 Near the top stream banks, east of

Hwy 101, where Outwash is the
geologic profile

 On the WSDOT property, where
Outwash is the geologic profile.

There are also indications that suitable
sites are available in or near Potlatch
State Park and up on the new Skokomish
Housing Area site.

The absence of outwash at the surface
indicates low infiltration potential. Ar-
eas with outwash near (but not at) the
surface (within 10 feet or so) may be
suitable for deep systems (ponds,
trenches, galleries, etc) but there is no
way to determine this from the maps.
As was outlined in section 3.1.4, Grove
gravelly loam is the soil type favorable
for rapid infiltration.

(Additional soils-related investigations
were performed as this report was being
finished. See Appendix 4.1 for more in-
formation about testing done in the Core
Reservation Planning Area.)

4.1.4 Cultural Resources
Section 3.1.6 includes discussion of cul-
tural resources for the Skokomish Res-
ervation.
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4.1.5 Environmental Issues and
Permitting
The environmental and permitting issues
associated with the Core Reservation
area are very similar to those described
for the Hoodsport and Potlatch areas in
Sections 2 and 3, specifically 2.1.5 and
3.1.4. Within the Core Reservation
study area, the major surface water bod-
ies include Hood Canal, Entai Creek,
numerous unnamed streams, and an ex-
tensive number of wetlands. Potential
impacts to wetlands and/or water bodies
are likely the environmental issue of
greatest concern. A field reconnaissance
should be conducted prior to siting any
treatment or disposal facilities to deter-
mine the location and extent of streams
and wetlands. Conducting this review
early in the process would potentially
allow for wetland avoidance by making
siting adjustments. Similarly, wetland
delineations should be conducted when
pipeline routes are determined so that
wetland impacts can be avoided, or
minimized to the greatest extent possi-
ble.

Appendix 2.2 provides a matrix summa-
rizing the various permits that may be
required for the Hoodsport Rural Activ-
ity Center, Potlatch, and Core
Reservation Wastewater Management
Planning areas.

4.2 Additional Information

4.2.1 Treatment Soils Can Pro-
vide
Section 3.2.1 includes discussion of soils
for the entire Reservation.

4.2.2 Wetland Effluent Disposal
(The Skokomish Indian Tribe is inter-
ested in considering the used of wetlands
to manage highly treated wastewater.

The firm Jones and Stokes was retained
to explore this potential on the Skoko-
mish Reservation. The following is a
summary of the Jones and Stokes report.
The complete report can be found in Ap-
pendix 4.2)

The feasibility of using natural or cre-
ated wetlands is being considered as one
of several options for effluent disposal to
be evaluated in the update to the
Skokomish Tribe Wastewater Facility
Plan.

For the purpose of the analysis, it was
assumed that the proposed wastewater
treatment plant (WWTP) would treat
wastewater to a “Class A” reclaimed wa-
ter quality standard as defined by RCW
90.46 and the “Water Reclamation and
Reuse Standards” manual (Washington
State Department of Health and Wash-
ington State Department of Ecology
1997).

NATURAL WETLANDS

The Washington Department of Health
and the Washington State Department of
Ecology (1997) have developed a man-
ual of Water Reclamation and Reuse
Standards manual, including reclaimed
water standards for use in wetlands. As a
general guideline, discharge of re-
claimed water into Category I or to salt-
water dominated wetlands is not recom-
mended except where it can be demon-
strated that no existing wetland functions
would be decreased and that overall net
environmental benefits would result
from the discharge.

Jones & Stokes conducted a “desktop”
review of wetlands in the Core Reserva-
tion Area. Wetland information was de-
rived from GIS data and mapping
(Skokomish Tribe 2006) based on the
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National Wetland Inventory (NWI), and
a reservation-wide wetland inventory of
Skokomish Tribal lands conducted by
Sheldon & Associates (1994). No iso-
lated or highly degraded wetlands (i.e.,
Category III or IV) wetlands occur in
close proximity of the proposed WWTP.
However, based on the desktop review,
Jones & Stokes investigated four candi-
date wetland disposal locations in the
“North Wetland”, a Category I wetland
located east of the proposed WWTP, and
within one half mile the proposed
WWTP. The sites were selected based
on considerations of access, distance
from the treatment plant, wetland class
and condition, soils, and land use, and
the possibility that, based on review of
aerial photographs, the sites might bene-
fit from reclaimed water. Field investiga-
tion revealed that none of the candidate
sites were feasible for use of reclaimed
water since all sites contained intact wet-
lands and no overriding net environ-
mental benefit could be achieved from
discharging reclaimed water to those
sites.

CONSTRUCTED WETLANDS

Constructed wetlands are artificial wet-
lands constructed on non-wetland sites
and designed to provide some measure
of social or environmental benefit or
treatment (i.e., polishing).

CONSTRUCTED BENEFICIAL USE WET-
LANDS

Constructed beneficial use wetlands can
be used for recreational, cultural, or en-
vironmental benefits. Beneficial use wet-
lands can also be used as mitigation for
the conversion or loss of wetlands
caused by the development of a pro-
posed project. Wetlands for this use are
usually become “waters of the U.S.”
(i.e., jurisdictional wetlands).

The required quality of reclaimed water
discharged to constructed beneficial use
wetlands differs from the use of con-
structed wetlands for additional waste-
water treatment (i.e., treatment
wetlands). Reclaimed water discharged
to constructed beneficial use wetlands
must be Class B or better, while a lesser
standard is applicable constructed wet-
lands used for treatment.

CONSTRUCTED TREATMENT WET-
LANDS

Constructed treatment wetlands are sys-
tems that are engineered and constructed
in non-wetland sites and managed for the
primary purpose of wastewater treat-
ment. Constructed treatment wetlands
are considered part of the wastewater
collection and treatment system and are
not considered “waters of the state” or
“waters of the U.S.”(i.e., and therefore
not jurisdictional wetlands).

Findings and Recommendations
NATURAL WETLANDS

An analysis of the feasibility of using
reclaimed water in natural wetland in-
cluded a review of literature and back-
ground GIS information of the
Reservation, and field reconnaissance of
four candidate wetland sites located in
the North Wetland (a Category I wet-
land) east of Highway 101.

The analysis concluded that none of the
four sites were found suitable for dis-
charge for a variety of reasons, but with
one overriding conclusion that none of
the sites possessed degraded wetland
functions or habitat conditions that
would benefit from the discharge of re-
claimed water.
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CONSTRUCTED BENEFICIAL USE WET-
LANDS

Beneficial use wetlands can have recog-
nized cultural, recreational, or environ-
mental benefits that are associated more
with the use of reclaimed water to
achieve those benefits than for the pur-
pose of effluent treatment.

As a next step, the applicability and
benefits of using constructed beneficial
use wetlands for the Skokomish WWTP
project should be determined if the Tribe
is interested in using reclaimed water for
cultural, educational, or scientific use.
This decision should be based on such
considerations as the goals and objec-
tives for use of reclaimed wastewater,
definable environmental and social bene-
fits to be derived, and engineering con-
siderations such as the location and size
of the wetland and cost.

This analysis could include the feasibil-
ity and value or using a constructed
beneficial wetland as storage in conjunc-
tion with a seasonal land application
(e.g., to forest land) and infiltration dis-
charge.

CONSTRUCTED TREATMENT WET-
LANDS

Constructed treatment wetlands are rec-
ognized primarily for their value to treat
wastewater rather than to provide wet-
land functional benefits. Constructed

treatment wetlands are usually con-
structed in an upland setting, with the
size and configuration of the wetland
based on the desired pollutant reduction
prior to discharge. Treatment wetlands
require an ultimate discharge of the
treated wastewater, either through infil-
tration, spray irrigation, or as a point
discharge to a receiving water.

Class A reclaimed water cannot be
achieved using constructed wetlands for
treatment unless the effluent from the
wetland is filtered prior to discharge
(Fricke pers. comm.). The feasibility of
using constructed surface-flow and sub-
surface flow wetlands for treatment,
should be explored further if the Tribe
chooses to consider discharging effluent
of a lesser quality than Class A. For ex-
ample, a treatment wetland could possi-
bly be used to polish Class D effluent
from the WWTP to a Class C quality for
discharge. The feasibility of this analy-
sis would be dependent on type of dis-
posal (e.g., spray irrigation or
infiltration) and the water quality re-
quirements. This analysis is largely an
engineering exercise based on projected
flows, projected quality of effluent to be
treated, the desired quality for discharge,
land availability, and costs for construc-
tion, operation, and monitoring.

-o-
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5.0 Technology Selection and Project Defini-
tions for Skokomish Systems
5.1 Technologies

5.1.1 Inventory of Applicable
Technologies
The Wastewater Master Plan (November
1998) identified two acceptable treat-
ment alternatives, the Biolac aerated la-
goon system (manufactured by Parkson,
Inc.) and the Sequencing Batch Reactor
(SBR) system. The Biolac system does
not provide adequate nutrient removal,
and it can not meet the desired Class A
effluent standards.

The Membrane Bioreactor (MBR) sys-
tem (manufactured by Enviroquip, Ze-
non, and Koch) has become more
prevalent and widely accepted as a reli-
able, cost-effective treatment technology
for small flows. Several systems are op-
erating successfully in the Northwest, as
well. In addition, it has proven success-
ful at treating to DOE’s Class A stan-
dards for reclaimed wastewater
Consequently, the MBR and SBR are the
preferred alternatives.

Based on current Tribal Council direc-
tion, the preferred treatment plant will be
a “good neighbor” facility, with low
visibility and high air quality (EPA
FARR guidelines), including odor con-
trol. The plant should optimize the use of
space, and be easily upgraded for in-
creased flows as needed for phasing or
future growth. Though the Tribe has not
adopted its own standards or Washing-
ton Department of Ecology (WDOE)
standards, regulatory direction concern-
ing water quality in this region should
meet or exceed effluent discharge re-
quirements that are equivalent to DOE’s

Class A reclaimed water standards.
Class A reclaimed water is of such high
quality that its use is unrestricted and
direct human exposure (but not routine
consumption) is allowed.

Estimated land area needed for the water
reclamation plant and effluent disposal
options are in Figure 5.01.

Of the area required for the treatment
plant approximately 75 percent of the
plant will be used for treatment of the
wastewater, which includes tanks and
equipment for influent pumping, influent
screening, flow equalization, bioreactors,
membrane skids/cells, and disinfection
equipment. Also included are facilities
for storing materials, treatment chemi-
cals, operator offices, and laboratory.

As much as 25% of the land for the plant
may be needed for sludge management.
The Master Plan includes a description
of sludge management alternatives.
Sludge, or biosolids, may be stored and
dried on-site, or hauled off to reduce the
capital cost of the plant. There is an on-
site sludge composting program at the
Washington Corrections Center in Shel-
ton which may be available to receive
the sludge. For purposes of this study,
provisions of sludge treatment include
sludge stabilization and dewatering suf-
ficient for disposal on land or in a land-
fill.

Criteria used to review the treatment al-
ternatives include:

 Effectiveness and reliability
 Land requirements and future ex-

pansion requirements
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 Cost and operations and mainte-
nance requirements

 Environmental impacts and aes-
thetics

5.1.1.1 MBR Treatment Plant(s)
The MBR design provides a more con-
sistent, high quality effluent, with fewer
solids to handle. Wastewater is drawn
through membrane filters by applying a
suction pressure across the membrane.
The pressure differential is generally
provided by pumping; however some
experimental gravity systems are being
tested. Pumping increases operation
costs.

The risk of exceeding water quality
standards with the MBR plant is low be-
cause the membrane acts as a positive
barrier to solids carryover.

5.1.1.2 SBR Treatment Plant(s) with
Filtration
In most treatment plant designs, to meet
Class A standards the SBR is followed
by an effluent polishing system using a
sand filter. The MBR facility does not
require advanced treatment because the
membrane is a positive barrier that pro-
vides that same level (or better) particle
removal as the sand filter. To meet
Class A reuse standards, particles are
removed down to 5NTU’s.

The SBR effluent quality is generally
more sensitive to BOD loading in the
influent. If the plant is overloaded and
low dissolved oxygen conditions occur,
the settling characteristics of the sludge
may be affected and not enough solids
are removed during the settling process.
The remaining solids would then have to
be removed by the filter, which in turn
would affect its performance. However,
the membrane in a MBR provides a

positive barrier that always prevents sol-
ids from passing through in the effluent,
even if the biological process is upset
from overloading.

The risk of a biological system upset
with an SBR is much higher, but with
flow equalization and good operator at-
tentiveness, SBR’s can be very reliable
and consistently produce a high quality
effluent. However, effluent quality from
an SBR may have BOD, TSS and TKN
loading as much as 2 to 3 times the ef-
fluent quality from an MBR.

5.1.2 Effluent Disposal Technolo-
gies
5.1.2.1 Rapid Infiltration
Rapid infiltration is the most efficient
means for effluent disposal, in terms of
capital and O & M costs, as well as in
terms of the land requirements. How-
ever, rapid infiltration requires good
geotechnical conditions, in order for it to
work. These conditions include good
soils, good geologic subsurface condi-
tions and a relatively flat site.

In rapid infiltration systems, effluent
flows through an array of parallel perfo-
rated pipes that are buried in a gravel
filled basin. The flow is distributed
evenly across the gravel bed and allowed
to percolate into the groundwater. No
significant impact to the groundwater
would occur, because of the high quality
of the effluent.

5.1.2.2 Forest Irrigation
Forest irrigation is land intensive and has
high capital and O & M costs. An eco-
nomic benefit can be developed from
forest irrigation for effluent disposal,
which may offset the costs. Land avail-
able for forest irrigation for both the Pot-
latch and Core Area is high above the
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proposed treatment plant location, and
far away. Costs for pumping water and
storing water, during the wet season, ap-
pear to be prohibitive.

Forest irrigation may be used in a natural
forest or plantation (such as hybrid pop-
lar). The effluent must be applied at ag-
ronomic rates, appropriate for the trees
and depending upon the rate of
evapotranspiration. Since uptake varies
with weather, age, and season, effluent
must be stored. Storage is also land in-
tensive, requiring several acres to store 4
to 6 months of effluent. Storage would
consist of a lined lagoon 8 to 10 feet
deep.

5.1.2.3 Wetland Use of Treated Ef-
fluent
Wetland augmentation is the discharge
of effluent into an existing wetland,
“augmenting” the existing water supply.
The existing wetlands on the Skokomish
Reservation are Type 1, high quality
wetlands. Augmenting the water supply
of a Type 1 wetland cannot enhance the
quality of the wetland, therefore wetland
augmentation is not allowed.

Constructed wetlands may be an option
for effluent disposal; however con-
structed wetlands would not be consid-
ered a final point of disposal. Water
would be discharged at some point from
the constructed wetland, either to a sur-
face water body or to a rapid infiltration
basin. In addition, the water quality of a
constructed wetland would not be Class
A. Water fowl impacts to water quality
would cause problems in meeting water
quality goals for Hood Canal.

(See Section 4.2.2 for details on using
wetlands. Appendix 4.2 is a technical
memorandum by Jones and Stokes.)

5.1.3 Technology Alternatives
Considered
Alternatives for wastewater treatment
and effluent disposal were developed as
follows:

 Alternative 1, Potlatch Bubble –
Consisting of four sub alternatives
each with conveyance piping and
pumping, either of two treatment
types (MBR and SBR), and two
types of effluent disposal (rapid in-
filtration and forest irrigation)

 Alternative 2, Core Reservation -
Consisting of four sub alternatives
each with conveyance piping and
pumping, either of two treatment
types (MBR and SBR), and two
types of effluent disposal (rapid in-
filtration and forest irrigation)

 Alternative 3, Potlatch and Core
Reservation Combined – Consist-
ing of combining Alternatives 1
and 2 together to form one alterna-
tive to service both areas.

The configuration of each alterative is
shown in Figures 5.02, 5.03, and 5.04,
respectively.

5.1.4 Recommended Technology
Each alternative was compared on a cost
and non-cost basis. Comparison of costs
is presented in the following section.
Non-cost criteria used in the comparison
were as follows:

1. Land acquisition
2. Ease of construction
3. Expandability
4. Flexibility for meeting future

regulations
5. Ability to permit and satisfy envi-

ronmental concerns
6. Visual impact
7. Ease of operation and mainte-

nance
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8. Odor potential
9. Environmental Impact
10. Land requirements

Of the technologies considered, it was
determined that MBR treatment with
rapid infiltration disposal was found to
be preferred over SBR and/or forest irri-
gation for the following reasons:

1. MBR and RI require the least
amount of land to acquire because
they consume the least amount of
land area.

2. Ease of construction for both op-
tions is similar

3. Both technology options are simi-
lar in their expandability, that is,
treatment technology can be de-
signed for a phased expansion.
Rapid infiltration beds can also be
sized for phased expansion.

4. Each technology is highly reliable
and can be easily modified to
meet future regulations.

5. MBR does a better job of meeting
environmental concerns because it
reliably produces a very high
quality effluent

6. The SBR and MBR both have
small visual impact because they
can be easily screened with a
building. The RI system has a
much smaller visual impact than
the much larger forest irrigation
system.

7. Operation and maintenance of the
MBR is easier than the SBR. The
RI system has low O&M re-
quirements when compared to the
forest irrigation system.

8. Both technologies are similar in
odor potential, because odors
from both can be controlled with
odor control systems

9. Forest irrigation system has the
largest environmental impact be-
cause it uses the most land.

10. Both MBR and RI are the least
land intensive of the technology
options.

The MBR system was identified as the
preferred method based on all the non-
cost criteria reviewed.

5.2 One vs. Two Plants for
Potlatch and Core

This report was started on the assump-
tion each of the three Planning Areas
(Hoodsport, Potlatch Bubble and Core
Reservation) would be handled sepa-
rately. During planning, the possible
advantages of serving the Potlatch Bub-
ble and the Core Reservation were ac-
tively discussed. Distance between the
two service areas was one important fac-
tor (see Figure 5.05). Another was op-
erating costs associated with one vs. two
treatment plants. A third factor, sched-
ule, emerged as significant.

The following sub-sections capture the
discussion and recommendation to de-
velop separate systems for the Potlatch
Bubble and the Core Reservation.

5.2.1 Capital Cost Comparison

5.2.1.1 Conveyance Cost Compari-
son
All costs were developed for the ultimate
system development.

The combined treatment alternative re-
quires conveyance of Potlatch area flows
to the Core Reservation treatment plant.
The total additional cost for conveyance
to the combined plant is $1,266,000.
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Approximately $600,000 of this addi-
tional cost could be saved if the Core
Area plant is sited to the east of the
WSDOT parcel, allowing the elimina-
tion of the pump station to the plant. The
cost of a separate plant for the Core Area
would also be reduced by relocating the
plant (approximately $400,000).

An inventory of the additional convey-
ance system components needed include:

1. A gravity sewer from the existing
Potlatch Park drainfield to con-
nect the new Tribal housing to the
main sewer in Hwy 101 (ap-
proximately 2000 ft long, esti-
mated at $80,000).

2. The pump station at Potlatch State
Park would be redesigned to
pump wastewater to the Core
Reservation Area treatment plant.
The existing pump station will be
redesigned regardless of whether
a combined or separate treatment
system is constructed. Cost im-
pacts for the combined system
pump station redesign are associ-
ated with increased flows (addi-
tional flow from the new housing
project) and decreased system
headloss (since the pumps no
longer discharge upslope in the
Park). The increased cost is ap-
proximately $50,000.

3. Additional sewer is required to
connect the Potlatch Area to the
Core Reservation Area treatment
plant (0.8 miles, estimated at
$536,000).

4. The pump station to lift the flows
from Hwy 101 to the treatment
plant (assuming the plant is built
west of the highway, on the for-
mer WSDOT parcel) must be re-
designed for the increased flows
(estimated at $600,000).

5.2.1.2 Comparison of Treat-
ment/Re-use/Disposal Costs
A single treatment plant would cost less
than two separate plants (approximately
$310,000, or 4%of the plant costs). The
estimated savings is based on a concep-
tual level review of treatment plant
costs. In general, larger facilities have an
economy of scale, meaning that a linear
increase in capacity does not result in a
linear increase in cost.

Effluent disposal costs are approxi-
mately $49,000 less for the combined
treatment plant, roughly 8% of the total
disposal costs. However, the estimates
are based on the assumption that the in-
filtration rates are ½ inch / hour for both
the Potlatch and the Core Area. Prelimi-
nary geotechnical data suggests the rates
may be higher for the Core Area, reduc-
ing costs, and potentially difficult to
achieve near the Potlatch Area. A favor-
able infiltration site for the Potlatch Area
has not yet been located, however, recent
field investigations indicate that some
favorable sites may be located at or near
Potlatch State Park west of the Park in
the new Skokomish Indian Tribe hous-
ing area. (Please see Appendix 4.1 for
the most recent information.)

5.2.2 Operation and Maintenance
Cost Comparison
Operation and maintenance costs for a
combined system are approximately
25% less, primarily because of reduced
staffing but also because of reduced
power costs. The annual operation and
maintenance costs for the combined sys-
tem were estimated at $380,000.

5.2.3 Lifecycle Cost Comparison
Present worth costs for both separate and
combined systems were compared in
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Figure 5.06. The alternative with the
lowest present worth cost is a combined
system with SBR treatment and rapid
infiltration effluent disposal.

However, the capital cost for a separate
system, MBR and rapid infiltration is
only 4% higher (approximately
$730,000). The reduced risk of exceed-
ing water quality goals may be consid-
ered “worth” the additional capital cost.

The present worth analysis estimates that
annual labor and power costs will be
29% more for separate MBR plants, than
for a combined SBR plant (approxi-
mately $106,000).

5.2.4 Recommended Plant Con-
figuration for Skokomish Reserva-
tion
The most effective system, to achieve
water quality goals, facilitate project
phasing, and meet “good neighbor” ob-
jectives is the separate MBR and rapid
infiltration systems.

To facilitate review of the difference in
cost and design for combined vs. sepa-
rate systems, a summary of cost differ-
ences for the MBR and rapid infiltration
system is provided:

1. Conveyance costs are higher for a
combined system ($627,000 if the
plant is located east of Hwy 101,
or $1,270,000 if located west of
Hwy 101),

2. Treatment plant capital costs are
higher for separate plants
($310,000),

3. O & M costs are higher for sepa-
rate treatment plants ($92,000 an-
nually).

Additional field investigation and
evaluation is required in locating a good

site for a rapid infiltration system for the
Potlatch Area. (Please see Appendix
4.1 for the latest information.)

Based on the information outlined
above, and concerns that the construc-
tion schedule for a combined system
may not meet the needs for the new
tribal housing development, the recom-
mended system is for separate treatment
plants for the Potlatch and Core Reserva-
tion service areas.

5.3 Proposed Potlatch Pro-
ject Definition

5.3.1 Project Definition
The recommended system for the Pot-
latch service area is a separate MBR
treatment plant with a rapid infiltration
effluent disposal system.

