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Executive Summary 
 
Two basic problems exist within Carlsborg: 

• Onsite septic systems do not provide adequate treatment, and nitrate levels in the ground 
water are increasing with some samples exceeding drinking water standards of 10 mg/L. 

• Carlsborg has been designated as an urban growth area (UGA), which means urban 
services including sewers must be provided.  However, the cost of sewers is a concern. 

 
Key issues identified to date include: future land use, population, and employment; estimated 
project costs and funding; reuse of reclaimed water, affect on Dungeness River, and water rights; 
plus inter-agency relations with Clallam County, the PUD, City of Sequim, and the tribes. 
 
The Carlsborg UGA includes about 560 acres with 828 residents in April 2006 and an annual 
growth rate of 0.5 percent.  These are mostly retired, senior citizens living on limited incomes.  
Home occupancy is about 1.85 people per dwelling.  Winter water use averages about 125 
gallons per day (GPD) per home.  These demographics should continue, but change is possible. 
 
A revised comprehensive plan will define land use densities compatible with sewers.  Population 
growth was projected at 2.15 percent, which would be 2,140 people in 2050.  Average day 
wastewater flow then is estimated to be 226,000 (GPD).  The treatment plant capacity in 2050 
would be designed for 398,000 GPD.  A 12-inch interceptor would carry the 978,000 GPD peak 
flow.  However, economics and demographics may change, which could require a 15-inch pipe. 
 
The public involvement program demonstrated that not all property owners want to participate in 
a sewer system at this time.  Agency funding limitations also indicate that implementation of a 
sewer system should occur in phases.  The most logical initial sewer system would be built in 
Carlsborg Road from the PUD Operations Center south to the old Costco site across US 101 and 
would serve the parcels adjacent to the pipe, focusing on new developments.   
 
The treatment process is envisioned as a membrane bioreactor (MBR) because the resulting 
discharge can be reused for irrigation, which would conserve the existing limited water rights for 
potable purposes.  Excess reclaimed water would be percolated through soil into Matriotti Creek 
to augment the stream habitat and the local aquifer.  Solids would be thickened and hauled to 
another agency for disposal.  The MBR process is modular, and the treatment facility can be 
readily expanded as Carlsborg grows and the sewer collection system is extended. 
 
Project costs for the initial system are estimated to total about $ 13,000,000. The actual amount 
will depend on how many parcels are included initially, so the total could be more, or a bit less.  
Connecting Carlsborg to the Sequim sewer system would not decrease the estimated project 
costs, and returning reuse water to Carlsborg from Sequim would increase costs.  Some grant 
funding will be essential from federal, state, and local agencies to make the cost affordable to the 
property owners.  The availability of such funding has not been determined, but may be higher 
with reuse.  A variety of assessment methods can be used to distribute the remaining costs to 
property parcels according to be relative benefit provided by sewer service to different land uses.   
 
Besides the new comprehensive plan, several steps remain to be done before sewers can be built. 
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1 Introduction 
 
1.1 Background 
 
Problems addressed by this Sewer Feasibility Study are basically two: 

1. Carlsborg has been designated as an urban growth area, which means urban 
service must be provided, and that includes sewers. 
 2. Onsite septic systems are not adequately treating sewage, which is passing 
through the granular soils into the aquifer and nitrate concentrations in the groundwater, forming 
the potable water supply, are rising enough to approach or even exceed the maximum 
contaminant level (MCL) for drinking water. 
 
Partnering to resolve these problems has been discussed between the Public Utility District No. 1 
of Clallam County (PUD) and Clallam County.  To date, the PUD and Clallam County have 
jointly agreed to fund preparation of this Sewer Feasibility Study for the Carlsborg UGA.  If the 
two agencies decide to implement a sewer system for Carlsborg, Clallam County may grant to 
the PUD the authority to build and operate sanitary sewer facilities. 
 
Authorization for the Feasibility Study is described by the Professional Services Agreement and 
work was directed to begin by the PUD in a letter dated September 12, 2006 to BHC Consultants 
LLC.  BHC Consultants was assisted by Triangle Associates Inc for public involvement; and by 
Aspect Consulting for hydrogelogic consultation. 
 
1.2 Key Issues 
 
The Initial Meeting with staff representatives from Clallam County and the PUD reviewed the 
key factors influencing the need for the Feasibility Study.  Some of the key factors addressed 
through studying the feasibility of a sewer system for the Carlsborg community were identified 
as follows: 

• Existing septic systems are not providing effective sewage treatment, resulting in nitrates 
entering the groundwater aquifer. 

• A variety of relationships are possible between Clallam County, the PUD, Tribes, and 
City of Sequim. 