Tribal review determined this to be the
most effective system, to achieve water
quality goals, facilitate project phasing
and related construction schedules, and
to meet “good neighbor” objectives.

A preliminary layout of the conveyance
system and phasing of the project is
shown in Figure 5.07.

5.3.2 Planning Level Costs and
Project Phasing
Phased system costs for the Potlatch
Area were developed after reviewing
four alternative treatment and disposal
systems.

Estimates for the number of services
were developed per Section 3.1.2,
through the population assessment proc-
ess. The phased system costs for the
Potlatch Area are summarized in Figure
5.08. The table includes phased costs for
both the Potlatch and Core Areas.
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An important element in the process of
developing system costs is the cost per
service. The cost estimate includes infra-
structure costs for hooking up each ser-
vice, or in some cases each septic tank,
for example at Minerva RV Park. The
final cost for the entire system is then
analyzed using Equivalent Residential
Units (ERU’s) to distribute costs fairly
among users. In this way the Casino
flows and loadings can be expressed in
terms of ERU’s, equalizing the financial
burden fairly. By definition, a household
is 1 ERU, however homes in Minerva
RV Park may be slightly lower than 1
ERU.

Treatment costs for Phase 1 are based on
an over-sized plant being constructed,
equal to one-half the size needed for the
ultimate build out in 20-years. Typical
process design for treatment plants pro-
vide for redundancy to allow the plant to
stay operational during maintenance.
Because the Phase 1 flows are less than
50,000 gpd, a package plant would typi-
cally be constructed. But package plants
can be 10% higher in cost. Further re-
view of this approach to estimating the
costs will occur as the project is devel-
oped.

5.4 Proposed Core Reserva-
tion Project Definition

5.4.1 Project Definition
The recommended system for the Core
Reservation service area is a separate
MBR treatment plant with a rapid infil-
tration system.

Tribal review determined this to be the
most effective system, to achieve water
quality goals, facilitate project phasing

and related construction schedules, and
to meet “good neighbor” objectives.

A map of the Core Area phased convey-
ance system is shown in Figure 5.09.

5.4.2 Planning Levels Costs and
Project Phasing
The conveyance system was assumed to
be a pressure system or septic tank efflu-
ent pumping system (STEP) based on
the work done in the 1998 Wastewater
Master Plan prepared by KCM. The
phased costs for the Core Area are in-
cluded in Figure 5.08.

A discussion on the number of services
and ERU’s is included in Section 5.3.2.

5.5 Combined Potlatch
“Bubble” and Core Reserva-
tion Action Steps

The Potlatch Housing Project is under-
way and decisions concerning wastewa-
ter management are the highest priority
among the various efforts necessary to
implement the defined projects serving
Potlatch and the Core Reservation.
Every effort must be made to avoid
costly duplicate or “interim” wastewater
management approaches in the Potlatch
Planning Area. Further, the Washington
State Parks Department is in urgent need
of a Potlatch State Park wastewater solu-
tion to assure protection of the environ-
ment and funding availability.

Further, the Core Reservation project is
in need of prompt attention. The Tribe’s
desire to relocate the Tribal Center and
meet expanding economic development
centered around the Lucky Dog Casino
demand quick and thoughtful manage-
ment of wastewater issues.
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The following steps offer an overview of
how the defined projects can be success-
fully implemented over a three year pe-
riod.

1. Complete Facilities Plan Amend-
ments to the Department of Ecol-
ogy approved Skokomish Indian
Tribe Wastewater Master Plan for
the Potlatch and Core Reservation
Project Definitions.

4. Prepare environmental documen-
tation suitable for funding that re-
lies on the State Environmental
Policy Act (SEPA), State Envi-
ronmental Review Process
(SERP) for State Revolving Fund
loans and National Environmental
Policy Act (NEPA) documenta-
tion.

5. Seek and secure Ecology approval
of the Facilities Plan Amend-
ments.

6. Select a design firm using Wash-
ington State procurement proce-
dures and federal procurement
procedures.

7. With Environmental Protection
Agency and Department of Ecol-
ogy consultation, approve a scope
of services, review points, sched-
ule and contract with the design
firm.

8. Design facilities and submit de-
sign status reports and final de-
sign to the Environmental
Protection Agency and Washing-
ton Department of Ecology for
review and approval.

9. As design is initiated, determine
what organization will be the op-
erator. Involve the operator in the
design process and establish an
operator training program to be
conducted by the designer in a

manner timely with plant comple-
tion.

10. To the greatest extent possible,
determine final siting of key fa-
cilities in advance of completing
final design. Prepare site specific
environmental documentation
and, if necessary, mitigation
plans. Make certain appropriate
consideration is given to the po-
tential for disturbing cultural re-
sources and avoid or carefully
plan for construction in these ar-
eas. As soon as possible acquire
sites and initiate necessary per-
mitting activities.

11. Determine the approach for con-
struction supervision and assign
responsibilities/authorities for ac-
cepting construction work. Hire
or retain necessary professional
services or staff. Also assure
plans are prepared for discovery
of cultural resources and appro-
priate response plans are in place
to assure sensitive and prompt
handling consistent with State of
Washington and Tribal require-
ments.

12. At or before the time of design
approval but following prepara-
tion of plans, specifications and
estimates, solicit construction bids
in accordance with the construc-
tion plan. Bidding procedures
must be consistent with federal
and state requirements and any
special requirements depending
on fund sources.

13. With final approval of design, as-
sure necessary permit applications
are timely submitted and con-
struction contracts are awarded.

14. Complete construction consistent
with the construction plan.

-o-
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6.0 Consolidated Ownership/Operations and
Maintenance
6.1 Background and Process
Overview

One of the principal requirements for
every new sewer system is to establish
who will own, operate and maintain their
particular system. The Skokomish
Tribal Council, the Board of PUD # 1
and the Mason County Board of Com-
missioners began their discussions on
these issues at the most general level, as
early as July and August of 2006. Since
then, the staffs of these elected bodies,
meeting as the TriParty Staff, have held
a series of discussions to develop an-
swers to the issues. For the purpose of
these discussions, the following defini-
tions have been developed:

Ownership: The role played by the
party who holds the permit for the legal
operation of a system; also responsible
for the design, development and financ-
ing of the system, along with the neces-
sary land acquisition and construction
oversight. Once the system has been
commissioned, the owner is responsible
for setting and maintaining rates suffi-
cient to ensure financial solvency of the
system at a minimum and, ideally, a
strong credit rating with critical bond
rating agencies.

Operations: The role played by the
party who is charged with the physical
operation of the Wastewater Treatment
facility, sending periodic bills for ser-
vice, collecting customer payments,
dealing with customers as they come and
go on the system, and handling day-to-
day financial matters within the budget
established by the owner.

Maintenance: This is the role played by
the party who performs preventive and
reactive maintenance to the physical as-
sets of the system, monitoring system
performance to ensure compliance
within the permit requirements, and
making recommendations to the operator
regarding plant upgrades and equipment
replacement.

Consultants to the TriParty Staff gener-
ated a list of possible alternative models
for ownership, operation and mainte-
nance. The Tri- Party Staff was able to
narrow the list of alternatives just
through conversation, some being to
complex and time-consuming to estab-
lish and others being infeasible from a
practical or political perspective. At a
subsequent meeting, the consultants fa-
cilitated the TriParty Staff’s develop-
ment of set of criteria to be applied to
the remaining alternatives (see Figure
6.1). These criteria were loosely applied
by the TriParty Staff to those alternatives
and a few more of them were eliminated.
Next, the consultants were asked to de-
velop some possible scenarios around
the remaining alternatives, setting a
more detailed evaluation of the remain-
ing alternatives. This evaluation was
held in early February of this year and,
as a result of the Tri-Party Staff’s re-
view, the following alternatives were
recommended to the elected officials of
the three entities for their review and
approval.
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6.2 Criteria for Reviewing
Ownership

 Financial capacity
o Ability to forecast, plan for

and finance capital needs
o Ability to issue debt and main-

tain suitable capital bond rat-
ing

o Ability to generate revenue
(rate-setting willing-
ness/courage)

 Public willingness/acceptance of
entity role

 Public willingness/acceptance of
project

 Experience and capacity to over-
see planning, design, permitting
and construction

 Stability of governance and insti-
tutional structure

 Relates productively to commu-
nity vision and intergovernmental
(single and multi) objectives

 Regulatory and grant agencies ac-
cept owner eligibility and credi-
bility

6.3 Criteria for Reviewing
Operations and Maintenance

 Staff capacity, training and ex-
perience and equipment

 Systems and management meth-
ods

 Revenue collection capacity
 Systems
 Ability/willingness to exercise en-

forcement authority
 Ability and experience to balance

cost and operational reliability
 Capacity, authority and ability to

execute the plan/vision

6.4 Scenarios Considered

The Tri-Party staff developed role sce-
narios in terms of options for which en-
tity could own and which could operate
the recommended wastewater facilities
for each planning area. These are sum-
marized below.

6.4.1 Hoodsport RAC Central
Wastewater Facilities

 County owns and operates
 County owns and PUD operates

under contract with the County
 County owns and contracts with

another public or private entity
for operations

 County owns in the short term and
PUD owns in the longer term.
PUD operates with mutual aid
agreement for operations among
the three entities

6.4.2 Core and Potlatch Central
Wastewater Facilities

 Skokomish Indian Tribe owns and
operates

 Skokomish Indian Tribe owns and
PUD operates under contract with
the Tribe

 Skokomish Indian Tribe owns and
PUD operates in the short term,
then Tribe operates in the longer
term, with mutual aid agreement
for operations among the three
entities

6.4.3 Managed On-site Facilities

 County manages and operates
 PUD manages and operates under

contract with owners
 Private entity manages and oper-

ates under contract with owners
 Skokomish Indian Tribe manages

and operates on Reservation
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 Whatever entity operates the cen-
tral facilities should operate the
managed on-site facilities for that
area

6.4 Recommended Approach

The recommended approach to owner-
ship and operations is based on the enti-
ties’ understandings of their respective
capacities to take on the ownership or
operations role and to meet the estab-
lished criteria for the role.

HOODSPORT RAC CENTRAL WASTEWA-
TER FACILITIES
The recommended approach for the
Hoodsport RAC is for the County to fi-
nance, design and construct the waste-
water facilities and to establish the utility
and rates for the system. The County
and PUD would consider transfer of
ownership after some period of County
ownership. Operations would be done
by the PUD under contract with the
County.

A proposed mutual aid agreement would
be executed between the County,
Skokomish Tribe and PUD #1. This
agreement would provide the terms for
providing operations and maintenance
assistance among the entities upon re-
quest by one of the entities.

CORE RESERVATION AND POTLATCH
CENTRAL WASTEWATER FACILITIES
The recommended approach for the
Skokomish Reservation Core and Pot-
latch areas is for the Skokomish Tribe to
finance, design and construct the waste-

water facilities and to establish the utility
and rates for the system. The Tribe
would contract with the PUD for opera-
tions initially, and the Tribe would oper-
ate the facilities in the longer term when
it gains the required staff and systems
capacity and experience.

As discussed above, a mutual aid agree-
ment executed between the three entities
would provide back-up assistance for
operations and maintenance among the
entities.

MANAGED ON-SITE FACILITIES
The recommended approach for opera-
tions of “managed” on-site facilities is
for the entity that operates the central
facilities to also operate the managed
facilities for that area. If the PUD be-
comes the primary operator of central
wastewater facilities, then the PUD
would be the primary contract operator
for managed on site facilities for the
Hoodsport to Skokomish region

AGREEMENTS NEEDED
In order to pursue the approaches rec-
ommended above the following agree-
ments would be needed:

 Contract between Mason County
and the PUD for the PUD to op-
erate and maintain facilities in the
Hoodsport RAC

 Mutual aid intergovernmental
agreement between Mason
County, the Skokomish Indian
Tribe and PUD #1

-o-
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7.0 Summary Cost Estimates and Schedules
The following table presents a summary
of the estimated project costs by stages.
Facilities planning is the next step to-
ward completion of the three projects
defined in this report. Although the
Skokomish Indian Tribe is not com-
pelled to following Washington Depart-
ment of Ecology’s planning procedures
(the Tribe is within the federal Environ-
mental Protection Agency’s jurisdic-
tion), Skokomish officials have decided
to follow the steps set forth in Washing-
ton Administrative Code 173.240. Not
only will this simplify collective man-
agement of the three proposed projects,
it also clearly indicates the Skokomish
Indian Tribe’s intention to meet or ex-
ceed both federal and state water quality
requirements.

Under 173.240 a Facilities Plan is sub-
mitted for review and approval. The Fa-
cilities Plan describes in general terms
the wastewater management approach,
general location of facilities and finan-
cial considerations. This is followed by
initiation of design and submittal of an
Engineering Report that describes treat-
ment processes, facility sizing and other
factors that serve as the basis for final
design. Ecology approval of the Engi-
neering Report leads to preparation of
the final designs, specifications and es-
timates necessary to secure bids for con-
struction.

In the table below, costs for facilities
planning are distinguished from design
and design-related activities since grant
funding necessitates this distinction.
Similarly, design, engineering assistance
during construction, permitting and pro-
ject administration are included under
design to make these activities distinct
from actual construction as necessitated
by grant funding.

The estimates for facilities planning, de-
sign, and construction/land acquisition
are summed in the total cost to complete
column. It is once again important to
stress that these are planning level cost
estimates. The construction costs are
composed of unit cost estimates (such as
the cost of a lineal foot of a certain type
of pipe multiplied by the estimated feet
required) and lump sum estimates for
structures, etc. The sum of these con-
struction estimates and a contingency
factor of 15% to 25%, comprise the con-
struction cost estimate for a project.

Other cost elements, such as design and
project administration, are estimated as
percentages of the construction cost. It
is very likely that during preparation of
an Engineering Report and during final
design, construction cost elements will
change. Accordingly, these estimates
should not be considered final.

Planning Area Facilities Plan
Eng. Rpt. &

Admin./Design

Construction &

Land

Total Cost to

Complete

Hoodsport RAC $108,683 $1,921,340 $8,025,362 $9,946,702

Potlatch "Bubble" --- $432,180 $3,001,250 $3,433,430

Core Reservation --- $813,780 $5,651,250 $6,465,030

Potlatch+Core Reservation $175,257 --- --- $0

Total for 3 Planning Areas $283,940 $3,167,300 $16,677,862 $19,845,162

Cost Estimate Summary
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Details behind the numbers presented in
the table above can be found in Figure
7.01. Three engineering firms devel-
oped estimates for this project definition
effort. Their estimating approached dif-
fered somewhat. The Hoodsport esti-
mates are presented in tabular form in
Figure 2.23a. The estimates developed
by engineers have an asterisk beside
them. The numbers for the Potlatch
“Bubble” and Core Reservation projects
(found in the table at the bottom of Fig-
ure 7.01) were all prepared by engineers
using the technique described above.
Consequently, there are slight differ-
ences in developing the estimates, but
these differences are not consequential at
this stage of cost estimating.

During preparation of the Facilities
Plans, it is recommended that a common
cost estimating approach be used. It is
especially important that a common es-
timating system be used during design.
This is easily achieved if a single firm or
joint venture is employed as designer.

NOTE:
As this report was being prepared an
opportunity for funding a major portion,
if not all, of the cost of preparing Facili-
ties Plans arose. It appears that suffi-
cient funding will be available to
prepare these plans provided the Tri-
Party group (the Skokomish Indian
Tribe, Mason County PUD #1 and Ma-
son County) can act quickly enough to
meet the timing conditions for use of the
money.

For this reason the Facilities Plan ele-
ments of the table presented above and
the table presented in Figure 2.23a are
shaded. It is also critical to note that
the “Cost to Complete” column in the

table above no longer includes numbers
in the “Facilities Plan” column.

Several schedules for the projects de-
fined in this report have been developed.
The example schedule for Hoodsport,
presented in Figure 2.24, indicates the
possibility of completion by early 2010.
Similar schedules could also apply for
the Potlatch “Bubble” and the Core Res-
ervation. However, the greatest urgency
surrounds the Potlatch “Bubble.”

As noted in Section 5, several factors
make the Potlatch effort critical:

 New Skokomish Indian Tribe
housing is being constructed in
the Potlatch service area. A
wastewater project timely com-
pleted would avoid the need for
interim septic systems serving the
new housing.

 Potlatch State Park has funding
and is in urgent need of a waste-
water project to satisfy legislative
concern for improved wastewater
management.

 A land transfer involving the
Tribe, State Parks and the Mi-
nerva Beach Community presents
timely opportunity for improved
wastewater management.

The Hoodsport and Core Reservation
projects also have many factors arguing
for their prompt completion. Relocation
of the Tribal Center and commercial re-
development pressures in both Hoods-
port and the Core Reservation need
wastewater management attention.

Throughout the planning process to de-
velop the project definitions in this re-
port there has been agreement that if at
all possible the projects should be de-
signed so as to not preclude the very
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long term possibility that all three
wastewater systems might one day be
connected. Further, if similar design
standards, similar equipment and similar
operating procedures were designed into
the projects, there would likely be cost
savings achieved through joint opera-
tions (see Section 6).

Because it would be efficient for the
three projects to be similarly designed,
because the TriParty group has agreed to
pursue funding and development of the
projects collectively, and because
prompt completion is important for all
three projects, it is recommended a sin-

gle design firm or joint venture be re-
tained to engineer all three projects.
Assuming a firm or joint venture with
sufficient capacity is retained, all three
projects could move forward together
and benefit from joint equipment selec-
tion and other design design decisions
being made concurrently rather than se-
quentially. Additionally, worked to-
gether, the collective effort becomes
large enough to enjoy a more favorable
bidding climate with larger contractors
seeing opportunities to have one vs.
three mobilizations, etc.

-o-
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8.0 Funding
Wastewater management infrastructure
is expensive. Regardless of the treat-
ment technology, the underground con-
veyance systems and treatment facilities
involve are comparatively long-lived,
but capital intensive. Typically, areas
that are more densely populated develop
wastewater infrastructure as population
increases. In the Hoodsport-Skokomish
region, however, no conveyance systems
are in place and treatment is generally
conventional individual on-site septic

systems. This means conveyance must
be built in already-built environments
with various other buried utilities and/or
developed public rights-of-way. This
adds to the cost.

The following table lists funding that has
already been offered for the Hoodsport-
Skokomish region. The funding in the
shaded area is spent. The rest of the
funding remains available as of early
2007.

Grants for Hoodsport-Skokomish Wastewater Management
Puget Sound Early Action $57,000 Alternatives Study Spent and completed
Puget Sound Action Team-Hood
Canal Coordinating Council $177,320 Project Definitions Spent and completed

STAG ’03 for Hoodsport $667,800 Construction Grantee = PUD
(45% needed match $601K)

STAG ’06 for Hoodsport –
Skokomish Region $4,300,000 Construction Grantee = unassigned

(45% needed match $3,870K)
Centennial Clean Water Fund $1,000,000 Design/Construct Grantee = unassigned
State Parks – Potlatch $1,050,000 Design/Construct ’06 Leg. Appropriation

Unused “Earmarked” or
Committed Funds

$7,017,800

All of the funding listed above is in the form
of grants. The two State and Tribal Assis-
tance Grants (STAG) require 45% matching
funds. Federal money may not be used f6r
matching purposes, however state and pri-
vate grants and loans as well as “in kind”
efforts such as allowable staff costs may be
suitable for match. Neither State and Tribal
Assistance Grant is “under contract” (no
specific grant agreement has been estab-
lished that specifies exactly how the money
is to be used and what entity is responsible
for its proper management). The ’03 money
in particular may be at risk for continued re-
appropriation.

STAG funds are administered by the Envi-
ronmental Protection Agency. In the table
they are listed as being for construction. It

is possible to use these funds for design, but
the justification and administration of STAG
money for services which are not competi-
tively bid is comparatively complex and is
not commonly done in US Region 10.

The Washington State Centennial Clean
Water Fund grant may be used for both de-
sign and construction and is generally suit-
able for meeting federal grant match
requirements. Like the STAG funding, no
contract has been executed for this grant.
The $1,050,000 state legislative appropria-
tion listed is money assigned to the Wash-
ington State Parks Department for
improving wastewater management at Pot-
latch State Park. It is intended to be obli-
gated by the end of June, 2007, and its
expenditure is expected to result in suitable
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resolution of wastewater management for
the park. The State Parks Department has
been a willing and active participant in dis-
cussions and planning for a wastewater pro-
ject in the Potlatch Planning Area. The
$1,050,000, by current estimates, may be
approximately the right amount to cover
State Park’s appropriate share of the project
defined for Potlatch.

As always, grants are more desirable than
even zero interest loans. The absence of any
existing utility to initiate borrowing, the
need for nearly all facilities to be completed
and operational before there is any revenue
to pay back borrowed money, and the com-
paratively small number of customers rela-
tive to the substantial operating and capital
requirements leave limited capacity to han-
dle borrowing as a major sources of funding.

8.1 Potential Funding Sources

The TriParty Staff reviewed potential fund-
ing sources and completed development of a
grant and loan source inventory. The inven-
tory is presented on the next three pages. It
is divided into three sections that list rele-
vant sources for planning, designing and
constructing wastewater management facili-
ties. Among the most conveniently avail-
able loans are those from the Washington
Public Works Board that administers the
Public Works Trust Fund. Grants are typi-
cally available competitively on an annual
cycle such as those from the Department of
Ecology’s Centennial Clean Water Fund.

Federal funding typically requires comple-
tion of a National Environmental Policy Act
(NEPA) environmental review. Many or-
ganizations elect to prepare a State Envi-
ronmental Policy Act (SEPA) reviews
concurrently. See Sections 2.1.5, 3.1.5,
4.1.5 and the related Appendix 2.2 for addi-
tional details.
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Funding Sources Table
TriParty Staff

1/13/07

Source Maximum Match Interest Term Available Grants
Availability of

Funds

Planning

Public Works Trust Fund:
Applications due 5th of each month.
Awards occur monthly.

$100,000 None 0% 1-6 years None 90 days after ap-
proval

Community Development Block
Grant: Planning Only
Continuously open, planning only
Awards follow staff resources meeting

$35,000 Should Of-
fer - - Jurisdictions with >51%

lower/middle income
90 days following
approval

Community Economic Revitalization
Board: Submit 45 days prior to quar-
terly meetings in January, March, July
and November. Award follows Board
meeting.

$50,000 10% - - Yes When grant con-
tract is executed

USDA Rural Development:
Predevelopment Grantsi

Must meet with RD to determine if eligi-
ble

$28,000 None - - Available only if future
funding is through RD

When grant con-
tract is executed

USDA Forest Service: Funding is
cut

State Revolving Fund:
Applications due in October
Awards announced in January

<50% of
funds avail-

able
- 0% - 2.6% 6 -20 yrs. Spring
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Source Maximum Match Interest Term Available Grants
Availability of

Funds

Design

State Revolving Fund:
Applications due in October
Awards announced in January

<50% of
funds avail-

able
0% - 2.6% 6 -20 yrs. Spring

Centennial Clean Water Grant Fund:
Applications due in October
Awards announced in January

<50% of
funds avail-

able
0% - 2.6% 6 -20 yrs. Spring

State Revolving Fund:
Applications due in October
Awards announced in January

<50% of
funds avail-

able
- 0% - 2.6% 6 -20 yrs. Spring

Public Works Trust Fund:
Pre-Construction
Applications due 5th of each month.
Awards occur monthly.

$1,000,000
15%
10%
5%

0.5%
1.0%
2.0%

20 yrs 90 days after ap-
proval

State and Tribal Assistance Grants:
Congressional grant administered by
EPA

45% - - When grant con-
tract is executed

US Dept. of Commerce: Federal Eco-
nomic Development Administration
Bureau of Indian Affairs*

Construction
-continues on next page-

Public Works Trust Fund: Construc-
tion
Applications due in May.
Awards occur in August.

$10,000,000
15%
10%
5%

0.5%
1.0%
2.0%

20 yrs None May following
award

Community Trade and Economic De-
velopment: Jobs/Communities
Can be Legislative ear mark

- - -

Community Trade and Economic De-
velopment: Job Development
Can be Legislative ear mark

- - -
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Source Maximum Match Interest Term Available Grants
Availability of

Funds
Centennial Clean Water Grant Fund:
Facility Projects
Applications due in October
Awards announced in January

<50% of
funds avail-

able
- 0% - 2.6% 6 -20 yrs. Spring

Community Development Block
Grant: General Purpose
Apply in November
Award by April

$1,000,000 Should Of-
fer - - Jurisdictions with >51%

lower/middle income June

Community Development Block
Grant: Community Investment Fundii

Continuously open
Awards follow staff resources meeting

$1,000,000 Should Of-
fer - - Jurisdictions with >51%

lower/middle income
90 days after ap-
proval

Community Economic Revitalization
Board: Submit 45 days prior to quar-
terly meetings in January, March, July
and November. Award follows Board
meeting.

$1,000,000 10% -
Tied to

cost of 10
yr. bond

When grant con-
tract is executed

State and Tribal Assistance Grants:
Congressional grant administered by
EPA

45% - - When grant con-
tract is executed

Centennial Clean Water Grant Fund:
Hardship Facility Projects
Applications due in October
Awards announced in January

$10,000,000

Grant
matched by
mandatory
SRF loan

0% - 1.5% 6 -20 yrs. <$5,000,000 based on
hardship Spring

Centennial Clean Water/State Revolv-
ing Fund: Activity
Applications due in October
Awards announced in January

$500,000
Cash, in-

kind, other
grants/loans

0% - 1.3% 5 yrs. Up to 75% grant based
on hardship Spring

USDA: Tribal Wastewater Assistance* $1,000,000
Indian Health Services*
Private Foundation Assistance
Tacoma City Light*

*Available to Skokomish Tribe
Half of one percent of the money for the Water and Waste grant program is available for Engineering Report and NEPA documentation.

i Must be in top three on County’s WA-CERT list.
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The preceding inventory is neither com-
plete nor static. It is a starting point.
Public Utility District #1, the Skokomish
Tribe and Mason County is each experi-
enced at making application for, being
awarded and managing grants and loans.
Individuals on the staffs of each entity
can make application for and pursue
grant and loan opportunities. To aid this
effort, it is recommended files of rele-
vant wastewater grant and loan applica-
tions and relevant data be actively
maintained by some person or position
responsible to the TriParty group so as to
assure consistency and simplicity when
submitting grant and loan applications

8.2 Unified Funding Strategy

The TriParty Staff and the elected offi-
cials of the three parties to the August
Memorandum of Understanding have
had frequent and substantial discussion
concerning the pursuit of funding. Prior
to the February 6, 2007, meeting of
elected officials from the PUD, the Tribe
and the County, staff used a funding
planning tool to consider various ap-
proaches for using the grant funds al-
ready available and filling in the voids
with applications for other assistance.
Attempting to fairly allocate existing
grant resources among the three plan-
ning area projects proved complex and
ineffective, not unlike “fitting square
pegs in round holes.” Dealing with vari-
ous stages (pre-design, design, construc-
tion) of the three projects in aggregate
proved more satisfactory.

The TriParty staff’s review showed bet-
ter ability to promptly use existing grants
and probably better chances and flexibil-
ity in getting additional funding by the
parties working together. This view-
point was presented to elected officials

on February 6th. Although no specific
action was taken, the group reaffirmed
an earlier position to pursue funding col-
lectively, not competitively, to fullest
extent possible with the understanding
that…

Full commitment exists currently by all
entities to this memorandum to plan,
design, and implement and operate
wastewater solutions all three planning
areas although work schedules and
completion dates may vary.

August 31, 2006
Memorandum of Understanding

The parties recognize that a unified
funding approach among the three par-
ties makes efficient use of funding re-
sources, provides a stronger voice in
securing funds, and draws on the best
talent from each entity to vigorously
pursue the common goal of completing
projects in all three Planning Areas. The
parties will work jointly to secure and
manage funding. It is completely clear
that the parties to the Memorandum of
Understanding do not collectively con-
stitute a corporate entity. As a group
they have no ability to execute grant and
loan contracts with funding agencies.
Agreements will need to be executed by
one or more of the parties for each fund-
ing opportunity.

The proposed Unified Funding Strategy
to pay for the implementation of all three
project definitions includes the follow-
ing:

1. Arrange “fiscal agent” status for
one entity

2. Find $160,000 to do pre-design
(complete Facilities Plans)

3. Concurrent with the preceding
step, fund NEPA/SEPA as re-
quired for grants

4. Plan for state and private funding
and “in-kind” efforts to serve as
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federal match with particular at-
tention to federal eligibility

5. Work through agreements neces-
sary to sign grant contracts for
pre-design

6. Arrange management structure
and staff (someone providing
on-going attention to TriParty
matters) to suit funding strategy
and figure out how to pay for it
during pre-design, design and
construction

7. Pursue construction funding gap
on various fronts

-o-
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Figure 2.01
Hoodsport

Rural Activity Center (RAC)

Figure
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Figure 2.02
Hoodsport

Service Area 1 Alternative
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Figure 2.03
Hoodsport

Service Area 2 Alternative
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Figure 2.04
Hoodsport

Population Density

Figure
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Figure 2.05
Alternative and Cost Summary from

Previous Reports

Service Area
Estimated

No. of
ERUs

Alternative
Capital

Cost
Annual
O&M

Service Area 1:
Finch Creek
Corridor (1)

40 STEP Collection
System, Settling Tank,
and Pressurized Drain
Field

$1.3
million

$18,560

Service Area 2:
Finch Creek
Corridor and
Commercial
Area (2)

128 Grinder or STEP
Collection System and
Water Reclamation
Facility

$3.3
million

$86,440-
$90,360

Hoodsport RAC (3) 301 (2005)
424 (2015)

Grinder Pump
Collection System,
MBR or SBR Treatment
Facility, and Effluent
Reuse

$11.6-
$11.8
million

$255,000-
$267,000

(1) Table 9-1, Finch Creek Wastewater Feasibility Study (August 2000).
(2) Table 9-2, Finch Creek Wastewater Feasibility Study (August 2000).
(3) Table 8-10, Hoodsport-Skokomish Wastewater Management Alternatives Analysis

(October 2006).
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Figure 2.06
Hoodsport

Expanded Service Area 2 Alternative

Figure
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Figure 2.07a
Existing Population
Area Existing Population

Service Area 1 62 (1)

Service Area 2 139 (2)

Expanded Service Area 2 346 (3)

Hoodsport RAC 642 (4)

(1) Table 6-3, Finch Creek Wastewater Feasibility Study
(August 2000).

(2) Table 6-3, Finch Creek Wastewater Feasibility Study
(August 2000).

(3) (83 residences x 2.49 ppc) + 139 population for Service Area 2 =
346.

(4) Table 3-5, Hoodsport-Skokomish Wastewater Management
Alternatives Analysis (October 2006)

Figure 2.07b
Business Types within Hoodsport RAC

Business Type Number within the RAC
Restaurant/Eatery 6
Vacant/Closed 6
Boutique/Hair Salon 4
Post Office/Library/Bank 3
Churches 2
Clinics 2
Hardware Store 2
National Forest/Park Office 2
Other 2
Real Estate 2
RV Storage/Auto Repair 2
Fire Station 1
Fish Hatchery 1
Gas Station 1
Motel (15 rooms) 1
Nursery 1
Total 38

Figure 2.07c
Hoodsport RAC Existing Lot Sizes (1)

<1/3 acre (2) 1/3 to 1
acre

1 to 2.5
acres

>2.5 acres Total (3)

Number of Lots 51 65 66 18 200
Percent 26 32 33 9 100

(1) Mason County Assessor records.
(2) Mason County minimum building lot size for siting individual on-site systems: 12,500 square feet or

1/3 acre.
(3) Number of lots available in County’s Assessor records.

Figures
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Figure 2.08
Unit Flows and Loading Values

Report

Alternatives Analysis
Finch Creek

Study (1)

Flows: Residential
Average Per Capita Flow, gpcd 65 90
Maximum Month Flow, gpcd 80 135
Peaking Factors

Maximum Day to Average Day 2.0 2.0
Peak Hourly to Average Day 3.5 —

Flows: Commercial
Equivalent Residential Unit (ERU),
gpd

200 198

Restaurant 50 gpd/seat —
Motel 65 gpd/room —
Peaking Factors

Maximum Month to Average Day 1.25 2.0
Maximum Day to Average Day 2.0 2.4
Peak Hourly to Average Day 3.5 —

Loadings: Residential
BOD5, lbs/capita/day 0.18 0.2
TSS, lbs/capita/day 0.20 0.2
TKN, lbs/capita/day 0.029 50 mg/L
Peaking Factors

Maximum Month to Average Day 1.25 1.5
Peak Day to Average Day — 2.0

Loadings: Commercial
BOD5, lbs/ERU/day 0.45 0.43
TSS, lbs/ERU/day 0.50 0.43
TKN, lbs/ERU/day 0.072 0.077
Restaurant 0.2 lbs/day/seat for BOD5

and TSS;
0.032 lbs/day/seat for TKN

0.2 lbs/day/seat
for BOD5 and TSS

Motel 0.26 lbs/day/room for
BOD5 and TSS;

0.042 lbs/day/room for
TKN

0.26 lbs/day/room
for BOD5 and TSS

Peaking Factors
Maximum Month to Average Day 1.25 2.0
Peak Day to Average Day — 2.4

(1) Service Area 2. For Service Area 1, the design criterion for flow was 360 gpd per bedroom.

Figure
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Figure 2.09
Existing Flows and Loadings Estimates

Hoodsport
RAC

Service
Area 2

Expanded
Service Area 2

Wastewater Flows:
Average Flow, gpd 48,697 16,002 29,652
Maximum Month Flow, gpd 59,935 19,695 36,495
Maximum Daily Flow, gpd 97,394 32,004 59,304
Peak Hour Flow, gpd 170,439 56,006 103,782
Wastewater Loadings:
BOD5:

Average, lbs/day 142 54 92
Maximum Month, lbs/day 178 68 115

TSS:
Average, lbs/day 155 55 97
Maximum Month, lbs/day 194 69 121

TKN:
Average, lbs/day 23 8 14
Maximum Month, lbs/day 29 10 18

Figure
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Figure 2.10
Soils Map

Figure
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Figure 2.11
Geologic Map (Logan)

Figure
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Figure 2.12
Geologic Map (Carson)
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Figure 2.13

The Hoodsport RAC, Mason County, Washington

Figure
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Figure 2.14

Ethnographic sites in the Hoodsport RAC, Mason County, Washington

Note:
Consistent with Washington State Law, this map is
redacted in widely published copies of this report.
This map is intended for the use of planning and
design professionals in consultation with appro-
priate Tribal and State historic preservation
officials so that known cultural resource sites can
be avoided or properly managed in the event of
earth disturbing activities.
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Figure 2.15

Archaeological Potentially Sensitive Zones in the Hoodsport RAC,
Mason County, Washington.

Figure
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Figure 2.16
Topo, Geology & Parcels

Figure
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Figure 2.17
Relative Contaminant Transport Risk

Figure
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Figure 2.18a
Population Projections

Area 2005 2015 2025
Hoodsport RAC 642 906 1,277
Service Area 2 139 161 187
Expanded Service Area 2 346 401 466

Figure 2.18b
Future Flows and Loadings
Hoodsport RAC Service Area 2 Expanded Service Area 2

Existing 2015 2025 Existing 2015 2025 Existing 2015 2025
Wastewater Flows:
Average Flow, gpd 48,697 68,691 96,897 16,002 20,292 26,018 29,652 35,892 44,153
Maximum Month Flow, gpd 59,935 84,543 119,258 19,695 24,975 32,022 36,495 44,175 54,609
Maximum Daily Flow, gpd 97,394 137,382 193,794 32,004 40,584 52,036 59,304 71,784 88,306
Peak Hour Flow, gpd 170,439 240,418 339,139 56,006 71,022 91,063 103,782 125,622 154,535
Wastewater Loadings:
BOD5:

Average, lbs/day 142 20 282 54 69 89 92 109 136
Maximum Month, lbs/day 178 250 352 68 87 112 115 136 170

TSS:
Average, lbs/day 155 220 310 55 71 92 97 119 147
Maximum Month, lbs/day 194 274 386 69 89 115 121 149 184

TKN:
Average, lbs/day 23 32 45 8 11 14 14 18 22
Maximum Month, lbs/day 29 40 57 10 13 17 18 22 27

Figures

2.18
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Figure 2.19
Expected Effluent Limitations

Parameter
Average
Monthly

Average
Weekly

Location

Oxidized Wastewater
BOD5 15 mg/L 22 mg/L Final Effluent
TSS 15 mg/L 22 mg/L Final Effluent
Dissolved Oxygen Shall be measurably present

in effluent
Secondary
Effluent

Parameter
Average
Monthly

Sample
Maximum

Location

Coagulated and Filtered Wastewater (1)

Turbidity 2 NTU 5 NTU Prior to
Disinfection

Disinfected Reclaimed Water
Total Coliform 2.2 cfu/100 ml 23 cfu/100 ml Final Reclaimed

Water
pH Shall not be outside of the

range of 6 to 9 units
Final Reclaimed
Water

Total Nitrogen as N 10 mg/L — Final Reclaimed
Water

(1) Where membrane systems are installed, Ecology is considering a standard for turbidity
of 0.2 NTU (average monthly) to 0.5 NTU (sample maximum) and not requiring the
coagulation process step.

Figure

2.19



This page is intentionally left blank.



Figure 2.20
Groundwater Limitations

Parameter
Groundwater Recharge (1) Criteria

(sample maximum)
Nitrate as N 10 mg/L
Nitrite as N 1 mg/L
Arsenic 10 µg/L
Cadmium 5 µg/L
Chromium 100 µg/L
Lead 50 µg/L
Mercury 2 µg/L
Nickel 100 µg/L
Total Dissolved Solids 500 µg/L
Chloride 250 µg/L
Sulfate 250 µg/L
Copper 1,000 µg/L
Manganese 50 µg/L
Silver 100 µg/L
Zinc 5,000 µg/L
pH 6.5 to 8.5 standard units
Iron 0.3 mg/L
Toxics No toxics in toxic amounts

(1) The sample maximum is the highest allowable concentration for
any sample as measured in the groundwater at the top of the
uppermost aquifer beneath or downgradient of the infiltration site.

Figure
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Figure 2.21
ERU Cluster System Estimated Capital Cost

System Type
Septic
Tank

STEP
System1 Piping Treatment Effluent Total

Existing Septic
Tanks (7) N/A

7 @ $5,000
each =

$35,000
$15,000 $20,000 $20,000 $90,000

($12,860/ERU)

New Septic
Tanks (7)

7 @
$12,000
each =

$84,000

Included
with Tank $15,000 $20,000 $20,000 $139,000

($19,860/ERU)

1 Pump to convey septic tank effluent to treatment system

Figure
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Figure 2.22

Example Cluster System

Figure
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Figure 2.23a
Figure
2.23a

* = engineer's estimate

Treatment Plant Estimate
Engineer's Estimate $1,860,000 $1,605,000 *

Contingency $279,000 $240,750 *
8.3% Sales Tax $177,537 $153,197 *

Construction Cost $2,316,537 $1,998,947 *
Grinder Pump Collection System Estimate

Engineer's Estimate $2,859,000 $1,641,700 *
Contingency $428,850 $328,340 *

8.3% Sales Tax $272,892 $163,513 *
Construction Cost $3,560,742 $2,133,553 *

Effluent Force Main and Fate Estimate
Engineer's Estimate $715,000 $715,000 *

Contingency $107,250 $107,250 *
8.3% Sales Tax $68,247 $68,247 *

Construction Cost $890,497 $890,497 *
Advanced Cluster On-site Systems (assumes 6 clusters serving 45 ERUs)

Engineer's Estimate $736,071 *
Contingency $110,411

8.3% Sales Tax $71,105
Construction Cost $917,587

Total Construction Cost Estimates (sums similar lines above)
Engineer's Estimate $6,170,071 $3,961,700

Contingency $925,511 $676,340
8.3% Sales Tax $589,780 $384,957

Construction Cost $7,685,362 $5,022,997
Other Costs to Complete (some a % of Construction Cost)

Facilites Plan and Env Documentation $108,683 $108,683
Design Engineering1 12% $922,243 $602,760

Assistance During Const.2 8% $614,829 $401,840
Administration3 2% $153,707 $100,460

Design/Admin Contingency4 3% $230,561 $150,690
Cluster System Land5 $90,000
Sewer System Land6 $250,000 $210,000

$2,370,023 $1,574,432
Total Cost to Complete

Grand Total $10,055,385 $6,597,430
Annual Operating Costs (engineer's estimates)

Sewer SystemOperations $169,634 $143,704 *
Cluster System Operations $22,500 *

Total Annual Operating Cost Estimate $192,134 $143,704
Notes

1

2

3

4

5

6
See land cost estimate in Section 2.2.4.1, Section 2 Page 15.
This estimate is very preliminary and should be considered a "place holder."

Hoodsport RAC Cost Summary
Expanded

Service Area 2 Service Area 2

For large scale projects 10% is commonly used. Small scale projects require a larger percentage of
construction costs to pay for design.
Assistance during construction includes not only inspection and change-order tracking, but also operator
training, O&M manuals, etc.
Administration covers local agency project management costs
This contingency amount is based on construction cost. It amounts to a 15% contingency on the ~25%
of construction that is assigned for design and administration.
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Figure 2.23b

ITEM UNIT PRICE AMOUNT
1. Mobilization Demobilization 1 LS $150,000 $150,000
2. Site Work 1 LS $60,000 $60,000
3. Influent and Effluent Flow Monitoring

and Sample collection 1 LS $25,000 $25,000
4. MBR Equipment Package incl. Tanks 1 LS $825,000 $825,000
5. UV Disinfection 1 LS $65,000 $65,000
6. Sludge Storage, Blower and Pump 1 LS $40,000 $40,000
7. Operations and Equipment Building 1 LS $160,000 $160,000
8. Generator 1 LS $50,000 $50,000
9. Piping, Valves, and gates 1 LS $200,000 $200,000
10. Misc. Metal 1 LS $35,000 $35,000
11. Electrical 1 LS $200,000 $200,000
12. Coatings 1 LS $30,000 $30,000
13. Restoration 1 LS $20,000 $20,000

Engineer's Estimate $1,860,000
Contingency 15% $279,000

8.3% Sales Tax $177,537
Construction Cost $2,316,537

ITEM UNIT PRICE AMOUNT
1. Administration 1 LS $10,000 $10,000
2. Labor 1,040 HRS $35 $36,400
3. Power 220,000 KwH $0.07 $15,400
4. Repair and Maintenance 1 LS $15,000 $15,000
3. Membrane Replacement reserves 1 LS $5,000 $5,000
4. Sludge Hauling 200,000.0 GAL $0.18 $36,000

Annual Operation and Maintenance Cost Estimate $117,800

Hoodsport RAC
Expanded Service Area 2

MBR Treatment Plant
Jan. 2007

Construction:
QUANTITY

Operation and Maintenance:
QUANTITY

ITEM UNIT PRICE AMOUNT
1. Mobilization Demobilization 1 LS $180,000 $180,000
2. Traffic Control 1 LS $20,000 $20,000
3. 4-Inch Pressure Sewer 7,250 LF $37 $268,250
4. 3-Inch Pressure Sewer 4,000 LF $32 $128,000
5. 2-Inch Pressure Sewer 5,650 LF $30 $169,500

6.
Grinder P.S.'s with CP: Residential and
Comm. Equilvalent 178 EA $8,000 $1,424,000

7. Grinder P.S.'s with CP: Commercial 7 EA $20,000 $140,000
8. Side Sewer Stubs 30 EA $1,200 $36,000
9. Mainline Cleanouts 18 EA $1,800 $32,400
11. Abandon Septic Tanks 184 EA $1,200 $220,800
12. Creek Crossings 3 EA $10,000 $30,000
14. Restoration 1 LS $210,000 $210,000

Engineer's Estimate $2,859,000
Contingency 15% $428,850

8.3% Sales Tax $272,892
Construction Cost $3,560,742

ITEM UNIT PRICE AMOUNT
1. Administration 1 LS $10,000 $10,000
2. Res. Grinder Pump Repair and Maint. 177 EA $84 $14,868
3. Comm. Grinder Pump Repair and Maint. 7 EA $168 $1,176
4. Sewer Pipe 3.2 MI $3,000 $9,540

Annual Operation and Maintenance Cost Estimate $35,584

Hoodsport RAC
Expanded Service Area 2

Grinder Pump Collection System Cost Estimate
Jan. 2007

Construction:
QUANTITY

Operation and Maintenance:
QUANTITY

Figure
2.23b
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Figure 2.23c

ITEM UNIT PRICE AMOUNT
1. Mobilization Demobilization 1 LS $70,000 $70,000
2. Traffic Control 1 LS $5,000 $5,000
3. 4-Inch Force Main 5,000 LF $30 $150,000
4. Lift Station 1 LS $160,000 $160,000
12. Infiltration Area 1 LS $300,000 $300,000
14. Restoration 1 LS $30,000 $30,000

Engineer's Estimate $715,000
Contingency 15% $107,250

8.3% Sales Tax $68,247
Construction Cost $890,497

ITEM UNIT PRICE AMOUNT
1. Administration 1 LS $5,000 $5,000
2. Labor 150 HRS $35 $5,250
3. Lift Station Repair and Maintenance 1 LS $3,000 $3,000
4. Force Main 1.0 MI $3,000 $3,000

Annual Operation and Maintenance Cost Estimate $16,250

Hoodsport RAC
Expanded Service Area 2

Force Main and Reuse Area
Jan. 2007

Construction:
QUANTITY

Operation and Maintenance:
QUANTITY

System
Type

Septic
Tank

STEP

System 1 Piping Treatment Effluent Total

$90,000

($12,860/
ERU)

$139,000

($19,860/
ERU)

Average Estimated Cost for one 7 ERU cluster $114,500 based on engineer's estimates

Rough estimate ERUs served by advanced clusters 45
Estimated number of clusters 6

Estimate $736,071 based on engineer's estimates

Contingency 15% $110,411
8.3% Sales Tax $71,105

Sub-total $917,587

Land Cost per Cluster (midpoint of estimate) $14,000 based on engineer's estimates

Total Estimated Land Cost $90,000
Construction Cost (including land) $1,007,587

Annual Operating Cost @ $3.5K per Cluster $22,500 based on engineer's estimates

$20,000 $20,000

Existing
Septic Tanks

(7)

Advanced On-site Cluster System Cost Extensions

New Septic
Tanks (7)

7 @
$12,000
each =

$84,000

Included
with Tank $15,000

N/A
7 @ $5,000

each =
$35,000

$15,000

Table from Figure 2.21 (engineer's estimates)

$20,000 $20,000

Figure
2.23c
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Figure 2.24

Example Schedule
Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr

Geologic investigations and mapping
NEPA/SEPA/SERP Documentation

Prepare Facilities Plan Financials
Complete approvable Facilities Plan

Conduct Facilities Plan approval process
DOE Facilities Plan Review

Select and contract w/ design firm
Initiate design

Determine operating entity/arrangement
Submit Engineering Report to DOE

Initiate cultural resource planning
Site facilities and begin environmental work

Determine construction acceptance plan
Conduct value engineering workshop

Secure final design approval from DOE
Construct treatment works

Construct collection and conveyance
Construct non-sewer on-site facilities

Construct effluent fate facilities
Commission

2007 2008 2009 2010

Figure

2.24



This page intentionally left blank.