• The maximum population and the equivalent residential units (ERU) anticipated to be 
served by sewers needs to be projected to define the capacity required in the sewer 
facilities. 

• Alternative collection, treatment, conveyance, and disposal options should be identified. 
The Feasibility Study will not fully evaluate these options, but only select a likely 
feasible ‘baseline sewer concept’ as a benchmark for further evaluation through a 
facilities plan should a baseline sewer concept be deemed feasible. 

• The recommendations of the Carlsborg Community Advisory Council need to be 
considered in evaluating the feasibility of a community sewer system. 

• Use of reclaimed water for community and environmental benefit is highly desirable due 
to apparent declines in the aquifer water level and the limitations of the Dungeness River 
and Matriotti Creek stream flows. 
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• Water rights may be the limiting factor in developing the Carlsborg community to the 
land use densities that can support a sewer system, and the possibilities for obtaining 
additional water rights through transfer or credit for use of reclaimed water need to be 
explored. 

• Financing options including assessments, rates, and possible agency contributions needed 
to be described, with particular emphasis on the prospects for grant funding. 

• Project should be completed during the first part of 2007 under a schedule of phases with 
appropriate milestone dates. 

• A sewer system for the Carlsborg UGA is assumed to develop in phases, which is a 
concept compatible with modular expansion of the treatment facility using membrane 
bioreactor (MBR) technology. 

• Regulatory requirements associated with reclamation, reuse, and disposal of water 
obtained through the wastewater treatment process need to be addressed, and compared 
with the ability of on-site septic systems to meet these regulations. 

• Public involvement program consisting of three public meetings is needed to inform the 
community and property owners about the project, the relationship to past sewer studies 
for Carlsborg, and prospects for implementation including estimated conceptual costs. 

• Feasible polices for developing an equitable assessment method will be explored, 
together with other financing options. 

• Possible efficiencies and cost savings with treatment being provided by the City of 
Sequim needed to be considered. 

 
 
1.3 Report Outline 
 
In addition to the Introduction, the work was organized into eight chapters for preparation of this 
document.  With subordinate sections listed in the Table of Contents, the title for each chapter is 
intended to describe the essential content of each chapter as noted below: 

Chapter 1 Introduction 
Chapter 2 Goals and Objectives 
Chapter 3 Background Information 
Chapter 4 Projected Population and Flows 
Chapter 5 Baseline Wastewater System 
Chapter 6 Reclaimed Water Reuse  
Chapter 7 Financial Considerations 
Chapter 8 Implementation 
Chapter 9 Feasibility Conclusions 
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2 Goals and Objectives 
 
 
2.1 Growth Management 
 
This general vicinity of Clallam County surrounding the Carlsborg community is shown on 
Figure 1. 
 
The Carlsborg Urban Growth Area (UGA) was defined by Clallam County Code 31.03.350 in 
accordance with the Growth Management Act (GMA) adopted by the State of Washington as 
shown on Figure 2 as designated in 2000.  Clallam County desires to encourage residential and 
commercial development within Carlsborg in accordance with the GMA.  A key requirement of 
any UGA is the provision of ‘urban services’ and sewers are often the most challenging to 
provide initially because of the high initial cost. 
 
Existing on-site sewage disposal within the Carlsborg UGA has been guided by County Policy 
No. 13 from Clallam County Code 31.03.350, which has three basic components: 

• An on-site sewage system operations and maintenance program developed through the 
Carlsborg Capital Facilities Plan is intended to be implemented, which is to include 
periodic monitoring and inspection of the on-site systems. 

• All new on-site sewage systems and all system repairs shall use enhanced treatment to 
achieve a minimum reduction in nitrate discharge of at least 50 percent. 

• Other existing on-site sewage systems will be encouraged to upgrade to enhanced 
treatment. 

 
Over the longer term Clallam County recognizes that land use development at urban densities, 
which is usually considered to be at least 4 residential units per acre, cannot be achieved with on-
site sewage systems.  A public sewer system will be required.  The sewer system should be 
implemented in phases, to collect all sewage within the UGA eventually, provide treatment, and 
dispose of the effluent in an environmentally accepted manner.   
 
The Sewer Feasibility Study is intended to establish the planning and cost basis for the PUD, 
Clallam County, and the Carlsborg community to decide whether developing a sewer system to 
serve the Carlsborg UGA is appropriate.  This work builds on previous efforts including the 1994 
Study, the 1998 Capital Facilities Plan, the recommendations of the Carlsborg Advisory Council, 
the 2004 Greater Dungeness Regional Wastewater System Plan, and subsequent documents. 
 