Figure 2.25
Hoodsport Expanded Service Area

Figure

2.25
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Figure 3.01

Figure

3.01
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Figure 3.02

Figure

3.02
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Figure 3.03

Wastewater Flow for Potlatch Area – Phase 1

Figure

3.03
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Figure 3.04

Wastewater Flows for Potlatch Area -
Ultimate

Figure

3.04



This page is intentionally left blank.



Figure 3.05

Figure

3.05
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Figure 3.06
Figure

3.06
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Figure 3.07
Soils Mapping

Figure

3.07
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Figure 3.08

The Potlatch & Skokomish Indian Reservation Study Area, Mason County, WA

Figure

3.08
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Figure 3.09

Archaeological and ethnographic sites in and near the Potlatch & Skokomish
Indian Reservation Study Area, Mason County, WA

Note:
Consistent with Washington State Law, this
map is redacted in widely published copies of
this report. This map is intended for the use of
planning and design professionals in
consultation with appro-priate Tribal and State
historic preservation officials so that known
cultural resource sites can be avoided or
properly managed in the event of earth

Figure

3.09
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Figure 3.10

Archaeological potential zones in the Potlatch & Skokomish Indian Reservation
Study Area, Mason County, WA

Figure

3.10



This page is intentionally left blank.



Figure 3.11

Figure

3.11

Wetlands
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Figure 4.01
Wastewater Flow for Core Area – Phase 1

Figure

4.01
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Figure 4.02
Wastewater Flow for Core Area – Ultimate

Figure

4.02
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Figure 5.01
Land Area Requirements for

Treatment and Disposal
All Units in Acres

System MBR SBR
Rapid

Infiltration
Irrigation

Storage
Pond

Potlatch 1.7 2.0 3.5 20.9 7.8
Core 1.8 2.2 4.4 26.1 9.8
Combined 2.0 2.4 7.9 47.0 17.6

Figure

5.01
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Figure 5.02

Figure

5.02



This page intentionally left blank.



Figure 5.03

Figure

5.03
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Figure 5.04

Figure

5.04
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Figure 5.05

Figure

5.05
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Figure 5.06
Life Cycle Cost Comparison

Figure

5.06
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Figure 5.07

Figure

5.07
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Figure 5.08

Figure

5.08
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Figure 5.09

Figure

5.09
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Figure 7.01

Figure

7.01

Activity Hoodsport Potlatch Core Res Pot + Core

Engineering $24,516 $38,424
Hydrogeology + Survey $31,500 $15,750 $15,750 $31,500

Environmental Documentation $30,000 $30,000 $30,000 $60,000
Financial $22,667 $22,667 $22,667 $45,333

$108,683 $68,417 $68,417 $175,257

Hoodsport-Skokomish Facilities Planning Summary

* = engineer's estimate

Total Construction Cost Estimates (sums similar lines above)
Engineer's Estimate $6,170,071 $3,961,700

Contingency $925,511 $676,340
8.3% Sales Tax $589,780 $384,957

Construction Cost $7,685,362 $5,022,997
Other Costs to Complete (some a % of Construction Cost)

Facilites Plan and Env Documentation $108,683 $108,683
Design Engineering 12% $922,243 $602,760

Assistance During Const. 8% $614,829 $401,840
Administration 2% $153,707 $100,460

Design/Admin Contingency 3% $230,561 $150,690
Cluster System Land $90,000
Sewer System Land $250,000 $210,000

$2,370,023 $1,574,432
Total Cost to Complete

Grand Total $10,055,385 $6,597,430

Hoodsport RAC Cost Summary
Expanded

Service Area 2 Service Area 2

Construction Eng, Admin &
Alt. Conveyance Treatment Disposal Total Contingency Perm Total Cost/ERU

1A Potlatch Bubble, separate treatment 294,000 1,917,000 190,000 2,401,000 600,250 432,180 3,433,430 33,661
2A Core Reservation, separate treatment 1,722,000 2,565,000 234,000 4,521,000 1,130,250 813,780 6,465,030 18,739
3S Combined Treatment 3,210,000 3,548,000 317,000 7,075,000 1,768,750 1,273,500 10,117,250 22,627

PHASE 1

(MBR & RAPID INFILTRATION)
COST COMPARISONS - PHASED

Figure 5.08
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Appendix K 
Infiltration Evaluation/Water Quality Project Planning, GeoSciences, Inc. (2007) 



n lm Uu.a1 HWA GEOSCIENCES INC. 
Geo1ec/111ical 10·11)!i11eeri11J! • HrdroJ!t?O!o.~ri· • Geoenr iro11111e111a/ Se1Tices • l11sprc1io11 a111/ Test111.>!. 

July 30, 2007 

HWA Project No. 2006-172-600 

Gray and Osborne 

701 Dexter A venue North, Suite 200 

Seattle, Washington 981091 

Attention: 

Subject: 

Mr. HaITy Sellers, P.E. 

INFILTRATION EVALUATION 

WATER QUALITY PROJECT PLANNING 

POTLATCH "BUBBLE" PLANNING AREA 

MASON COUNTY, WASHINGTON 

Dear Mr. Sellers: 

HWA GeoSciences Inc. (HWA) is pleased to submit this effluent disposal/infiltration_,,.// 

,.. 

/ 

feasibility review at the Potlatch "Bubble" plamung area in Mason County, ~3t8hifi.gton _,...,,...· 

(Figure 1). . .. / J l ........ , 
INTRODUCTION /. / 

HWA prepared an infiltration evaluation dated March .8 2007 tb prdvid~·: preliminary 
evaluation of several sites within the Potlatch planning area, fot infiftratiotl potential 
(HWA, 2007). The following repmi provides adtlitional\nforn~ation 9ased upon 

supplemental investigations at one selected site/ J ithin th~\Ianliing f;;·ea. 

Goals and Objectives , / / ) I\ \ 
The goals and objectiv~s of ~his ftud) w9re to evaluate the infiltration potential and site 
suitability o~ the 'select~ site, by I determining/soil .JYIIB~~l)d identifying potentially 
suitable infi.1ltration receptorlsoils. Figm~\l shows the lJcation of the area investigated, 
the Potlatc~1 State P'ark n l·ainfield·. \ I , I I I I I /,,...., 
SITEE,LORATJO/ / 

HWA monitorL tlle excavation of two test pits on February 21 , 2007, and five test pits 
on June d, 2odi.' Exl avation services were provided by the Skokomish Tribe 
Depaiimedt of N~tuhtl Resources and Lot Hauling of Shelton, Washington, respectively. 
Figure 2 showS'tl1e test pit locations (TP-14 tlU'ough TP-22). Test pit logs are included in 

I 
Appendix A. The investigation area is discussed below. 

19730 - 6-l'h Avenue W. 
Suite 200 

Lynnwood, WA 98036-5957 
Tel : 425 .774.0106 
Fax: 425 .774.27 1-l 

11·ww. lnn1gcosricnccs.com 
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Potlatch State Park Drainfield 

The State Parks drainfield is located west and uphill from Highway 101 and the Potlatch 
State Park Campground. The site is a cleared, grassy area surrounded by forested land, 
and slopes down to the east. The drainfield area is mapped near the contact between 
glacial till and outwash by Logan (2003) and Carson (1976) and as glacial till by 
Shaimon & Wilson (1978). The soils map indicates Hoodsport (till-derived) soils in this 
area (Ness and Fowler, 1960). 

HWA previously monitored the excavation of two test pits, designated TP-14 and TP-15, 
one at either end of the drainfield, at the edge of the cleared area. HWA completed five 
additional test pits (TP-18 to TP-22) at the site to confinn the nature of outwash soils and 
assess the lateral extent of the soils. Soils encountered in test pit TP-18 included 
approximately six feet of topsoil and silty sands and gravel (weathered outwash) over 
relatively clean gravels and sand (outwash) to depths of up to eight feet below grade. 
Soils at the remaining test pits included 0.5 to one feet of topsoil over relatively clean 
sandy gravels ( outwash) to depths of up to ten feet below grade. Ground water was not 
encountered in the test pits at this location, and is likely deep, based on the topography · 1 
(i.e., upland location, approximate elevation of 200 feet). Ground water gradient at the 
site is likely to the east, or downslope. We previously observed numerous grou1~d water .. / 
springs at the base of the hillside along the western side of Highway 101 in the general 
area south of the State Park (HWA, 2007). This seepage is likely occurring alb g the 
advance outwash exposure at the base of the hill. 

1 1 

INFILTRATION ESTIMATES - METHODS /\ i ( 1 
The Washington State Department of Ecology (Ecology) 2005 Stormwater 1\1/anagement 
1\1anualfor Western Washington recommends utilizing one oftlu·ee methods for I 
determining infiltration rates: ASTM grain size distribution, USDA textural analysis from 

soil samples, and in-situ field meas~rements/ j ) \ 
This guidance document is intended prl arily fol stormw_ater, apd therefore does not 

1 I · · b... \, 1 11 f I I l . '-1 . - . 1 f 1 d 1 app y at t 11S Slje, ut contams resu ts o recent rr searc 1 anll pnnc1p es o lY rogeo ogy 
which can b9 used t,o estim~te infiltra~ion rites fron f other sources (e.g., treated waste 
water effluent) . HWA\ utilii ed ASTM grain ~ite distribution and USDA textural analysis 
to estimate i1foltration ratesJfor this project. 1-fw A analyzed 11 soil samples collected 
from test pits at tile State Parks drainfield site for grain size distribution and textural 
classification in ar o::dan;e with these methodologies. 

The infiltration rates estiinated by the grain size methods assume a ve1tical gradient of I, 
with no ground water or perching layers beneath the facility, i.e., no ground water 

I 
mounding. HWA estimated flow rates for a given area assuming some degree of 
mounding, by adjustment of the ve1tical gradient to some value below 1, as described 
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below. We then independently estimated mounding potential by several other analytical 
methods, also described below. 

LABORATORY TESTING 

Laboratory tests were conducted on selected soil samples to characterize relevant 
properties of the on-site soils. Laboratory testing included determination of moisture 
content and grain size distribution. All testing was conducted in accordance with 
appropriate ASTM standards. The test results and a discussion of laboratory test 
methodology are presented in Appendix B. 

ASTM Grain Size Distribution 

The ASTM grain size distribution method compares infiltration measurements from full­
scale infiltration facilities to soil gradation data developed using the ASTM procedure 
(ASTM D422). Because this method compares data from existing full-scale infiltration 
facilities , the estimated infiltration rates are presented as estimated long-term infiltration 
rates. The estimated long-term infiltration rates assume an average degree of long-tenn 
facility maintenance, TSS (total suspended solids) control, and site variability in the / 
subsurface conditions. ,,.-/ 

/ ,./ 
The ASTM grain size distribution method compares infiltration measureme9ts 1rom full- f 

scale infiltration facilities to the DIO, or grain size at which 10% ofthe, sainpl~ is finer, 0£ 
.. I I,,; 

the soil, as measured using the ASTM procedure (ASTM D422). This method is no 
appropriate for soils with dlO less than 0.05 mm, which includes ~everal'S'amples from on 
site soils tested, therefore infiltration rates were not estimated usii\g this techhique fdr 
those samples. Table 1 shows the results of the grain size ~nalysds and Appdndix B 

presents the soil laboratory data. \ ·· 

USDA Soil Textural Classifica~on \ /\ 

Infiltration rates can be estimated from grain} size distriol.1tion dat~ using the USDA 
textural analysis approach. HV/ A ~1!llfzed '~oil sample~ cf llecfed from test pits for grain 
size distribution and textu1~l classificatio£ in acdordanc~ witn ASTM test procedures, 
corrected to approximate the USDA proced~res~ Td determine long-te1m infiltration 

I 
\ I I I\ \/) 

rates based on the USD
1 
A metHod, Ecology recommends that the short-term infiltration 

b d I d b I . I f; I ~ d _.vr h ·1 1 1 'fi . rates e re uce ,y a correction actor u~se on t e soi textura c ass1 icat10n, average 
degree of long-terb fatilit~ mJinteAance;' TSS reduction tlu·ough pretreatment, and site 
subsurface variabi

1

lity/ Table V _sho~s the results of the grain size analyses and Appendix 
J . I ~· 

B presents the soil raboratory data. l,,,// 
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Table 1 
Long-Term Infiltration Rates* 

Based On USDA and ASTM Soil Textural Classification 

Ecology Long 
Term rates 

Test USDA ASTM USDA 
Pit Depth ASTM description Classification (in/hr) (in/hr) 

Drainfield 
TP-14 2.5 Poorly Qraded SAND with Qravel SAND 6.5 2 
TP-14 8.5 Well Qraded GRAVEL with sand SAND 4.2 2 
TP-15 3.5 Poorly graded SAND with gravel SAND 1.8 2 
TP-15 5.3 Well qraded GRAVEL with sand SAND 5.5 2 

TP-15 6.5 Poorly Qraded GRAVEL w/ sand SAND 5 2 
TP-18 7.0 Poorly graded GRAVEL with sand SAND 9 2 

TP-1 9 4.0 Poorly graded GRAVEL with sand Loamy SAND 9 0.5 

TP-19 7.0 Poorly graded GRAVEL with sand SAND 3.5 2 

TP-20 5.0 Well graded GRAVEL with sand Sandy LOAM 9 0.5 

TP-21 8.0 Well graded GRAVEL with sand Loamy SAND 9 2 

TP-22 5.0 Well graded GRAVEL with sand SAND 9 2 
,.r ~// I 

./ .. "" ,,,. 

* based on Stormwater Management Manual for Western Washmgton, Ecology, 2005. 

INFILTRATION ESTIMATES-RESULTS ,,../ _,,,,/_,. 

/1 r ,, 
Ve1tical infiltration is limited by the least permeable layer in the soil p~:9file. H~b- did 
not analyze the fine grained soils (e.g., silts and silty sands) encountered in ou~· "' 
explorations. The infiltration rates provided herein should therefdre be us~d in 
conjuncti.on wit~ the test. p.it. logs (Appendix A) and t~~)nounding anali~~es (~elow) to 
evaluate mfiltrat10n feas1b1hty. / / ,,..) 

Based on HWA's grain size testing, long tenn infil/i·atibn ra es for soils .. ~ncountered at-· 
the site are approximately 0.5 to ~ in/Iii usin~ the r!Js~'A method, land ~p to 9 in/hr using 

theASTM method. 

1
- ,., ) J L \ \ J 

Soils at the State Parks drainfield IJcatil n were generally granular ~fad consistent in 
. . d . / ti\ ·il1 fi ! .; fil / . I d ....... 11 . / B . fil . . compos1t10n, an 'appear eas1u e or m I trat10n pon s or uasms. ecause m I trat1on I S 

limited by the least pennea~le 1layer in the s'6il ~rofife, 0.5 in/hr should be used to 
· 11 

·: \ • 1 Jd · rfi ~I · \ ' ti1 h. 1· · I · conservative y estimate s1tejw1 e 111 1ltrat10n rates or t IS pre nnmary eva uat10n. 
Design infilt~atio1i ratek should be ~dju~ted ba~e'd on further ground water mounding 
studies, as recommended below. . I I I I I I \/"' 

GROUND t ATkjiUNliNG 
Ground water mo;inding is a local raising of the ground water table due to infiltrating 
water from t~e· surface. If a ground water mound reaches the infiltration facility, 
infiltration rates are greatly reduced, and facility failure may occur, depending on flow 
rates and storage volume. 
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To evaluate impacts to ground water flow due to the proposed infiltration facility, HWA 
used several methods, as described below. 

Ecology/ Massmann method 

Based on preliminary infiltration estimates of 0.5 in/hr at the Parks Drainfield site, HWA 
estimated the area required for infiltration of an assumed 45,000 gallons per day (gpd). 
We used a variation of Darcy's law, which states Q = f i A, where: 

Q = discharge 
f = infiltration rate 
i = vertical gradient 
A= area 

45,000 gpd 
0.5 in/hr 
see below 
see below 

Ve1tical gradients where depth to ground water is shallow can be estimated using a 
regression method (based on multiple sites with measured infiltration rates) outlined by 
Massmann (Ecology, 2005), where the vertical gradient for a pond is described by the 
following relationship: i = (Dwt+Dp)/138.62*K0

·
1
) x CF, where: 

Dwt = depth to water 50 feet (conservatively assuming perching 
layers or mounding) I 
assumed 6 feet I I 
100 feet/day (based on unsaturated soils, 

I 
estimated from grain size testing results 

Dp = pond depth 
K = hydraulic conductivity 

CF = a cmTection factor for pond size, CF= 0.7}(At·76 where A = area 
i = ve1tical gradient 0.18 

This equation generally will result in a calculated gradient ~f less than 1.0 for moderate to 
shallow ground water depths (or to a low permeabJity laye1}felow the faci lity, and 
conservatively accounts for the development \of a ~roui1d water moundl 

Solving for area yielded approximately l ac1e re uire~ !or infi~ration bf 58,000 gpd, 
which is above the desig~'ave1)age dail~ dilcharde rate .. of -~5,000 gpd. Construction of 

;0~:~.ple pon~S:7>1~ned~ wi'.I alllw\ r te\j':'f drainage and maintenance of each 

These estimates should be considered preliminary, as ground water depths or potential 
perching layers h+ e nbt been determined. Recommendations for additional studies 
required to suppmt final design are described below. 

/' 
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Hantush Method 

HWA performed preliminary analytical flow modeling based on Hantush ( 1967) to 
simulate the maximum height of the water table beneath a rectangular recharge area. The 
following is a list of assumptions and model input variables used in the flow model: 

• Hydraulic conductivity = 100 ft/day 
• Specific yield = 0.2, typical for unconfined sand aquifers 
• Initial saturated thickness = 20 ft, conservatively assumed in the absence of 

deeper subsurface infonnation 
• Area = 200 x 200 ft (approximately 1 acre) 
• Recharge rate = 0.13 ft/day (1.56 in/day)= 45,000 gpd 
• Time 3,650 days (10 years) 

For the assumed variables at the site, the aquifer mounding predicted with 45,000 gpd 
discharge was approximately 1. 7 feet above pre-infiltration conditions. 

This minimal predicted mounding is due to the unifo1111, high assumed hydraulic 
conductivity. In actuality, the potential presence oflayering and intervening fine grained 
deposits beneath the infiltration ponds may result in a greater degree of ground water ,.,.,,,,.,,-­
mounding, which can not be modeled using this one-layer analytical model. 

,,,/ .... 

SLOP~ ~T ABILITY /~·< l r/ . 
A prelnm?ary no~theast-sout~west slope profile con~tructed throug.~\.the dra1 ?.fi~ld·· I 
commencmg uphill of the dramfield area and extendmg towards tl1e flat ground m the 
campground area shows that the slope is approximately 25 to 30 J ercent. According ~o 
the geologic maps described earlier and HWA test pit exploration~, th~ site' iJ under11in 
by glacial advance outwash deposits . These depositf were ~lacially over-!·idden, ancl are 
dense to very dense. Typically, this soil is stable arld has hi~h shJar strell"gth (interntll 
friction angle of up to 45 degrees) . Accordibg to Mas91 County :rkesoJrce Ordinanc~-­
(Ordinance No. 77 - 93), Chapt~r 17.01.100 l Lanfislide\Haz~rd Area J Section E, 
Geotechnical Report, Categor{ D, "A1;ehs wi)h stdpes/.beA·veeny 5iand JO percent 1'VW 

require a geological assessme1

1

1t, mJd 111~1y fi/,·thel require a geotechni~al report ... ". 
Tl c HWA .. .- \ d dd. I ... / 1 1 ·1 11 • //'\ h ) ... fl d 'nfi ld 1ere1ore, . teconunen s a 1tiona sot exp or~t10n ip t e v1c1111ty o t 1e rm ie 
prior to addition of any ne1 flows to the d1~\nfi fuld drea to ~haracterize the soil unit 
underlying tl~e adyanc~ outy aJh depo\ its an&~valu~te the stability of the slope, which 
extends fron~ the existA1g drai1Weldl ar~ to the -{ampground area. 

I I l I I I \/ 
WATER REUSE REGULATIONS 

I [// ! L// 
Ecology water reuse standards (1997) stipulate that a 500-foot setback is required 
between an i~1filtra!iolfacility and ground water or surface water drinking water source. 
A water well ljs l6~ated west of the existing Parks drainfield (Figure 2). This well is 
owned by the Skokomish Indian Tribe and is reported to be 260 feet deep. The well log 
is included in Appendix A. The drillers well log reported gravelly topsoil over gravel to 
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a depth of 67 feet. Silt was reported from 67 to 92 feet, and gravel, sand and silt 
(possibly glacial till) was repo1ted from 92 to 196 feet. Sand and gravel was recorded 
from 196 to 260 feet (pre-Vashon outwash deposits). Ground water was reported to be at 
196 feet below ground surface (bgs) at time of drilling. 

Additional recorded wells in the vicinity include those owned by Potlatch State Park and 
the Minerva Beach RV Park. Drillers logs for these wells are also included in Appendix 
A. Figure 2 shows approximate 500 foot distances from the wells. Accurate surveying 
would be needed to properly site the facility . 

CONCLUSIONS 

HWA conducted subsurface investigations at the Washington State Parks drainfield area 
to assess the suitability of this area for potential wastewater infiltration facility siting and 
design. The investigations consisted of completing test pits at the property. HWA 
completed laboratory grain-size analysis of selected soil samples and used the results to 
estimate infiltration rates and potential ground water mounding at the site. 

The Parks drainfield area soils consisted of typically poorly-graded sand and gravels in 
the site. These soils did not appear to have significant low-permeability layers to the ,,. -· 

/ 

investigation depth of approximately 10 feet bgs. // 

Tl . fil . b d 'l . . . d . d 0-"5/1 rh /1 1e m 1 tratlon rate ase on soi gram size testmg ata was estimate at . m~ ~s 10ur // ~/ I 
at the Parks prope1ty. This value does not account for mounding due to perchmg layers 
or shallow ground water beneath the facility. Flow estimates assJming sbi'n e, degree lof 
mounding indicate approximately 1 acre would be ne>essary to inBltrat~_..tne proposel:l 
58,000 gpd. The preliminary predicted site infiltration rat~\accouhting for p,dtential 
mounding is approximately 0.09 in/hr, or 2.2 in/dal Preliminad grotmd<~ater 

l . f \ _,,./ 
mounding estimates for the Parks site slid not indicate signifi'cant unpact from the " 

proposed infiltration volumes. _, ,. : ) I \ \ 
These estimates should be con~ideryd ~eliyinary, fo , .. planning purpo es. Additional 
studies recommended for esi~ are descrioed b~low. ....- \ J v 

RECOMME~ATI\NS I\ \J j/ / 
If this site is selecled, HW fa!.. recommentls an additional hydro geologic investigation. Soil 
borings and mon..i~orin~ wel

1
ls Jhoultt be iri~talled and tested to establish ground water 

levels, quality, aq~i,.. par,mete~·s,- ~nd to aid in slope stability evaluations. Seasonal 
ground wate1j chaitges sl}duld JYe evaluated. Monitoring during one wet season at a 
minimum is recommen'ded. Additional ground water mounding analysis and modeling to 
predict flow l·at~s afid impacts to nearby surface water features should be performed 
based on thisld~ta. 
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Pilot infiltration testing would be needed to size the facil ity for design flows. The pilot 
test typically entails a 17-24 hour period of infiltration at rates scaled to design flows, 
into an approximately 100 square-foot pit or 8 foot diameter steel ring excavated to the 
receptor soils. Discharge and water levels are monitored and long term infiltration rates 
can be approximated. Construction of multiple infiltration ponds in phases and 
monitoring peak use and ground water mounding is also an option for facility 
development. 
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LIMITATIONS ) I I I \ 

The conclusions expressed by HWA are based solely on material referenced in this 
report. Observations ~ere made under the conditions stated. Within the limitations of 

/ 

scope, schedule and budget, HWA attempted to execute these services in accordance with 
generally accepted professional principles and practices in the area at the time the report 
was prepared. No warranty, express or implied, is made. Experience has shown that 
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subsurface soil and groundwater conditions can vary significantly over small distances. 
It is always possible that contamination may exist in areas that were not sampled. 
HW A's findings and conclusions must not be considered as scientific or engineering 
certainties, but rather as our professional opinion concerning the significance of the 
limited data gathered and interpreted during the course of the assessment. 

We recommend that HWA be retained to review the plans and specifications to verify 
that our re~ommendations have been interpreted and implemented as intended. Sufficient 
field monitoring, testing and consultation should be provided during construction to 
confirm that the conditions encountered are consistent with those indicated by 
explorations, and to provide recommendations should conditions revealed during 
construction differ from those anticipated. HWA does not practice or consult in the field 
of safety engineering. We do not direct the contractor's operations, and cannot be 
responsible for the safety of personnel other than our own on the site. 

This study and report have been prepared on behalf of Gray & Osborne and Mason 
County, for the specific application to the subject propeity. This report should be 
provided in its entirety to prospective contractors for bidding and estimating pmposes; 

/ 

however, the conclusions and inte1pretations presented in this rep01t should not be / .. 
construed as a watTanty of the subsurface conditions. We are not responsible for the 
impacts of any changes in enviromnental standards, practices, or regulations subsequent _,..,,,... 
to performance of services. We do not warrant the accuracy of information supblied by 
others, nor the use of segregated portions of this rep01t. I 

----o·o----~(-r~ 
.... , I 

We appreciate the opportunity to provide our services. Please feel free to call us if you 

have any questions or need more information. D j l 
Sincerely, 

HWA GEOSCIENCES INC. 

Vance Atkins, LG, LHG 

Senior Hydrogeologist 

2006-172 600 potlatch rpt.doc 9 

Arnon Sugar 

Amie Sugar, LG, LHG 

Vice President 

HWA GEOSCIENCES INC. 



L 
z ... -- .. ~ 0 .... _~ 

["".. --'° ... ·· ~ 

TNj fiMN v 180 

ANN S 

z 
"b-,,.._~~~,---H-hl~ 

0 
0 
If) 
(Y) 

["".. 
v 

123. 18333° W 123. 16667° W WGS84 123 .15000° W 
0 5 1MM 

0 1000 FEET 0 500 1000 METERS 
F3 F3 F3 I F++J f++3 I I F++J Erii 

Printed from TOPO! ©2001 National Geographic Holdings (www.topo.com) 

EXPLORATION LOCATIONS FIGURE NO. 

IJ~ HWA GEOSCIENCES INC. MASON COUNTY 
WATER QUALITY PROJECT PLANNING 
POTLATCH BUBBLE PLANNING AREA 

1 
PROJECT NO. 

2006-172-600 



APPROXIMATE SCALE 
I 

0 I 00 200 300 400 500 feet 

Base map provided by Cascade Design 

IJ~ I HWA GEOSCIENCES INC. 

Legend: 
-$- Previous test pit 

O Water well 

EXPLORATION LOCATIONS 2 
PARKS DRAINFIELD 

FIGURE NO. 

MASON COUNTY PROJECTNO. 

WATER QUALITY PROJECT PLANNING 2006172-600 
POTLATCH BUBBLE PLANNING AREA 



n lm Uu.a1 HWA GEOSCIENCES INC. 
Geo1ec/111ical 10·11)!i11eeri11J! • HrdroJ!t?O!o.~ri· • Geoenr iro11111e111a/ Se1Tices • l11sprc1io11 a111/ Test111.>!. 

July 30, 2007 

HWA Project No. 2006-172-600 

Gray and Osborne 

701 Dexter A venue North, Suite 200 

Seattle, Washington 981091 

Attention: 

Subject: 

Mr. HaITy Sellers, P.E. 

INFILTRATION EVALUATION 

WATER QUALITY PROJECT PLANNING 

POTLATCH "BUBBLE" PLANNING AREA 

MASON COUNTY, WASHINGTON 

Dear Mr. Sellers: 

HWA GeoSciences Inc. (HWA) is pleased to submit this effluent disposal/infiltration_,,.// 

,.. 

/ 

feasibility review at the Potlatch "Bubble" plamung area in Mason County, ~3t8hifi.gton _,...,,...· 

(Figure 1). . .. / J l ........ , 
INTRODUCTION /. / 

HWA prepared an infiltration evaluation dated March .8 2007 tb prdvid~·: preliminary 
evaluation of several sites within the Potlatch planning area, fot infiftratiotl potential 
(HWA, 2007). The following repmi provides adtlitional\nforn~ation 9ased upon 

supplemental investigations at one selected site/ J ithin th~\Ianliing f;;·ea. 

Goals and Objectives , / / ) I\ \ 
The goals and objectiv~s of ~his ftud) w9re to evaluate the infiltration potential and site 
suitability o~ the 'select~ site, by I determining/soil .JYIIB~~l)d identifying potentially 
suitable infi.1ltration receptorlsoils. Figm~\l shows the lJcation of the area investigated, 
the Potlatc~1 State P'ark n l·ainfield·. \ I , I I I I I /,,...., 
SITEE,LORATJO/ / 

HWA monitorL tlle excavation of two test pits on February 21 , 2007, and five test pits 
on June d, 2odi.' Exl avation services were provided by the Skokomish Tribe 
Depaiimedt of N~tuhtl Resources and Lot Hauling of Shelton, Washington, respectively. 
Figure 2 showS'tl1e test pit locations (TP-14 tlU'ough TP-22). Test pit logs are included in 

I 
Appendix A. The investigation area is discussed below. 

19730 - 6-l'h Avenue W. 
Suite 200 

Lynnwood, WA 98036-5957 
Tel : 425 .774.0106 
Fax: 425 .774.27 1-l 

11·ww. lnn1gcosricnccs.com 
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Potlatch State Park Drainfield 

The State Parks drainfield is located west and uphill from Highway 101 and the Potlatch 
State Park Campground. The site is a cleared, grassy area surrounded by forested land, 
and slopes down to the east. The drainfield area is mapped near the contact between 
glacial till and outwash by Logan (2003) and Carson (1976) and as glacial till by 
Shaimon & Wilson (1978). The soils map indicates Hoodsport (till-derived) soils in this 
area (Ness and Fowler, 1960). 

HWA previously monitored the excavation of two test pits, designated TP-14 and TP-15, 
one at either end of the drainfield, at the edge of the cleared area. HWA completed five 
additional test pits (TP-18 to TP-22) at the site to confinn the nature of outwash soils and 
assess the lateral extent of the soils. Soils encountered in test pit TP-18 included 
approximately six feet of topsoil and silty sands and gravel (weathered outwash) over 
relatively clean gravels and sand (outwash) to depths of up to eight feet below grade. 
Soils at the remaining test pits included 0.5 to one feet of topsoil over relatively clean 
sandy gravels ( outwash) to depths of up to ten feet below grade. Ground water was not 
encountered in the test pits at this location, and is likely deep, based on the topography · 1 
(i.e., upland location, approximate elevation of 200 feet). Ground water gradient at the 
site is likely to the east, or downslope. We previously observed numerous grou1~d water .. / 
springs at the base of the hillside along the western side of Highway 101 in the general 
area south of the State Park (HWA, 2007). This seepage is likely occurring alb g the 
advance outwash exposure at the base of the hill. 

1 1 

INFILTRATION ESTIMATES - METHODS /\ i ( 1 
The Washington State Department of Ecology (Ecology) 2005 Stormwater 1\1/anagement 
1\1anualfor Western Washington recommends utilizing one oftlu·ee methods for I 
determining infiltration rates: ASTM grain size distribution, USDA textural analysis from 

soil samples, and in-situ field meas~rements/ j ) \ 
This guidance document is intended prl arily fol stormw_ater, apd therefore does not 

1 I · · b... \, 1 11 f I I l . '-1 . - . 1 f 1 d 1 app y at t 11S Slje, ut contams resu ts o recent rr searc 1 anll pnnc1p es o lY rogeo ogy 
which can b9 used t,o estim~te infiltra~ion rites fron f other sources (e.g., treated waste 
water effluent) . HWA\ utilii ed ASTM grain ~ite distribution and USDA textural analysis 
to estimate i1foltration ratesJfor this project. 1-fw A analyzed 11 soil samples collected 
from test pits at tile State Parks drainfield site for grain size distribution and textural 
classification in ar o::dan;e with these methodologies. 

The infiltration rates estiinated by the grain size methods assume a ve1tical gradient of I, 
with no ground water or perching layers beneath the facility, i.e., no ground water 

I 
mounding. HWA estimated flow rates for a given area assuming some degree of 
mounding, by adjustment of the ve1tical gradient to some value below 1, as described 
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below. We then independently estimated mounding potential by several other analytical 
methods, also described below. 

LABORATORY TESTING 

Laboratory tests were conducted on selected soil samples to characterize relevant 
properties of the on-site soils. Laboratory testing included determination of moisture 
content and grain size distribution. All testing was conducted in accordance with 
appropriate ASTM standards. The test results and a discussion of laboratory test 
methodology are presented in Appendix B. 

ASTM Grain Size Distribution 

The ASTM grain size distribution method compares infiltration measurements from full­
scale infiltration facilities to soil gradation data developed using the ASTM procedure 
(ASTM D422). Because this method compares data from existing full-scale infiltration 
facilities , the estimated infiltration rates are presented as estimated long-term infiltration 
rates. The estimated long-term infiltration rates assume an average degree of long-tenn 
facility maintenance, TSS (total suspended solids) control, and site variability in the / 
subsurface conditions. ,,.-/ 

/ ,./ 
The ASTM grain size distribution method compares infiltration measureme9ts 1rom full- f 

scale infiltration facilities to the DIO, or grain size at which 10% ofthe, sainpl~ is finer, 0£ 
.. I I,,; 

the soil, as measured using the ASTM procedure (ASTM D422). This method is no 
appropriate for soils with dlO less than 0.05 mm, which includes ~everal'S'amples from on 
site soils tested, therefore infiltration rates were not estimated usii\g this techhique fdr 
those samples. Table 1 shows the results of the grain size ~nalysds and Appdndix B 

presents the soil laboratory data. \ ·· 

USDA Soil Textural Classifica~on \ /\ 

Infiltration rates can be estimated from grain} size distriol.1tion dat~ using the USDA 
textural analysis approach. HV/ A ~1!llfzed '~oil sample~ cf llecfed from test pits for grain 
size distribution and textu1~l classificatio£ in acdordanc~ witn ASTM test procedures, 
corrected to approximate the USDA proced~res~ Td determine long-te1m infiltration 

I 
\ I I I\ \/) 

rates based on the USD
1 
A metHod, Ecology recommends that the short-term infiltration 

b d I d b I . I f; I ~ d _.vr h ·1 1 1 'fi . rates e re uce ,y a correction actor u~se on t e soi textura c ass1 icat10n, average 
degree of long-terb fatilit~ mJinteAance;' TSS reduction tlu·ough pretreatment, and site 
subsurface variabi

1

lity/ Table V _sho~s the results of the grain size analyses and Appendix 
J . I ~· 

B presents the soil raboratory data. l,,,// 
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Table 1 
Long-Term Infiltration Rates* 

Based On USDA and ASTM Soil Textural Classification 

Ecology Long 
Term rates 

Test USDA ASTM USDA 
Pit Depth ASTM description Classification (in/hr) (in/hr) 

Drainfield 
TP-14 2.5 Poorly Qraded SAND with Qravel SAND 6.5 2 
TP-14 8.5 Well Qraded GRAVEL with sand SAND 4.2 2 
TP-15 3.5 Poorly graded SAND with gravel SAND 1.8 2 
TP-15 5.3 Well qraded GRAVEL with sand SAND 5.5 2 

TP-15 6.5 Poorly Qraded GRAVEL w/ sand SAND 5 2 
TP-18 7.0 Poorly graded GRAVEL with sand SAND 9 2 

TP-1 9 4.0 Poorly graded GRAVEL with sand Loamy SAND 9 0.5 

TP-19 7.0 Poorly graded GRAVEL with sand SAND 3.5 2 

TP-20 5.0 Well graded GRAVEL with sand Sandy LOAM 9 0.5 

TP-21 8.0 Well graded GRAVEL with sand Loamy SAND 9 2 

TP-22 5.0 Well graded GRAVEL with sand SAND 9 2 
,.r ~// I 

./ .. "" ,,,. 

* based on Stormwater Management Manual for Western Washmgton, Ecology, 2005. 

INFILTRATION ESTIMATES-RESULTS ,,../ _,,,,/_,. 

/1 r ,, 
Ve1tical infiltration is limited by the least permeable layer in the soil p~:9file. H~b- did 
not analyze the fine grained soils (e.g., silts and silty sands) encountered in ou~· "' 
explorations. The infiltration rates provided herein should therefdre be us~d in 
conjuncti.on wit~ the test. p.it. logs (Appendix A) and t~~)nounding anali~~es (~elow) to 
evaluate mfiltrat10n feas1b1hty. / / ,,..) 

Based on HWA's grain size testing, long tenn infil/i·atibn ra es for soils .. ~ncountered at-· 
the site are approximately 0.5 to ~ in/Iii usin~ the r!Js~'A method, land ~p to 9 in/hr using 

theASTM method. 

1
- ,., ) J L \ \ J 

Soils at the State Parks drainfield IJcatil n were generally granular ~fad consistent in 
. . d . / ti\ ·il1 fi ! .; fil / . I d ....... 11 . / B . fil . . compos1t10n, an 'appear eas1u e or m I trat10n pon s or uasms. ecause m I trat1on I S 

limited by the least pennea~le 1layer in the s'6il ~rofife, 0.5 in/hr should be used to 
· 11 

·: \ • 1 Jd · rfi ~I · \ ' ti1 h. 1· · I · conservative y estimate s1tejw1 e 111 1ltrat10n rates or t IS pre nnmary eva uat10n. 
Design infilt~atio1i ratek should be ~dju~ted ba~e'd on further ground water mounding 
studies, as recommended below. . I I I I I I \/"' 

GROUND t ATkjiUNliNG 
Ground water mo;inding is a local raising of the ground water table due to infiltrating 
water from t~e· surface. If a ground water mound reaches the infiltration facility, 
infiltration rates are greatly reduced, and facility failure may occur, depending on flow 
rates and storage volume. 
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To evaluate impacts to ground water flow due to the proposed infiltration facility, HWA 
used several methods, as described below. 

Ecology/ Massmann method 

Based on preliminary infiltration estimates of 0.5 in/hr at the Parks Drainfield site, HWA 
estimated the area required for infiltration of an assumed 45,000 gallons per day (gpd). 
We used a variation of Darcy's law, which states Q = f i A, where: 

Q = discharge 
f = infiltration rate 
i = vertical gradient 
A= area 

45,000 gpd 
0.5 in/hr 
see below 
see below 

Ve1tical gradients where depth to ground water is shallow can be estimated using a 
regression method (based on multiple sites with measured infiltration rates) outlined by 
Massmann (Ecology, 2005), where the vertical gradient for a pond is described by the 
following relationship: i = (Dwt+Dp)/138.62*K0

·
1
) x CF, where: 

Dwt = depth to water 50 feet (conservatively assuming perching 
layers or mounding) I 
assumed 6 feet I I 
100 feet/day (based on unsaturated soils, 

I 
estimated from grain size testing results 

Dp = pond depth 
K = hydraulic conductivity 

CF = a cmTection factor for pond size, CF= 0.7}(At·76 where A = area 
i = ve1tical gradient 0.18 

This equation generally will result in a calculated gradient ~f less than 1.0 for moderate to 
shallow ground water depths (or to a low permeabJity laye1}felow the faci lity, and 
conservatively accounts for the development \of a ~roui1d water moundl 

Solving for area yielded approximately l ac1e re uire~ !or infi~ration bf 58,000 gpd, 
which is above the desig~'ave1)age dail~ dilcharde rate .. of -~5,000 gpd. Construction of 

;0~:~.ple pon~S:7>1~ned~ wi'.I alllw\ r te\j':'f drainage and maintenance of each 

These estimates should be considered preliminary, as ground water depths or potential 
perching layers h+ e nbt been determined. Recommendations for additional studies 
required to suppmt final design are described below. 

/' 
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Hantush Method 

HWA performed preliminary analytical flow modeling based on Hantush ( 1967) to 
simulate the maximum height of the water table beneath a rectangular recharge area. The 
following is a list of assumptions and model input variables used in the flow model: 

• Hydraulic conductivity = 100 ft/day 
• Specific yield = 0.2, typical for unconfined sand aquifers 
• Initial saturated thickness = 20 ft, conservatively assumed in the absence of 

deeper subsurface infonnation 
• Area = 200 x 200 ft (approximately 1 acre) 
• Recharge rate = 0.13 ft/day (1.56 in/day)= 45,000 gpd 
• Time 3,650 days (10 years) 

For the assumed variables at the site, the aquifer mounding predicted with 45,000 gpd 
discharge was approximately 1. 7 feet above pre-infiltration conditions. 

This minimal predicted mounding is due to the unifo1111, high assumed hydraulic 
conductivity. In actuality, the potential presence oflayering and intervening fine grained 
deposits beneath the infiltration ponds may result in a greater degree of ground water ,.,.,,,,.,,-­
mounding, which can not be modeled using this one-layer analytical model. 

,,,/ .... 

SLOP~ ~T ABILITY /~·< l r/ . 
A prelnm?ary no~theast-sout~west slope profile con~tructed throug.~\.the dra1 ?.fi~ld·· I 
commencmg uphill of the dramfield area and extendmg towards tl1e flat ground m the 
campground area shows that the slope is approximately 25 to 30 J ercent. According ~o 
the geologic maps described earlier and HWA test pit exploration~, th~ site' iJ under11in 
by glacial advance outwash deposits . These depositf were ~lacially over-!·idden, ancl are 
dense to very dense. Typically, this soil is stable arld has hi~h shJar strell"gth (interntll 
friction angle of up to 45 degrees) . Accordibg to Mas91 County :rkesoJrce Ordinanc~-­
(Ordinance No. 77 - 93), Chapt~r 17.01.100 l Lanfislide\Haz~rd Area J Section E, 
Geotechnical Report, Categor{ D, "A1;ehs wi)h stdpes/.beA·veeny 5iand JO percent 1'VW 

require a geological assessme1

1

1t, mJd 111~1y fi/,·thel require a geotechni~al report ... ". 
Tl c HWA .. .- \ d dd. I ... / 1 1 ·1 11 • //'\ h ) ... fl d 'nfi ld 1ere1ore, . teconunen s a 1tiona sot exp or~t10n ip t e v1c1111ty o t 1e rm ie 
prior to addition of any ne1 flows to the d1~\nfi fuld drea to ~haracterize the soil unit 
underlying tl~e adyanc~ outy aJh depo\ its an&~valu~te the stability of the slope, which 
extends fron~ the existA1g drai1Weldl ar~ to the -{ampground area. 

I I l I I I \/ 
WATER REUSE REGULATIONS 

I [// ! L// 
Ecology water reuse standards (1997) stipulate that a 500-foot setback is required 
between an i~1filtra!iolfacility and ground water or surface water drinking water source. 
A water well ljs l6~ated west of the existing Parks drainfield (Figure 2). This well is 
owned by the Skokomish Indian Tribe and is reported to be 260 feet deep. The well log 
is included in Appendix A. The drillers well log reported gravelly topsoil over gravel to 
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a depth of 67 feet. Silt was reported from 67 to 92 feet, and gravel, sand and silt 
(possibly glacial till) was repo1ted from 92 to 196 feet. Sand and gravel was recorded 
from 196 to 260 feet (pre-Vashon outwash deposits). Ground water was reported to be at 
196 feet below ground surface (bgs) at time of drilling. 

Additional recorded wells in the vicinity include those owned by Potlatch State Park and 
the Minerva Beach RV Park. Drillers logs for these wells are also included in Appendix 
A. Figure 2 shows approximate 500 foot distances from the wells. Accurate surveying 
would be needed to properly site the facility . 

CONCLUSIONS 

HWA conducted subsurface investigations at the Washington State Parks drainfield area 
to assess the suitability of this area for potential wastewater infiltration facility siting and 
design. The investigations consisted of completing test pits at the property. HWA 
completed laboratory grain-size analysis of selected soil samples and used the results to 
estimate infiltration rates and potential ground water mounding at the site. 