 
2.2 Integrated Water Resources Management 
 
Installation of sewers for Carlsborg offers an opportunity to integrate the management of all 
water resources in the vicinity.  These water resources include potable, irrigation, storm, and 
ground waters, as well as in-stream flows.  Several obstacles need to be overcome to do so; 
however the environmental, economic, and social benefits are substantial. 
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The Dungeness River Executive Committee Working Group has been meeting regularly to assist 
the Department of Ecology in developing effective an in-stream flow rule for the Dungeness 
River, which will affect water availability for future population growth in the Carlsborg UGA. 
 
The Dungeness Aquifer Recharge (AR) Feasibility Study is now in process with an expected 
completion during 2008.   The main objective of the AR study is to evaluate the feasibility of 
using artificial recharge to augment the Dungeness River's and tributaries' base flows during low 
flow times, minimize ground water declines, mitigate for future water rights, then recover and 
use stored ground water.  The reuse water from the Carlsborg sewer system may be a potential 
source of recharge water for the AR project.  
 
 
2.3 Groundwater Contamination 
 
Nitrate concentrations in the groundwater are an ongoing concern within Carlsborg and vicinity.  
Federal drinking water standards require potable water to have less than 10 mg/L of nitrates.  
Most wells within the Carlsborg vicinity currently test below the federal standard.  However, 
nitrate levels in the shallow aquifer have been rising, in some cases above the 10 mg/L standard 
for drinking water, and may continue to rise further in future years.   
 
Clallam County and the PUD want to decrease the risk of nitrate contamination.  Implementing a 
sewer system for the densest area of development in the Carlsborg area will promote that 
objective. 
 
 
2.4 Carlsborg Water Supply 
 
The PUD provides water service to about half of the Carlsborg UGA plus some properties 
outside of the UGA.  The remainder of the UGA is served by private wells and several smaller 
private purveyors as shown on Figure 3, including the following: 

• Parkwood Mobile Home Community 
• Green Acres Mobile Home Park 
• Carlsborg Mobile Estates 
• Rainbows End RV Park 

 
About 111 individual lots within the Carlsborg UGA are served by private wells.  Some of these 
parcels are residential, and others are commercial properties. 
 
Clallam County would like the PUD to expand its water service area to include the entire UGA, 
and the PUD is interested in doing so.  However, the existing water rights for the PUD are 
inadequate for such expansion.  Additional water rights are needed for the UGA to become 
developed at urban densities.  Obtaining additional water rights may be facilitated by the 
proposed sewer system which would collect wastewater and reuse the reclaimed water for stream 
augmentation, aquifer recharge, and replacement of some potable water uses such as crop or 
landscape irrigation (residential and/or commercial). 
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2.5 Reclaimed Water Reuse and Environmental and Efficiency Benefits 
 
Wastewater generated within the Carlsborg UGA is recognized by the PUD and Clallam County 
as a resource with economic and environmental value.  It may be practical for wastewater 
reclaimed through a community sewer system to be treated to ‘Class A’ standards and reused for 
an environmental benefit.  Eventually the reused water possibly could be converted into 
additional potable water rights.  This possibility is explored through this Feasibility Study, 
though a number of regulatory hurdles make this long-term goal uncertain. 
 
A more immediate use for reclaimed water could be irrigation within the UGA.  Lawn and 
garden irrigation and other outdoor uses with ‘Class A’ water would reduce summer time 
demand for potable water, thus making more potable water available for domestic use.  This 
reuse of reclaimed water during the peak water use season would increase the efficiency of the 
water supply system.  It would also reduce the demand for irrigation water from the local 
irrigation companies, and result in less withdrawal from the Dungeness River and more flow left 
in the stream.  Irrigation would continue to provide some recharge to the upper aquifer.   
 
Outside of the irrigation season during the winter, the ‘Class A’ water could augment flows in 
the Dungeness River or Matriotti Creek.  Both of these streams provide fish habitat for salmon 
listed under the Endangered Species Act.  Augmentation of Dungeness River flows during winter 
or other high flow periods could mitigate any impacts of withdrawals for storage purposes.  
Accordingly, a net environmental benefit appears to result from providing sewers in the 
Carlsborg UGA with reuse of the reclaimed wastewater.  However, ‘stream augmentation’ is not 
direct discharge in that the reclaimed water can enter the stream by percolation through the soil 
but not by a point discharge as with a pipe. 
 
2.6 Inter-Agency Cooperation 
 
A Memorandum of Agreement dated 12 September, 2006, between Clallam County and the PUD 
defined the responsibilities for implementing this Sewer Feasibility Study.  The PUD is the lead 
agency and has agreed to operate the sewer system for Carlsborg, should one be built.   
 