The Parks drainfield area soils consisted of typically poorly-graded sand and gravels in 
the site. These soils did not appear to have significant low-permeability layers to the ,,. -· 

/ 

investigation depth of approximately 10 feet bgs. // 

Tl . fil . b d 'l . . . d . d 0-"5/1 rh /1 1e m 1 tratlon rate ase on soi gram size testmg ata was estimate at . m~ ~s 10ur // ~/ I 
at the Parks prope1ty. This value does not account for mounding due to perchmg layers 
or shallow ground water beneath the facility. Flow estimates assJming sbi'n e, degree lof 
mounding indicate approximately 1 acre would be ne>essary to inBltrat~_..tne proposel:l 
58,000 gpd. The preliminary predicted site infiltration rat~\accouhting for p,dtential 
mounding is approximately 0.09 in/hr, or 2.2 in/dal Preliminad grotmd<~ater 

l . f \ _,,./ 
mounding estimates for the Parks site slid not indicate signifi'cant unpact from the " 

proposed infiltration volumes. _, ,. : ) I \ \ 
These estimates should be con~ideryd ~eliyinary, fo , .. planning purpo es. Additional 
studies recommended for esi~ are descrioed b~low. ....- \ J v 

RECOMME~ATI\NS I\ \J j/ / 
If this site is selecled, HW fa!.. recommentls an additional hydro geologic investigation. Soil 
borings and mon..i~orin~ wel

1
ls Jhoultt be iri~talled and tested to establish ground water 

levels, quality, aq~i,.. par,mete~·s,- ~nd to aid in slope stability evaluations. Seasonal 
ground wate1j chaitges sl}duld JYe evaluated. Monitoring during one wet season at a 
minimum is recommen'ded. Additional ground water mounding analysis and modeling to 
predict flow l·at~s afid impacts to nearby surface water features should be performed 
based on thisld~ta. 

2006-172 600 potlatch rpt.doc 7 HWA GEOSCIENCES INC. 



July 30, 2007 
HWA Project No. 2006-172-600 

Pilot infiltration testing would be needed to size the facil ity for design flows. The pilot 
test typically entails a 17-24 hour period of infiltration at rates scaled to design flows, 
into an approximately 100 square-foot pit or 8 foot diameter steel ring excavated to the 
receptor soils. Discharge and water levels are monitored and long term infiltration rates 
can be approximated. Construction of multiple infiltration ponds in phases and 
monitoring peak use and ground water mounding is also an option for facility 
development. 

REFERENCES 

Carson, R. J., 1976. Geologic ~Map of North Central Mason County, Washington, 1 
sheet, scale 1 :62,500, Washington Division of Geology and Eaith Resources, 
Open File Repo1t 76-2. 

Ecology, Washington State Department of I Washington State Depaitment of Health, 
September 1997, Water Reclamatfon and Reuse Standards, Publication #97-23 

Ecology, Washington State Department of, 2005, Stormwater A!fanagement Manual for 
Western Washington, Publications Numbers 05-10-029 through 05-10-033, Water 
Quality Program, Washington State Department of Ecology 

HWA January 30, 2007. Jn.filh·ation Evaluation, Water Quality Project Plannil~g, 
Potlatch "Bubble" and Core Reservation Planning Areas, Mason Cour }y, 
Washington. · 

Logan, R. L., 2003. Geologic Map of the Shelton 1:100,00p Quadrangle, Washington. 45 
x 36 in. color sheet, scale 1: 100,000, Washington Division of Geology and Ekrth 
Resources, Open File Report 2003-15 http:/lwww.dhr.wa.gov/geologv/pdf/ofr03-

l 5.pdf I \ \ I 
\ I \ 

Ness, A.O., and Fowler, R.H., 1960. Soil Survey Of Afason County, Washington, Soil 
Conservation Service, United States Depa.f.tment of Agi·iculture, Washington 
Agricultural __ Expe1{1ne?t Stati_?n~ . J / _.., \ 
http://wvvvv.or.mcs.usda.gov/pnw soil/wa reports.html 

Shaimon & ~ilson, Irie. 19~8. Generalize>ala1oJ c Map~ Skokomish Indian 
Reservatio1n, Mason) County,I Washingfbn, Report #W-3302-01. 

LIMITATIONS ) I I I \ 

The conclusions expressed by HWA are based solely on material referenced in this 
report. Observations ~ere made under the conditions stated. Within the limitations of 

/ 

scope, schedule and budget, HWA attempted to execute these services in accordance with 
generally accepted professional principles and practices in the area at the time the report 
was prepared. No warranty, express or implied, is made. Experience has shown that 

2006-172 600 potlatch rpt.doc 8 HWA GEOSCIENCES INC. 

/ 
/ 



July 30, 2007 
HWA Project No. 2006-172-600 

subsurface soil and groundwater conditions can vary significantly over small distances. 
It is always possible that contamination may exist in areas that were not sampled. 
HW A's findings and conclusions must not be considered as scientific or engineering 
certainties, but rather as our professional opinion concerning the significance of the 
limited data gathered and interpreted during the course of the assessment. 

We recommend that HWA be retained to review the plans and specifications to verify 
that our re~ommendations have been interpreted and implemented as intended. Sufficient 
field monitoring, testing and consultation should be provided during construction to 
confirm that the conditions encountered are consistent with those indicated by 
explorations, and to provide recommendations should conditions revealed during 
construction differ from those anticipated. HWA does not practice or consult in the field 
of safety engineering. We do not direct the contractor's operations, and cannot be 
responsible for the safety of personnel other than our own on the site. 

This study and report have been prepared on behalf of Gray & Osborne and Mason 
County, for the specific application to the subject propeity. This report should be 
provided in its entirety to prospective contractors for bidding and estimating pmposes; 

/ 

however, the conclusions and inte1pretations presented in this rep01t should not be / .. 
construed as a watTanty of the subsurface conditions. We are not responsible for the 
impacts of any changes in enviromnental standards, practices, or regulations subsequent _,..,,,... 
to performance of services. We do not warrant the accuracy of information supblied by 
others, nor the use of segregated portions of this rep01t. I 

----o·o----~(-r~ 
.... , I 

We appreciate the opportunity to provide our services. Please feel free to call us if you 

have any questions or need more information. D j l 
Sincerely, 

HWA GEOSCIENCES INC. 

Vance Atkins, LG, LHG 

Senior Hydrogeologist 

2006-172 600 potlatch rpt.doc 9 

Arnon Sugar 

Amie Sugar, LG, LHG 

Vice President 
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July 27, 2007 

HWA Project No. 2006-172-700 

Gray and Osborne 

701 Dexter A venue N01th, Suite 200 

Seattle, Washington 981091 

Attention: 

Subject: 

Mr. Harry Sellers, P .E. 

INFILTRATION EVALUATION 

WATER QUALITY PROJECT PLANNING 

CORE RESERVATION PLANNING AREA 

MASON COUNTY, WASHINGTON 

Dear Mr. Sellers: ,,./] 
HWA GeoSciences Inc. (HWA) is pleased to submit this effluent disposal/infiltration · 
feasibility review at the Core Reservation planning area in Mason County, Washington. ./ 

INTRODUCTION 11 / 1 
HWA's soils and hydrogeologic evaluation dated January 30, 2007 provides a general 

I 
evaluation of soil septic treatment capability and infiltration potential based on geologic, 
soils, and physiographic criteria in the pla1ming area, ba~ed on review of ekisting I 
geologic and hydrogeologic data (HWA, 2007a). HWA's infiltration evaluation dated 

I 
March 8, 2007 suimnarizes site specific explorationsf onducted at selected sites within 
the Potlatch and Reservation planning areas, for evaluation of infil trktion potential 
(HWA, 2007b). Areas investigated incl ud~d three site in tBe Potlatd~1 planning area, and 
four site sin the Core reservation areal incl~din~ thb Richartl\Smith Property and the 

WSDOT site. \ I I / / _.....\ ) 
The fo lio ing report presents the.results\ f additibnal investigations at two sites in the 
Core Reservation a~a, thb Richa[·d 'smith prbperty and an area near Dry Bed Creek. 

I I ) \ " . 
Goals and Objectiys \ 

The goals L d objeftive~ of this study were to evaluate the infiltration potential and site 
suitability of the sel;ded sites, by detennining soil types, shallow ground water depths, 
and identifying potentially suitable infiltration receptor soils. Figure 1 shows the location 
of the area~ investigated at the North Reservation Area; Figures 2 shows the sampling 
locations (TP-4, TP-25 through TP-30 and BH-3). 

19730 - 64'h Avenue W. 
Su ite 200 

Lynnwood, \VA 98036-5957 
Tel: 425.77-l.0106 
Fax: 425.774.27 1-1 

www.l1wagcoscicnccs.rnm 
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SITE EXPLORATIONS 

HWA monitored the excavation of six test pits on June 13, 2007 and one soil boring on 
July 11, 2007. Excavation services were provided by Lot Hauling of Shelton, 
Washington, and soil boring services were provided by Boart Longyear of Puyallup, 
Washington. Figure 2 shows the test pit and boring locations. Test pit and boring logs 
are included in Appendix A. The investigation areas are discussed below. 

Richard Smith Property 

HWA monitored the excavation of four test pits at the Richard Smith property designated 
TP-25 though TP-28. HWA previously completed test pit TP-4 at this location (HWA, 
2007). Figure 2 shows the test pit locations. 

This area is mapped as recessional outwash (Logan, 2003, Shannon & Wilson, 1978). 
Soils are mapped as Grove soils (outwash-derived) (Ness and Fowler, 1960). Test pits 
TP-4 and TP-25 though TP-28 encountered 0.5 to one foot of gravelly topsoil and fill 
over sands and gravels with silty layers (outwash). Boring BH-3 encountered gravel to a , 
depth of approximately seven feet below ground surface (bgs), with silty sand with grav~/./j 
and sand with gravel underlying to a depth of 30 feet bgs ( outwash). / ... / 

/ / 

Ground water was not encountered in any of the test pits. Ground water w,as·ed~·~untered 
at boring BH-3 at a depth of 19 feet bgs. Shallow ground water in tqis·ai:~a d1;~/nsf~ 
Hood Canal, to the east. f .. / ,... "' 

The Richard Smith Property contained abundant debris·ary1e surtace, ke1t1ct\ng 
demolition debris, automobiles, and other refuse. Pf!';tions ~f the ~ite appesir~d to haye 
been graded or filled, as evidenced by test pit TP-4. It is po sible 1that put;,,ash soils exist 
at shallower depths in other parts of_t!Jis·sff2'fnaff~hted\by local radi11g and filling. I.• . 
Infiltration ponds or basins maY,.be'feasible at this/~ite/ provided t e e tent of fill and 
potential soil ~r ground w~ter fontaFin:,tioJn1from hisbric site

1
fs. are,.1 ddressed (i.e., 

Phase I-II env1ronmental\s1te assesspi'.31t). I . \ · 
,..· L• / . \ ,/ 

Dry Bed Crlek Ar.ea 
1 

\ r . 
An inteimitt nt dr~ina)e lo1at d nolt~est ofthe proposed treatment plant site is known 
locally as Dr~. Be1 Crefk. J'h 

1 
draipage\is mapped as Alpine Outwash, with Advance 

Outwash ma ped lfurt!ier uf,stream.JLogan, 2003). Another reference shows this area as 
Recessional · utw'a~( Glacial brm, and Advance Outwash mapped further upstream 
(Carson, 1976). 

1
" J 

I ./ 
HWA visite9 t.h,e.-Dry Bed Creek area on December 6, 2006, and observed bank 
exposures in the steeply incised, dry channel consisting of stratified clean sands and 
gravels, with some thin layers of silty sand, consistent with the mapped designation of 
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glacial outwash. Local residents report the channel rarely contains any water; even after 
heavy precipitation events, it flows for a few days, then dries out. HWA observed glacial 
till in an excavation just north and outside the edge of the channel, more consistent with 
Carson (1976) than the Logan (2003) map, and suggesting the outwash may only crop out 
at and near the channel in this area. 

HWA monitored the excavation of two test pits near the mouth of the creek on June 13, 
2007. Test pit TP-29, located at the east end of Valley Road, adjacent to Dry Bed Creek 
also encountered approximately one foot of gravelly topsoil over gravels with silty layers. 
Test pit TP-30, completed adjacent to Dry Bed Creek near the base of a bluff encountered 
gravelly sand with silt to a depth of seven feet bgs (possible mass wasting deposits from 
the bluff) overlying oxidized silty sands. Ground water was not encountered in any of the 
test pits. 

INFILTRATION ESTIMATES - METHODS 

The Washington State Depmiment of Ecology (Ecology) 2005 Stormwater Management 
Manual for Western Washington recommends utilizing one oftlu·ee methods for 
de~ermining infilt~ati~n rates: ASTM grain size distribution, USDA textural analysis fror;i_.//··1' 
s01l samples, and 111-s1tu field measurements. ,,.. .. / 

// " 

This guida?ce. docwnent is. intended primarily for storm water, .an? therefor~.d~4~' not [/ 
apply at this site, but contams results of recent research and prmc1p!ti.§.ofhydrp~ology 
which can be used to estimate infiltration rates from other sources(e.g., t~yated wast¢ I 
water. efflu~nt). H:V A utilized A~TM ~rain size distribu~ion and psDf"te~Jural analysis i 
to estimate 111filtrat10n rates for this project. HWA an.alyz~d ten s01l samples[collect~d i 
from test pits and.the s?il ~oring at the No·1·:1·h ReserV~tion cl{eas·~1r grai1~s,ize distribNti.·onl 
and textural class1ficat10n 111 accordan~.e.,w,1t~ theseterodo~og1e 

1
. I' I//, 

The infiltration rates estimated b,yA!ie grain sjze 111< thq~ ass~re fl vertical gradient of 1, 
with no ground water or perchlllg laiers

1 
ben~ath the ~~<;ility, i.e., ho grpund water 

mounding. HWA est}111[tted flbw r,tes for a/givep area assumi~g ~me degree of 

mounding, by ~?j.usfinent~f t1ie ve~iichl l[ldienfto s~J.lle\~~tj.e-below 1, as describea. 
below. We tten ma.eeendeJtly estmmted mo. un/lmg/potennal by several other analytical 

methods, als . desr1Jbed bello4. r \ v/) 
Laboratory 

1 

csting I .. /// . . 

Laboratory tests ~e1 c~n· uct~sJ.oi1 selected s01l samples to characterize relevant 
properties of[the on:site oils. Laboratory testing included determination of moisture 
content and 9rain si.~yc istribution. All testing was conducted in accordance with 
appropriate A~TM. standards. The test results and a discussion of laboratory test 
methodologi'are presented in Appendix B. 
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ASTM Grain Size Distribution 

The ASTM grain size distribution method compares infiltration measurements from full­
scale infiltration facilities to soil gradation data developed using the ASTM procedure 
(ASTM D422). Because this method compares data from existing full-scale infiltration 
facilities, the estimated infiltration rates are presented as estimated long-term infiltration 
rates. The estimated long-term infiltration rates assume an average degree oflong-term 
facility maintenance, TSS (total suspended solids) control, and site variability in the 
subsurface conditions. 

The ASTM grain size distribution method compares infiltration measurements from full­
scale infiltration facilities to the DlO, or grain size at which 10% of the sample is finer, of 
the soil, as measured using the ASTM procedure (ASTM D422). This method is not 
appropriate for soils with dl 0 less than 0.05 mm, which includes several samples from on 
site soils tested, therefore infiltration rates were not estimated using this technique for 
those samples. Table 1 shows the results of the grain size analyses and Appendix B 
presents the soil laboratory data. 

USDA Soil Textural Classification ,,·1 
. I 

Infiltration rates can be estimated from grain size distribution data using the USJIA .. / .. /···· // j 

textural analysis approach. HWA analyzed soil samples collected from tes! pit~ for grain · 
size distribution and textural classification in accordance with ASTt>'.1.testpro4ef!ure'il, 
corrected to approximate the USDA procedures. To determine long-term jnfiftratio~I 
rates based on the USDA method, Ecology recommends that the J110rt-term infiltrati n 
rates be reduced by a correction factor based on the sgihektural c)assi{icati~Ji, avera re j' 
degree of long-term facility maintenance, TSS redudtion th\ough pretreatnwrlt, and s te 
subsurface variability. Table 1 shows the results of/thAraih size analys{s and Appebix 

D pcc,ml< th""o\11,homtocy ''"· ) I /) \ 
\ / I \ / \ \\J./I .. · 

// 
,/'/ 

2006-172 700 final Core rpt.doc 4 HWA GEO SCIENCES INC. 



July 27, 2007 
HWA Project No. 2006-172-700 

Table 1 
Long-Term Infiltration Rates* 

Based On USDA and ASTM Soil Textural Classification 

' 

' 

Ecology Long 
Term Rates 

' 

Test 
Pit/. · 

Depth, 
ASTM description USDA ASTM USDA 

Borina 
ft bgs Classification (in/hr) (in/hr) 

' 
' ' 

North Reservation 
TP-4 8 Poorly graded SAND with aravel Sand 9 2 

TP-25 6.0 Silty GRAVEL with sand Sandy LOAM 0.8 0.25 
TP-26 5.0 Poorly graded SAND with silt and gravel Loamy SAND 2.0 0.5 

TP-27 5.0 Well graded GRAVEL with sand SAND 6.5 2 

TP-27 7.0 Well graded GRAVEL with silt and sand Loamy SAND 2.0 0.5 
TP-28 5.0 Silty GRAVEL with sand Sandy LOAM 0.8 0.25 

TP-29 7.0 Poorly graded GRAVEL with sand SAND 6.5 2 

15 Well graded SAND with silt and gravel Loamy SAND 0.8 0.5 
BH-3 20** Well graded SAND with silt and gravel Loamy SAND 0.8 0.5 

25** Poorly graded SAND with silt and gravel Loamy SAND 3.5 0.5 
* based on Stormwater Management Manual for Western Washington, Ecology, 2005. 
** Saturated soils (aquifer) 

INFILTRATION ESTIMATES-RESULTS //1 ( ' I/ 
Vertical infiltration is limited by the least permeable layer in the soil profile .. fr~A ~id I 
not analyze the fine grained soils (e.g., silty sands) encountered in our explofations. ~he I 
infiltration ra~es provided herein s~ould therefore be use.~t.n conjy~ctiqn '¥,jti). the t.esf ?it 
logs (Appendix A) and the moundmg analyses (belo\;Y)to evaluate mfiltratlo+ feas1b1hty. 

B d HWA' . . . 1 . fil I . \ fi I <1/ I d' ase ~n s gr~m size testmg, on~ term 1~ 1 trat1?n ra\es ·or mo~tso1 s encoun1t~1:~ ' 
at the ~1te are ~pproxnnately 0.25 .. tog,srri!fu; usmJthejUSDt method I and between 0.8 

and 9 m/hr usmg the ASTM m~~hod:, I j J \ \ l 
Soils at the Richa'.·d ~111~th sitel(Te.st p~ TP)4, T

1 
-25

1
t1:rough ~Pf3,8) ';ere generally 

gra~ular and co~.~1stent 1~1'~0.mpos~t1on, a2:_d appzar f:~s1bl'r !~J·1nfi~trat10n ponds or 
~asms. Beca

1
use mfiltrat101'\ 1s ~n~uted by ~fie\ l~~t per'.11e~l:He lay:r m the s01l pr~file, 0.25 

m/lu· should fe used to con~1eryatJv115\estnnate s1t~7(,,,1de mfiltrat10n rates for this 
preliminary evaluftion\ De~igh infiltration r~t sshould be further adjusted based on 
ground wate1j mounding evalutti0111, as tlescribed below. 

Soils at the Dry Bld,.,i'.·eejtestpidocation TP-29 were also generally granular, but the 
feasibility oflthis kie is Jfinited due to the lateral limitations of the bluff m1d finer-grained 
deposits to the north.(/TP-30), the narrow valley profile, and the presence of a drinking 
water well adja,cefifsouth of the test pit locations (see 'Water Reuse Regulations,' 

\/ 

below). 
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GROUND WATER MOUNDING 

Ground water mounding is a local raising of the ground water table due to infiltrating 
water from the surface. If a ground water mound reaches the infiltration facility, 
infiltration rates are greatly reduced, and facility failure may occur, depending on flow 
rates and storage volume. 

Evaluation of ground water mounding is best accomplished by understanding ground 
water levels, gradient, and aquifer characteristics. Mounding potential can be predicted 
by 1) measuring shallow ground water levels during pilot infiltration testing; or 2) 
performing predictive ground water flow modeling. 

Ecology completed a rapid infiltration study and ground water mounding analysis at the 
WSDOT Skokomish site, located southwest of the Richard Smith site west of Highway 
101(Ecology,2000a, b). Ecology installed four ground water monitoring wells at the 
site, and also completed five test pits and five short-term falling head percolation tests to 
evaluate site suitability for infiltration. 

Ecology encountered ground water at the site at depths of 15 to 28 feet bgs, and reported /' 
seasonal fluctuations of 1.5 to 3.6 feet. Ecology estimated permeabilities at the site of,./' 

350-400 feet/day (likely outwash sands and gravels), although lower permeabilitjes(60 
feet/day) were ~stimated f~r soils obs~rved in .the western-m?st monit?ri~9.w11J, w~:ch !"'_,.,/ 
was completed m finer gramed deposits (possible mass-wastmg depo,_§Jts). Peyc~,lat11n 
rates in the coarse soils were reported at over 60 in/hr for coarse spils an?/Od25 
inches/hour in fine-grained soils at the site (Ecology, 2000a). Sh9rt-term f~!ling hea 
percolation tests, according to subsequent Ecology g11,ida:ii\e (200f) "ai:e·fiotl 
recommended ... These small-scale infiltration testsjtend t<\serio~sly over;stimate 

infiltrati~n rates and,. base~ on rec. ent TA_<:7pechnical advis~ry commiltee] experien _:>' 
are conszdered unreliable. . ,../-~,/ \ . I . /\ \ l 

1 

. . · 

Ecology performed moundmg :anal~s_ls-~or th~ sit~ uti/~:<;~g an\ass me1 daily discharge 
rate of. 500,000 to 1~9,_Q.9,~ ~~~, over a;Yas i_ngil}g .from 100 to~{g,o,,~quare feet. Several 
scenanos were }:11>ode~ed, u\ihzrg dlfferel}! mfily·ati~_11c~rei\cl~_geometnes, and c~lculated 
ground wateij"rhoundmg at the -site ranged from appiioxnnately seven to ten feet m coarse­

graine~ soils and a:pprfximkte~y ~9tTe~t in fi\(/~i:11,!ned soils ~Ecology, 2000b). This 
model mg wab focised 

1

on p~edictm mound f9imatlon and height, and assumed all of the 

infiltrate.d w,ter r~ac~7s gr?u.n~ wa ~r. 'Ecology _recom~en.ded ad~itional geological 
explorat10n and pll0Jfiltrat10t~-e,9tmg to establish design mfiltratlon rates. 

To evaluate Jrouncf watelmounding potential at the Richard Smith site, HWA used 

several methr~::-~,,dis'cribed below. 
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Ecology/ Massmann Method 

Based on preliminary infiltration estimates of0.25 in/hr at the Richard Smith site, HWA 
estimated the area required for infiltration of an assumed 50,000 gallons per day (gpd). 
We used a variation of Darcy's law, which states Q = fi A, where: 

Q = discharge 
f = infiltration rate 
i = vertical gradient 
A= area 

50,000 gpd 
0.25 in/hr 
see below 
see below 

Veiiical gradients where depth to ground water is shallow can be estimated using a 
regression method (based on multiple sites with measured infiltration rates) outlined by 
Massmann (Ecology, 2005), where the vertical gradient for a pond is described by the 
following relationship: i = (Dwt+Dp)/138.62*K0

·
1
) x CF, where: 

Dwt = depth to water 
Dp = pond depth 
K =hydraulic conductivity 

19 feet (based on BH-3) 
assumed 6 feet 
50 feet/day (based on unsaturated soils, / 
estimated from grain size testing results r/ 

~F =a ~orrecti~n factor for pond size, CF= 0.73(Ay0
·
76 where A ~.~reJ ./ 

1 = ve1i1cal gradient 0.09 /,.,. 
,,-•/_,,,c ,-' 

This equation generally will result in a calculated ~i:adie1,1.\ of less ~han 1r:6:!~:\' moder te tJ 
shallow g~·ound water depths (or to a low permeabilttyJay~r) belor' th4..faciltty, and 
conservatively accounts for the development of a grpund w~ter mpund. ,/~) 

L \ I / 
Solving for area y.iel~ed approxin:iat~ly3:5 !\cres r7quiRd fo\infi\trati{n. of 50,000 g ct:, 
Based on our preltmmary evalu~!,totis, the proposed p9n~ are'.\ of approxnnately one acre 
may need to be supplemented fo ord~r· t~ propide ~ufqs.ien. t sto\age an1 infiltration 
ca~acity for planned cl,':151~ a.nd lpeakr flc;J7s, ahd. al/ow for te.n:ipo\a~y,d1'.ainage ~nd 
mamtenance o~.Jl:oncf fac1li\1e~j Reoonnn()ifdattls for,.add(ti,o,nal studies required to 
suppoti final idesig~~re descnled below. \ r ' 
Hantush MJtho,, ~ I r \./ \/ ) 

~WA perfor~ed .frelip1in.aj·y ~nal)'Jical flow modeling based on Han tush ( 1967) to 
smmlate the max1E~n height e.t:tlfo water table beneath a rectangular recharge area. The 
following is Ji list c)f assufuptions and model input variables used in the flow model: 

I / 
• Hydr~y!ic'~~nductivity = 50 ft/day 
• Specific yield= 0.25, typical for unconfined sand aquifers 
• Initial saturated thickness = 20 ft (Ecology, 2000) 
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• Area = 200 x 200 ft (approximately 1 acre) 
• Recharge rate= 0.15 ft/day (1.8 in/day)= 50,000 gpd 
• Time 3,650 days (10 years) 

For the assumed variables at the site, the aquifer mounding predicted with 50,000 gpd 
discharge was approximately 3.5 feet above pre-infiltration conditions and mounding 
with 95,500 gpd discharge (predicted maximum rates) was approximately 6 feet above 
pre-infiltration conditions. 

This predicted mounding is due to the relatively high assumed hydraulic conductivity and 
shallow ground water table. In actuality, the potential presence of layering and 
intervening fine grained deposits beneath the infiltration ponds as observed in boring BH-
3 will likely result in a greater degree of ground water mounding, which can not be 
modeled using this one-layer analytical model. The presence of a shallow ground water 
table beneath the site also increases the risk of mounding impacts to the facility. 

Analytical Modeling I Mounding Analysis 

To evaluate impacts to ground water flow due to the proposed drainfield, HWA 
performed preliminary analytical ground water flow modeling. An analytical mod.d·/· 
called WinFlow was used to simulate 2-dimensional (horizontal) flow in the y:iolnity of 
the airpott (Environmental Simulations Inc., 2003). The software simulates'tlJ- ./ 
dimensional steady-state and transient ground water flow using establf~hed §Jn~1iytf~a 
functions, and simulates the effects of wells, uniform recharge, citcular.···/· 

recharge/discharge areas, and line sources or sinks. Th9. model ddpict{t.IJe fl?w fie!~ 
using streamlines, particle-traces, and contours ofhiy,di:auli\ head twater lev~Js). Model 
documentation, governing equations, and.t~eference are availabl~upon request. 

Till> followiog '"' ""' ofa"""m~!"''.;;,;d 1dol h ,,,vi\\",~'"" 1~d I llic llow model 

A .,, 13" (I. 'd 1. ! I ~·1· 32 ,,\ 'd l d • . qm1er top= ..... 1eet ~tte gra 1e;1s .approlnna.fe y 1ettt, l.;ptu to groun water 
m BH-3 ~iJsl9 feet) I \,./ j /'\ ) . 

• Aquiferoottom = -f\7 ~eet (assumiil:g a 3/ foyi(thicfuaquifer (Ecology, 2000) 
• Porodity = OJQ (typic11 for.sapds and gravtjls) 

• Hydritulic [onducti.Jaty[' K. 4 50':{t/day \~stii1mted from grain size testing, and 
consihent 1with!Eco7bg , 20~0a)\.// 

• Storage= 0.25jctypical for an unconfined aquifer) 
• Referbnce~ptl =;ioo Jarbltrary, to calibrate model to existing conditions) 
• Grad~ent ='0.00~{ at 0 degrees (east) 
• Consiant head1i't Hood Canal and adjoining wetlands= 0 feet 
• Propqs.ed.ai:;;infield = 1 acre (circular, radius of 118 feet) 
• Pond infiltration= 50,000 gpd = 0.000106 ft/min/acre 
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The model was initially run in steady state condition to calibrate to observed conditions. 
Figure 3 shows the model output under pre-infiltration conditions. Ground water flow 
was then modeled under effluent discharge conditions (50,000 gpd), shown on Figure 4. 
The predicted head distribution with 50,000 gpd discharge was approximately 2.5 feet 
above preexisting conditions. Predicted head distribution with 95,500 gpd discharge 
(estimated peak flows) was approximately four feet above preexisting conditions. The 
predicted mounding is consistent with the Hantush model. 

WATER REUSE REGULATIONS 

Ecology water reuse standards (1997) stipulate that a 500-foot setback is required 
between an infiltration facility and ground water or surface water drinking water source. 
A water well is present at the northwest corner of the Richard Smith site (Figure 2). This 
well was observed to be a flowing mtesian well and is not currently in use. The well log 
is included in Appendix A. The well is 331 feet deep, and the drillers well log reported 
gravelly topsoil over approximately 136 feet of 'conglomerate' (possibly dense 
recessional outwash deposits overlying advance outwash deposits). The well log reported 
approximately 180 feet of fine-grained silt and clay deposits overlying coarse .. 
'conglomerate' (pre-Vashon non-glacial lacustrine and outwash deposits). If the facility./,./] 
is sited at the Smith property, the well should be properly abandoned according to /,/ 
Washington State regulations. /" // 

CONCLUSIONS . " ,..:J l ··J· ,. 
HWA conducted subsurface investigations at two sites in the Cort Reserv~~9n Pim ing 
area to assess the suitability of those areas for potentiJ1hvctstewater inft!tratiof facilitt 

siting and design. I \ ·' 
I ,. 

The investigations consisted of compl)<tingtyst pits and\bori~gs a the fichard Smitli · · 
property and Dry Bed Creek site,.. Solis at the two /site~ P,rima\iiy consisted of sands and 

gravels with silty !aye.rs. Grou~d waterr.as ehcinteii~cl~t 19 feet bgs Jn a boring 
completed at the Richard Smith pro6e1t ·/ \ ,./ ··· . I r. · .. 
The Smith prope;:(~ :as sJect~d f01:;:rthe\eva uat~fu,d:~(othe ~resence and extent of 

outwash soiif. HfA'1omplet~d la1or~tory graJn-sj;ze analysis of selected soil samples 
and ~sed the resulls to estiniate infi.1 trat(on r~~s a:hd potential ground water mounding at 
the site. · 1 I \./ 
The infiltratif.n ra e yised ~n s8il·gi·ain size testing data was estimated at 0.25 
inches/hour jt the site. 'Phis value does not account for mounding due to perching layers 
or shallow g11°und ~51te;'. beneath the facility. Flow estimates assuming some degree of 
mounding in~}5ate approximately 3 .5 acres would be necessary to infiltrate the proposed 
50,000 gpd. Additional mounding analyses estimated long-term ground water mounding 
of approximately 2.5 to 3 .5 feet above existing ground water levels. 
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These estimates should be considered preliminary, for planning purposes. Additional 
studies recommended for design are described below. 

RECOMMENDATIONS 

If this site is selected, HWA recommends more detailed on-site hydrogeologic and 
enviromnental investigations. Borings and monitoring wells should be installed and 
tested to establish ground water levels, gradients, quality, and aquifer parmneters. 
Seasonal ground water changes should be evaluated. Monitoring during one wet season 
at a minimum is recommended. A ground water mounding analysis and modeling to 
predict flow rates and impacts to nearby surface water features should be performed 
based on the new information. A Phase I (and possibly II) Environmental Site 
Assessment should also be conducted prior to any property purchase, or to evaluate 
impacts of infiltration over potentially contaminated soils or ground water. 

Water infiltrated at the Richard Smith or WSDOT sites will likely discharge in the low­
lying wetlands east of the sites. There are currently no developed structures east of the 
Richard Smith property (between the site and Hood Canal). Additional studies may be 
required to evaluate the impacts of the additional flow to this area. 

/ 

Pilot infiltration testing would be needed to size the facility for design flows. Thtrpilot 

~est typically e~tails a 17-24 hour period. of infiltratio.n at rates scal~d to <l,~§ig~ po~s, 
mto an approximately 100 square-foot pit or 8 foot diameter steel nn;1!.excava\e(l)crihe 
receptor soils .. Discharge and w~ter le~els a_re n::onitore~ and lon!l:ferm .i.IJ.filtfation rites 
can be approximated. Constructlon of multiple mfiltration ponds an p~ases .find 
monitoring peak use and ground water mounding is also"' . optiotl for facilh~ 
development. / I /./ 

I / 
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//"/] 
, .. / ) 

The conclusions expressed by HWA are based solely on material referenced in tlil~ / / 

LIMITATIONS 

report. Observations were made under the conditions stated. Witl:in t~Jirnhf~io~i;!of. [ 
scope, schedule and budget, HWA attempted to execute tl1ese serv.\ces 111 accordancd wit ' 
generally accepted professional principles and practices in the are~ at tlw·tfn:ie the reiott 
was prepared. No warranty, express or implied, is made,, .. ~xperiefce h~s)h6:Wn that! 
su~smface soil a?d groundwater .con.ditions can. vm~·y, signif\cantl~ overLsina~ distances. 
It ts always possible that contammatton may exist 1 areas that w9re not .. sampled. 

HW1:'s.findings and conclusions m~s; .. l}Ptb:~ ~onsi err~ ~s ~fient1,fic.<fr engineering 
c.ert.mnttes, but rather as o~r profi~~.st6nal .op1~10n conc

1
etemg \he ~tgm~cance of the 

lnrnted data gathered and mterpteted.5Junng the cfurse cifthe ~ssess .. m· ent. 
I .. ·) I /,. .\l /I 

We recommend t~~t ~Wt\ be tetai1.~~to re~iew/the ~l~s\ and,s.p · cifi~ations to verify. 
that our recom,mendattons ~ave been mte/preted ancl,,nnpleµiented as mtended. Sufficient 
field monitot~ng, tt;sti~g anq c?nsulfa~on sl~uld be}provided during construction to 
confirm .that the cbndi1i01.1s enJ_ountere~ ar~ c'{}i§istent withy10se indicated by. 
explorat10ns,I and }o pr?vt~ recom*1end{l!!PnS should cond1t10ns revealed dunng 
construction Hiffe\· froth th se ~nti~jpated. HWA does not practice or consult in the field 
ofsafet~ eng/neer/nsY/w do ~9tdtrect the contractor's operation~, and canttot be 
responsible for the safety/of persotmel other than our own on the site. 

This study ald repoft:ave been prepared on behalf of Gray and Osbome and Mason 
County, for the··~pecific application to the subject propetty. This report should be 
provided in its entirety to prospective contractors for bidding and estimating purposes; 
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however, the conclusions and interpretations presented in this repott should not be 
construed as a warranty of the subsurface conditions. We are not responsible for the 
impacts of any changes in environmental standards, practices, or regulations subsequent 
to performance of services. We do not warrant the accuracy of information supplied by 
others, nor the use of segregated potiions of this repmt. 

We appreciate the opportunity to provide our services. Please feel free to call us if you 
have any questions or need more information. 

Sincerely, 

HWA GEOSCIENCES INC. 

Vance Atkins, LG, LHG 

Senior Hydrogeologist 
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RELATIVE DENSITY OR CONSISTENCY VERSUS SPT N-VALUE 

COHESIONLESS SOILS COHESIVE SOILS 

Approximate 
Approximate 

Density N (blows/It) Consistency N (blows/It) Undrained Shear 
Relative Density(%) 

Strength (psf} 

Very Loose 0 to 4 0 15 Very Soft 0 to 2 <250 

loose 4 to 10 15 35 Soft 2 to 4 250 500 

Medium Dense 10 to 30 35 65 Medium Stiff 4 to 8 500 1000 

Dense 30 to 50 65 85 Stiff 8 to 15 1000 2000 
Very Dense over 50 85 too Very Stiff 15 to 30 2000 4000 

Hard over30 >4000 

uses SOIL CLASSIFICATION SYSTEM 

MAJOR DIVISIONS GROUP DESCRIPTIONS 

Gravel and 
Clean Gravel 

.,,•GW Well·gradad GRAVEL 
Coarse 
Grained 

Gravelly Soils 
(little or no fines) ~ 

"CY GP Poorly-graded GRAVEL 
Soils 

More than ~I'-
50% of Coarse Gravel with 

" 
GM Silty GRAVEL 

Fraction Retained Fines {appreciable 

on No. 4 Sieve amount of fines) GC Clayey GRAVEL 

Sand and Clean Sand :::::sw Well-graded SAND 

More than 
Sandy Soils (little or no fines) 

SP Poorly-graded SAND 
50% Retained 

50%orMore 
on No. 

of Coarse 
Sand with SM Silly SAND 

200 Sieve Fines (appreciable 

~ Size 
Fraction Passing 

amount of fines) SC Clayey SAND 
No. 4 Sieve 

ML SILT 
Fine Silt 

Grained '"' 
Liquid Limit 

~,;( CL LeanClAY 
Soils Clay 

Less than 50% 

f- - OL Organic SILT/Organic CLAY 
f-

~MH Elastic SILT 
Silt 

50%orMore Liquid Limit 

'"' CH Fat CLAY Passing 
Clay 

50% or More 
No. 200 Sieve 

Size l1 OH Organic SILT/Organic CLAY 

' ,, 
Highly Organic Soils PT PEAT 

' " 

%F 

AL 

CBR 
CN 
DD 
OS 
GS 
K 
MD 
MR 
PID 
pp 

SG 
TC 
TV 

UC 

~ 
I 
G 
0 
~ 
I] 
Cl 

TEST SYMBOLS 

Percent Fines 

Atterberg Limits: PL "' Plastlc Limit 
LL = Liquid Limit 

California Bearing Rat1o 

Consolidation 

Dry Density (pcf) 

Direct Shear 

Grain Size Distribution 

Permeablllly 

Moisture/Density Relationship (Proctor) 

Resilient Modulus 

Photolonizallon Device Reading 

Pocket Penetrometer 
Approx. Compressive Strength (Isl) 

Specific Gravity 

Triaxlal Compression 

Toivane 
Approx. Shear Strength (tsf) 

Unconfined Compression 

SAMPLE TYPE SYMBOLS 

2.0" OD Sp!il Spoon (SPT) 

(140 lb. hammer with 30 In. drop) 

Shelby Tube 

3-1/4" OD Split Spoon with Brass Rings 

Small Bag Sample 

Large Bag (Bulk) Sample 

Core Run 

Non-standard Penelration Test 

(3.0" OD split spoon) 

GROUNDWATER SYMBOLS 

Groundwater Level (measured at 

time of drilling) 

Groundwater Level (measured in well or 

open hole after water level stabilized) 

COMPONENT DEFINITIONS COMPONENT PROPORTIONS 

COMPONENT SIZE RANGE PROPORTION RANGE DESCRIPTIVE TERMS 

Boulders Larger than 12 in 
<5% Clean 

Cobbles 3into12in 

Gravel 3 in to No 4 (4.5mm) 

Coarse gravel 3 in to 3/4 in 
5-12% Slightly (Clayey, Sllty, Sandy) 

Fine gravel 3/4 in to No 4 (4.5mm) 

Sand No. 4 (4.5 mm) to No. 200 (0.074 mm) 
12-30% Clayey, Silty, Sandy, Gravelly 

Coarse sand No. 4 (4.5 mm) to No. 10 (2.0 mm) 

Medium sand No. 10 (2.0 mm) to No. 40 (0.42 mm) 30- 50% Very (Clayey, Silty, Sandy, Gravelly) 

Fine sand No. 40 (0.42 mm) to No. 200 (0.074 mm) 

Silt and Clay Smaller than No. 200 (0.074mm) Components are arranged in order of increasing quantities. 

NOTES: Soil classifications presented on exploration logs are based on visual and laboratory observation. 
Soil descriptions are presented in the following general order: MOISTURE CONTENT 

Density/consistency, color, modifier (if any) GROUP NAME, additions to group name (if any), moisture 
content. Proportion, gradation, and angularity of constituents, additional comments. 
(GEOLOGIC INTERPRETATION) 

Please refer to the discussion in the report text as well as the exploration togs for a more 
complete description of subsurface conditions. 

-HWAGEOSCIENCES INC. 

LEGEND 2006172.GPJ 7127107 

Mason County Wastewater 
Infiltration Evaluation 

Mason County 
Washington 

PROJECT NO.: 

DRY 

MOIST 

WET 

Absence of moisture, dusty, 

dry lo the touch. 

Damp but no vislble water. 

Visible free water, usually 

soil is below water table. 

LEGEND OF TERMS AND 
SYMBOLS USED ON 
EXPLORATION LOGS 
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EXCAVATION COMPANY: Skokomlsh DNR 

EXCAVATING EQUIPMENT: Cose 580 backhoe 
SURFACE ELEVATION: ;I; Feet 
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~ 
:::> DESCRIPTION 

SM Brown, silty SAND with grovel, moist 

SP Seom of gray line to coarse SAND with grovel. 

ML Brown, SILT, slity SAND, tmd large woody debris [fill) 
SM 

Reddish brown, silly SAND with grovel and sill, moist 

ML Brown SILT 

ML 

"'"" Reddish brown, fine to coarse SANO, few grovel, moist 
SP 

Test pit tem1inoted ot about 10 feet be!ow the ground surface. 
No ground water enccuntered during this exp~omtion . 
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uJ n: 
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NOTE: For a proper understanding of the nature of subsurface conditions, this exploration log 
should Ile read in conjunction with tile text of the geotecllnical report. This log of sullsurface 
conditions applies only at the specified location and on the date indicated and therefore may 
not necessarily Ile indicative of other times andfor locations. 

um 
HWAGEOSCIENCES INC 

Mason County Wastewater 
lnfiltrntion Evnluation 

Mason County 
Washington 

LOCATION: See f igure 2 

DATE COMPLETED: 1125107 

LOGGED BY: A. Sugar 

PHOTOGRAPH OF TEST PIT 

LOG OF TEST PIT 
TP-4 
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EXCAVATION COMPANY: Lot Houliflg 

EXCAVATING EQUIPMENT: Cose 580 backhoe 

SURFACE ELEVATION: ;I; Feet 
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DESCRIPTION 

Dork brown silty sond TOPSOIL with organic moterial ond roots. 

Yellow-red silly GRAVEL with sond, grovels to 2", loose to medium 
dense, occoslonal cobbles, some s!ough/caving. 
(Outwm;h) 

Ar. obove, with silly layers 

GP Sandy GRAVEL, troce silt , grovel to 2", moist, much 
sloughing/caving. 

Test pit completed to 8 feet bgs (slough). 
Ground ·.voter not encountered. 

TP-25-6 14 

TP-25·8 
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NOTE: For a proper understanding of the nature of subsurrace conditions, this exploration log 
should l>e read in conjunction with the text of the geotechnical report . This log or subsurface 
conditions applies only at the speciried location and on the date indicated and thererore may 
not necessarily be indicative of other times and/or locations. 
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HWAGEOSCIENCES INC 

Mason County W<:1stewater 
lnfiltrn tion Ev<:1 luation 

Mason County 
Wasllinglon 

LOCATION: See Figure 2 

DATE COMPLETED: 6/12107 

LOGGED BY: V. Alkins 

PHOTOGRAPH OF TEST PIT 

LOG OF TEST PIT 
TP-25 
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EXCAVATION COMPANY: Loi Hauling 

EXCAVATING EQUIPMENT: Cose 580 1>,,1ckhoe 
SURFACE ELEVATION: :t Feet 
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DESCRIPTIOt~ 

Dark llrO\'ITl gravelly TOPSOIL with organic material and rools. 
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Brown to brownish yellow coarse sanely GRAVEL, troce silt, 
cobbly, decreasing roots. ~!* 

I 

·•1 - .•. (Outwash) ...;-,_ 
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SP Brown SAND with silt and gravel, medium sand lenses. moist, 
SM me<lium dense, some slough. 

GP Bro'.\11 to )'ellow-l>rO\'ITl sandy GRAVEL, much slough. 

Test pit completed to 8 feet hgs (slough). 
Ground water not encountered. 

TP-26-5 11 

TP-26-8 

NOTE: For a proper understanding of the nature of subsurface conditions, this exploration log 
should l>e read in conjunction with the text of the geotechnical report . This log of subsurface 
conditions applies only at the specified location and on the date indicated and therefore may 
not necessarily be indicative of other times andfor locations. 
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HWAGEOSCIENCES INC 

Mnson County Wnstewater 
lnfiltrntion EvaluCJ tion 

Mason County 
Wasl1ington 

f ~; I 

LOCATION: See Figure 2 

DATE COMPLETED: 6112107 
LOGGED BY: V. Alkins 

PHOTOGRAPH OF TEST PIT 

LOG OF TEST PIT 
TP-26 
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EXCAVATION COMPANY: Lot Houling 

EXCAVATING EQUIPMENT: Cose 580 backhoe 

SURFACE ELEVATION: :I: Feet 

~ 

"' "' t -
:x: 

fu 
0 

0 

2 

4 

6 

8 

10 

12 

DESCRIPTION 

Dork bro-.•m grnvelly TOPSOIL with orgonic moteriol ond root$. 

Well groded brown to yellow-IJro'l•m GRAVEL with sand, occosional 
coorse sandy lnyern, oomewtmt strnlified/imbricated, occasionol 
tree roots. 
{Outwa!lh) 

Bro\\11 to yellow-bro-.•m Slllldy GRAVEL with fine to medium sand 
layern, trace sill. cobbles. moist. 

Brown to yellow-bro-.•m silty GRAVE with sand ruid silt loyers, 
................ ~,,!-'-.moist slO.\:!.Qhing.'---

Test pit completed to 7 feet IJgs (slough). 
Ground water not encountered. 
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NOTE: For a proper understanding of the nature of sullsurface conditions, this exploration log 
should be read in conjunction with the text of the geotechnical report . This log of subsurface 
conditions applies only at the specified location and on the date indicated and therefore may 
not necessarily l>e indicative of other limes and/or locations. 
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Mnson County Wnstewnter 
lnfiltrntion EvnlLmtion 

Mnson County 
Washington 

LOCATION: See Figure 2 

DATE COMPLETED: 61 12107 
LOGGED BY: V. Atkin5 

PHOTOGRAPH OF TEST PIT 

LOG OF TEST PIT 
TP-27 
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EXCAVATION COMPANY: Lot Hauling 

EXCAVATING EQUIPMENT: Case 580 backhoe 

SURFACE ELEVATION: :!: Feet 
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~;;"' In "' ..J ~ z w~ UJ 0 0: I-
~ UJ w z I-

(/) ..J ..J ~ IU 0:: 
U) (/) n. ll. (/) I- UJ 
:a ~ ~ ~ -z j!: >- <~ <( oo 
(/) :::> DESCRIPTION (/) (/) ::? 0 0 

~ Dark lm11•m gravelly TOPSOIL with organic material and roots. 
'.) 'v' I GP Brown coarse sandy GRAVEL to 2", dry to moist. 
o()< (Outwash) 

b c 
o0( 
o()< 
b c 
oOI 
o()< 
b c 

1:1 01 

Sloughing 

J ~ I GM Red-brown silty GRAVEL with GMd, nilly lnyers, moist. 
0 ( ~< 
)c IC 
J ·~ ( 

TP-28-5 11 

I ~ c )C 

i:> " I 
f\c 

GP Sandy GRAVEL with medium sand layera, moist, caving. 

Test pit completed to 7 feet bgs (s!ough). TP-28-7 
Ground water not encountered. 

NOTE: For a proper understanding of the nature of subsurface conditions, this exploration log 
should he read in conjunction with the text of the geotechnical report . This log or subsurface 
conditions applies only at the specified location and on the date indicated and therefore may 
not necessarily be indicative of other times and/or locations. 

um 

0: 
lU 
I-
<( 

~ 
D z 
:::> 

~ 
~ 

HWAGEOSCIENCES INC 

Mason County Wastewnter 
lnfiltrntion Evaluntion 

Mason County 
Wnsliington 

LOCATION: See Figure 2 

DATE COMPLETED: 6/12107 

LOGGED BY: \/. Atkin!l 

PHOTOGRAPH OF TEST PIT 

LOG OF TEST PIT 
TP-28 
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EXCAVATION COMPANY: Loi Hauling 

EXCAVATING EQUIPMENT: Cose 580 backhoe 
SURFACE ELEVATION: :1;: Feet 

~ 
OU 
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b: 
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<Ii 
(/) 

:5 
() 
_J 

0 5 (/) 

U) (/) 
:a ~ >-
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GP 

DESCRIPTION 

Dark bro'l'm grovelly TOPSOIL wtth organic material and roots. 

Brown to yellow-li ro-.•m sandy GRAVEL, occasional silty layer, 
cobbles, moist. 
(Outwosh) 

Brown medium to coarse GRAVEL with soncl, moist, me<lium 
dense, occoslonol boulder, sloughing. 

Test pit completed to 9 feet lJgs (slough). 
Ground water not encountered. 

0: w 
UJ (J) (/) 
ll. .2 ~ :ii ::::> "' ~ z w ~ w a: I-w UJ I-::::> z 
~ 

_J I- UJ ffi a_ (/) I-
~ ~ o~ J: 
<{ I-
(/) t/) :2 0 0 

TP-29-7 6 

TP-29-9 

NOTE: For a proper understanding of the nature of subsurface conditions, this exploration log 
should be read in conjunction with the text of the geotechnical report. This log or sul>surf:::ice 
conditions applies only at the specified location and on the date indicated and therefore may 
not necessarily be indicative or other limes andtor locations. 
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HWAGEOSCIENCES INC 

Mnson County Wnstewater 
Infiltration Evnluation 

Mason County 
Wnsflington 

LOCATION: See Figure 2 

DATE COMPLETED: 6112107 
LOGGED BY: V. Aikin$ 

PHOTOGRAPH OF TEST PIT 

LOG OF TEST PIT 
TP-29 
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EXCAVATION COMPANY: Lot Houling 

EXCAVATING EQUIPMENT: Cose 580 lxlckhoe 

SURFACE ELEVATION: ;I;; Feet 
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(/) ::> DESCRIPTION (/) (/) :a 0 0 

,, 1, 
Brown sandy/gravelly TOPSOIL with organic material and rools. 

SP Bro\\~1ish yel'ow gravelly SAND wilh silt, moist, 

1 1 

SM Browni5h yel:ow gravelly silty SAND, slighliy cemented/oxidized, 
moist. 

Test pit completed to 8 feet ligs. TP-30-6 
Ground water not encountered. 

NOTE: For a proper understanding of the nature of sullSlirface conditions, this exploration log 
should l>e read in conjunction with the text of the geotechnical report. This log of subsurface 
conditions applies only at the specified location and on the date Indicated and therefore may 
not necessarily he indicative of other times rind/or locations. 
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HWAGEOSCIENCES INC 

Mnson County Wnstewater 
lnfiltrntion Evnluation 

Moson County 
Wasl1ington 

LOCATION: See Figure 2 

DATE COMPLETED: 6/12/07 

LOGGED BY: V. Atkins 

PHOTOGRAPH OF TEST PIT 

LOG OF TEST PIT 
TP-30 
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DRILLING COMPANY: Boart Longyear 

DRILLING METHOD: Mobile B-59 HSA wt Cathead 

SAMPLING METHOD: D&M Sampler 

SURFACE ELEVATION: ± feet 

-

-

10-

-

-

15-

-

20-

~ 

0 

"' " >-
"' 

"' ~ 
L) 

~ 

5 
"' "' L) 

"' "' DESCRIPTION 

Brown coarse GRAVEL, dry. See test pit logs for shallow 
lithology. 

No recovery 

SM Red-brown silty SAND with gravel, loose, moist, trace 
mottling. (Outwash) 

SW Red-brown fine to coarse SAND with gravel and slit lenses, 
SM loose, moist. 

Brown fine to coarse SAND with sill and gravel, medium 
dense. moist grading wet. 

Wet 

41515 

~ 10 
14/11/9 

~ 15 
22110/5 

For a proper understanding of the nature of subsurface conditions, this 
exploration log should be read in conjunction with the text of the 
geotechnical report. 

NOTE: This log of subsurface conditions applies only at the specified location and on the date indicated 
and therefore may not necessarily be indicative of other times andfor locations. 

-HWAGEOSCIENCES INC. 

BORING 2006172.GPJ 7127107 

Mason County Wastewater 
Infiltration Evaluation 

Mason County 
Washington 

PROJECT NO.: 

LOCATION: See Figure 2 

DATE STARTED: 7/11/2007 

DATE COMPLETED: 7/11/2007 

LOGGED BY: V. Atkins 

"' i" 
~ 
D 
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"' 0 

"' "' 

Standard Penetration Test 

(300 lb. weight, 30" drop) 

A Blows per foot 

Water Content(%) 

Plastic limit I e I Liquid Limit 
Natural Water Content 

BORING: 
BH-3 
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DRILLING COMPANY: Boart Longyear 

DRILLING METHOD: Mobile B-59 HSA w/ Cathead 

SAMPLING METHOD: D&M Sampler 

SURFACE ELEVATION: ± feet 

U) 
U) 

'.'i 
0 
~ 

~ 0 
I 0 U) 

I- - "' U) 
n.- "' 0 
w% >- U) 
O>o U) ::> DESCRIPTION 
20 -

-

-
/ SP Brown coarse SAND with silt and gravel, medium dense, 

- wet 

-

25 -

-

-

-

- I 

30 -

-

Boring completed to 31.5 feet bgs 
- Ground water encountered at 19.2 feet bgs 
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w "' n. "' ~ 

::> 
z 

w w 
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"' "' " w 
rfi~ I 

I-
n. e, 0 

~ 20 
4/8/12 

~ 25 
1/1/1 

~ 30 
1/3/4 

For a proper understanding of the nature of subsurface conditions, this 
exploration log should be read in conjunction with the text of the 
geotechnical report. 

NOTE: This log of subsurface conditions applies only at the specified location and on the date indicated 
and therefore may not necessarily be indicative of other times and/or locations. 

mm 
HWAGEOSCIENCES INC. 

BORING 2006172.GPJ 7127f07 

Mason County Wastewater 
Infiltration Evaluation 

Mason County 
Washington 

PROJECT NO.: 

LOCATION: See Figure 2 

DATE STARTED: 7/11/2007 

DATE COMPLETED: 7/11/2007 

LOGGED BY: V. Atkins 

"' Standard Penetration Test w 
I-

~ 
(300 lb. weight, 30" drop) 

.&. Blows per foot 0 
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::> 
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Water Content(%) 

Plastic Limit I e I Liquid Limit 
Natural Waler Content 

BORING: 
BH-3 
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File Or1l[L111tJ ;ind First Copy with 
Depnrtrnent of Eeology 
Second Copy - Owner's Copy 
Third Copy - Driller's Copy 

WATER WELL REPORT Appllcullon No .. 

STATE OF WASBINGTON Pel"tlllt No ..... 

(1) OWNER: Nome , ~h.l::t .. S'..-:m Lf ,h ....................... Addreu /(./;,£.. £l.P..ir.S:.'!..Q , S...4:1<//:.q "1 , t,,./,,_,,,.. . 

(2) LOCATION OF WELL: county ........ A1.~.!;> .~................. . - .~.~\\ .,.s(;) \, s.~. T.£.&>r .. a .. <t.'.'.. WM. 
B~t'lng and dJ11tmce trom section or subdlvli.io!~ corner 

(3) PROPOSED USE: oom"t1c II( tnd.,,trt•t o Muruclpal o (10) WELL LOG: 
~~~~~~~~~~~~~~~~~~~~~~-

IrrlgaUon D Test \Veil D Other D 

(4) TYPE OF WORK: Ownoc'• numb., oi well 
Of more than one1.... . ................... . 

New well [8""" Method: Dug O Bored D 
Deepened D Cabl~ II"""" Driven O 
Recond!tloned D 

(5) Diameter o{ well ......... ~ ...... .;..;: lfiches. 
Depth ol completed well ... -~-~ ....... .It, 

DIMENSIONS: 
Drlllod .... :ft.J,,I. ....... ft. 

(6) CONSTRUCTION DETAILS: 

Casing installed: .. .. 6 ..... " oJam. from .... J? ..... <t. to J..~/ ft . 

Thretded D 
Welded~ 

.............. " DlBITl. from ... ft. to ... ,. ......... - ft. 

..... "' Diam. from ............... ft, to ...... ,., ....... U. 

Perforations: Yes o No [lj"" 
Type of pertorlltor Ul.led ............ . 
SIZE of pertoratloN ................. .. In. by ............................... ln. 

. ...................... perforations from ... lt. to .................... tt . 

.............. - ........ perforaUoru from .. 
perforatlonm from 

...... n. to ........................ ft . 
.. ... ft. to ........................ ft. 

Screens: Y•• o No IH"" 
?.i.anllf.let.urer'• Name ................................................................................... . 
Type ...................... --.. - ...................................... Model No ......... k-M••"-··"'·· .. -·. 

Dta.m ................. Slot size ................ from . ft. to ......... -..... ft. 
DJam ................. Slot 1tze .............. - from ............... ft, to ................ tt. 

Gravel packed: Yes O No~ Size of eravel: ............................. . 
Gravel planed from ........ ... ft. ta ........................... ., .... , .. tt. 

Suri::;,!:'~.:·,~~~~~~'.:: ~:~:::::~: 
Dld any strata contain unusable water? Ye• D No D 
Type of water? .................................... Depth of atu1ta .................. --......... . 
Method of 11eallng strata orr ........................................................................... . 

( 7) PUMP: Ml'l.nulacturer'11 N~mc ........................................ .. 
Type: ...................................................................................... HP ... .. 

(8) WATER LEVELS: Land-surface elev01tlon 
~ above me111n aea level, . . . .ft. 

Static level .... ~/f!.. .. ~ .. l.·"f:!::!J·· ..... tt, below top of well Date ............................. _ 
Artesian presture ............................... .lb1. per sqUQre Inch OaU!. 

A.rteatan water ill controlled by ....................................................... .. 
(Cap, valve, rite.} 

(9) WELL TESTS: 
W4l:S ll pump test made? Yes D 
Yield: gal./mln. with 

Drawdown t11 amount water level 11 
lowered _.Pelow static l1:ivel 

No l:)o'If yes, by whom? . 
tt. drnwdown after hrs. 

Recovery datn (time taken a.a zero when pump turned off) (Wa\er level 
measured from well top to water level I ... ~~=~ .. --- --~-~.~~.~ .. ~:~.'-- ... ~.'-~-~ ... ---·~-~~.~~ .. ~~-~.~-' .. I .... ~~=~····· .. ~~.~~.~ .. ~~~.~ .. 

:::::::::::::: :::::::::::::::::::::: :::::::·::::: :::: .::::::.::::!:::::::::: ::::::::::::::::::::: 
Date of test ............................................. ··-· ......... ( 

Bailer tetit.. .. 7-"~ital./mtn., wlth .... :7f"O. .... ft. drawdown after ................... hn. 
Arleolan 8ow ....... .J_t..e.;f2-1..~ .............. p.m, Do\e ..... ,t:C/. .. °"/l..o,;l;J. .............. . 
Temperature of W'1ter ................ Wu a chemical analy1ls made? Yet 0 No 0 

Formation; Describe b1.( color, character1 si.ze of matt'rial and structure, and 
1how thtcknes11 of aqu1fer11 and the ktna and nature o/ the material ~n tqch 
ttratum penetrated, WtCh. at lea11t one entru for each change of Jorm.ation, 

MATERIAL FROM TO 

{' A..._, j 

, __ ,__ . .- ........ 
c·IUY l l'jfl 

-----~~~~~~~~~-~---_...,.. __ ......, ___ _ 
DEPARTMENT OF ECOLOGY 

., Drr.inNAI nrr1~" 

-----------------------~--~---·-

work otartod .... J"'..:::-.i,/ .......... rn.2.Z Completed .. /P .. :::.f./. .. .... rn .. ?.2 
WELL DRILLER'S STATEMENT: 

This wen was drilled under my jurJ:-diction and this report is 
true to the best of my knowledge and belief. 

NAME ... dr..~·:'it •. .fYt:d:t"" 'ii'~r,prlnii''''''''' 
i\.ddress .. ,.f..r:J.. .. &.-:..Y.. .'t.Z. . .'?.::. .. .. .. 4-:e,..!.6..~ ... ~. 

7L .1./(0 
[Slgned] ................................ · ......... (Weii""Drl~'"'''"""'"""'""""'""""······ 

. 

License No ...... .. P. .. "Y..?Z .............. Date ... /~.:::::.'.'.'.'.'.'. ......... , rn:?'2 

(USE ADDITIONAL SHEETS D' NECESSARY) 
s. F. No. 7356-0S-!Rcv. 4-70. 
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APPENDIXB 

LABORATORY TESTING 

Representative soil samples obtained from the borings were returned to the HWA 
laboratory for further examination and testing. Laboratory tests were conducted on 
selected soil samples to characterize ce1iain properties of the on-site soils. Laboratory 
tests, as described below, included determination grain size distribution. 

MOISTURE CONTENT 

The natural moisture contents of selected samples were determined in general accordance 
with ASTM D 2216. The results are plotted at the sampled intervals on the exploration 
log as appropriate. 

GRAIN SIZE ANALYSIS 

The grain size distribution of selected soil samples was determined in general accordance 
with ASTM D 422. Grain size distribution curves for the tested samples are presented in 

figures B-1 through B-4. . ... /·/1 
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GRAVEL SAND 
Coarse I Fine Coarse I Medium I Fine 

U.S. STANDARD SIEVE SIZES 
3/4" 

3" 1-1/2" i 5/8" 3/8" 
' ' ' 
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Cl 
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SYMBOL 
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I i I 
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I i I 
I ! I 

I I I 
I ! I 

10 

DEPTH (ft) 

15 15.0 -16.5 

20 20.0 - 21.5 

25 25.0 - 26.5 

HWAGEOSCIENCES INC. 
HWAGRSZ 2006172.GPJ 7126107 

#4 #10 #20 #40 #60 #100 #200 
' ' ' ' ' ' ' 
I I i i i I 
I I I ! ! I 

I I i i i I 
I I ! ! ! I 

I I I i i I 
I I ! ! ! I 

I I I I I I 
~I I I I I I 

I I I I I ~ \'\ I I I I I 
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I 'I'- I I ! I 

I ,~ " 14 i i I 
I ''" cJ ""' 
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I I :'ii " -.;~ ~ I 
I I ! ""' I 

" ' -
I I I I ----I I ! ! ! . 

5 1 0.5 0.1 0.05 

GRAIN SIZE IN MILLIMETERS 

CLASSIFICATION OF SOIL- ASTM D2487 Group Symbol and Name 

(SW-SM) Brown, well graded SAND with silt and gravel 

(SW-SM) Light brown, wel graded SAND with silt and gravel 

(SP-SM) Brown, poorly graded SAND with silt and gravel 

Mason County Wastewater 
Infiltration Evaluation 

Mason County 
Washington 

-

SILT CLAY 

--

-
- - --,_ -. - ,. 

0.01 0.005 0.001 0.0005 

0/o MC LL PL Pl Gravel Sand Fines 
% % % 

8 

11 

9 

40.0 49.8 10.2 

41.3 48.7 10.0 

39.0 55.3 5.6 

PARTICLE-SIZE ANALYSIS 
OF SOILS 

METHOD ASTM 0422 

PROJECTNQ., 2006-172-22 FIGURE' B-1 



GRAVEL SAND 
Coarse I Fine Coarse I Medium I Fine 

U.S. STANDARD SIEVE SIZES 
3/4" 

1-1 /2" i 5/8" 3/8" 3" 
' ~ ' ' 

i\ ~ 
II I 

\ 
I I I 

I ~I I 

\ 'i \ l~I I I I I 

I~ ~ I ' I "' 
I I~ l~\i I 
II 

I I I~ 
' I I I ~ I I I I 

I I I I 
I I I I 
I I I I 

-~ -, I 1 
I I I I 
I I I I 
I I ' 
I I I I 

100 

90 

80 
I-
I 
CJ 70 
w 
$ 
>- 60 
co 
0:: 
w 50 
z 
u::: 
I- 40 
z 
w 
() 

30 0:: 
w 
0.. I I I I 

' 
' 20 

I I I I 
I I I I 

10 ' ' ' 
I I I I 
I I I I 

0 I 

50 10 

SYMBOL SAMPLE DEPTH (ft) 

• TP-25 TP-25-6 

• TP-26 TP-26-5 

"' TP-27 TP-27-5 

-HWAGEOSCIENCES INC. 
HWAGRSZ 2006172.GPJ 7126107 

#4 #10 #20 #40 #60 #100 #200 
' ' ' ' ' ' ' 
II " ' ' ' ' I I I I I I 
I I I I I I 

" " ' i ' ' I I I I I 
I I I I I I 

' 

I I I i I I 
I I I I I I 

" ' ' ' ' 
"' I I I I I 
I "' I I I I I 
I II I I I I 

I "' I I I I I 
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"' 
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I I I I I I 

" "' 
..... I I I I I 

"' I I I I 
~ "-...._ I I' I I I I 
I II I'- I I I I 

" ~~ I 

"" 
I I~ I I I 

I '- " I I I 
' ~ " N ~ ' ' ' I I Ii- I I 
I I 1--J. I 

'," i' l"'i I I N -. 
I I I'.. I I 
' ' 

~ 

I I I i r---
I I I 

I 

5 1 0.5 0.1 0.05 

GRAIN SIZE IN MILLIMETERS 

CLASSIFICATION OF SOIL- ASTM D2487 Group Symbol and Name 

(GM) Brown, silty GRAVEL with sand 

(SP-SM) Brown, poorly graded SAND with silt and gravel 

(GW) Brown, well graded GRAVEL with sand 

Mason County Wastewater 
Infiltration Evaluation 

Mason County 
Washington 

SILT CLAY 

0.01 0.005 0.001 0.0005 

%MC LL PL Pl Gravel Sand Fines 
Ofo Of, Ofo 

14 

11 

4 

51.7 30.3 18.0 

31.4 60.7 7.9 

56.3 40.1 3.6 

PARTICLE-SIZE ANALYSIS 
OF SOILS 

METHOD ASTM 0422 

PROJECT N0.1 2006-172-22 FIGURE: B-2 



GRAVEL SAND 
Coarse I Fine Coarse I Medium I Fine 

U.S. STANDARD SIEVE SIZES 
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SYMBOi SAMPLE DEPTH (ft) 

• TP-27 TP-27-7 

• TP-28 TP-28-5 

... TP-29 TP-29-7 

-HWAGEOSCIENCES INC. 
HWAGRSZ 2006172.GPJ 7126107 

#4 #10 #20 #40 #60 #100 #200 
' ' ' ' ' ' ' 
I I i i i I 
I I I I I I 
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I I I I I 
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5 1 0.5 0.1 0.05 

GRAIN SIZE IN MILLIMETERS 

CLASSIFICATION OF SOIL- ASTM D2487 Group Symbol and Name 

(GW-GM) Reddish brown, well graded GRAVEL with silt and sand 

(GM) Brown, silty GRAVEL with sand 

(GP) Brown, poorly graded GRAVEL with sand 

Mason County Wastewater 
Infiltration Evaluation 

Mason County 
Washington 

SILT CLAY 

0.01 0.005 0.001 0.0005 

%MC 
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11 

6 

LL PL Pl Gravel Sand Fines 
OL OL "-

55.2 36.3 8.5 

52.9 32.5 14.5 

65.2 30.8 4.0 

PARTICLE-SIZE ANALYSIS 
OF SOILS 

METHOD ASTM 0422 

PROJECTNO.o 2006-172-22 FIGUREo B-3 



GRAVEL SAND 
Coarse Fine Coarse Medium Fine 

U.S. STANDARD SIEVE SIZES 
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