Clallam County will support the development of a sewer system financially, and through their 
land use planning and general government powers.  Clallam County also operates several small 
sewer systems in other parts of the County and some joint management approaches may be 
appropriate. 
 
The Lower Elwha Klallam Tribe and the Jamestown S’Klallam Tribe have both been invited to 
participate in whatever form of joint sewer system development and operation is deemed 
appropriate to their respective nations.  Each is considering or developing a sewer system to 
serve their respective communities.  However, each will be a small system with limited 
customers and resources.  Some joint approaches may be found beneficial to all, such as the 
following: 

• Sludge and biosolids management, processing, and disposal 
• Staff training and relief coverage for sickness and vacations 
• Utility billing and records 
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• Common equipment standards for maintenance and repair 
• Emergency assistance 

 
Details of future cooperation remain to be refined, should a sewer system for Carlsborg be found 
feasible and actually implemented. 
 
 
2.7 Public Involvement 
 
Public support is essential for implementation of a sewer system within Carlsborg.  Accordingly, 
the Feasibility Study has been developed with an on-going public involvement program.  The 
public involvement program helps the community and property owners gain an understanding of 
the sewer planning and implementation process.  It also provides the public with opportunities to 
ask questions and to participate in determining the outcome.  Two public meeting were held as 
the draft Sewer Feasibility Study was developed, and a third will be held after the draft Study is 
completed: 
 
Initial Public Meeting was held on 26 October, 2006, at the Greywolf School in Carlsborg.  
About 70 interested people attended.  The scope of the Feasibility Study was presented, together 
with the relationship of this Study to previous studies of the Carlsborg situation. 
 
Intermediate Public Meeting was held on 22 February, 2007, to review the estimated project 
costs for an initial service area and how these might be applied to typical properties within the 
UGA.  About 40 people attended.  Some comments were submitted expressing interest in sewer 
service for several properties, while several had comments opposed to installing sewers. 
 
A conceptual Initial Sewer Service Area was shown to the public at the Intermediate Public 
Meeting, together with a conceptual estimate of what the initial sewer system might cost 
participating property owners.  The owners of several parcels inside of that Initial Area 
expressed interest in being included, as well as some owners outside that area, and some property 
owners within the Initial Area stated objections to being served as summarized below: 

• One property owner of several parcels did not want to participate  
• Three owners would like sewers, but believe the costs are too high  
• Three owners of a number of commercial and residential parcels want to participate  

 
In addition, several people commented that they were not ready to offer an opinion regarding 
sewer service, or had concerns but were outside the UGA and can not participate. 
 
Concluding Public Meeting will be conducted after the final Feasibility Study is released.   It will 
provide a forum for the public to make their opinion of sewer system feasibility known to the 
PUD and to Clallam County. 
 
No decision has been made as to whether a sewer system should be started or not.  The Initial 
Sewer Service Area shown at the Second Public Meeting was only a concept.  The Initial Sewer 
Service Area was revised in response to comments received.  The actual service area for any 
initial sewer system that is implemented has yet to be defined and will likely be different than the 
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system shown in this Study, depending on further property owner comments and the funding that 
can be secured. 
 
 
2.8 Financial Feasibility 
 
Several financial goals were envisioned for the Feasibility Study to improve on previous studies: 

• Determine if a lower cost system than was developed previously can be found. 
• Explore whether a phased approach and modular construction can reduce initial costs. 
• Include other project cost elements that may have been omitted from previous studies. 
• Update construction and project cost to current conditions as a result of inflation. 

 
In the long term, a sewer system for Carlsborg must be self-supporting if it is to be deemed 
feasible.  However, it is recognized by the PUD and by Clallam County that initial construction 
of a sewer system, and start-up operations, will require some level of financial assistance.  Some 
of the funds advanced may eventually be recovered by the two agencies through fees for 
subsequent development of additional parcels and sewer connection charges. 
 
Federal and state funding for part of the initial project costs is possible, though specific amounts 
remain undefined. 
 
The basic funding mechanism to implement a sewer system for Carlsborg would be through 
formation of a local utility district (LUD) under the PUD funding umbrella in accordance with 
RCW 54.16.  Benefiting property owners would be assessed an equitable share of the total 
project costs for the sewer system, not to exceed the ‘special benefit’ received by each property 
parcel by construction of the sewer system. 
 
In addition to the challenges involved in funding the construction of the initial sewer system, 
challenges will arise in funding the initial operating costs as well.  The initial sewer service area 
needs to include enough customers to make the system financially viable.  However, the PUD 
recognizes that start-up operations may be slow.  Several years may pass before enough 
operating revenue is generated to fund all operating costs.
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3 Background Information 
 
 
3.1 Community Description 
 
The Carlsborg UGA as presently defined comprises about 560 acres, of which about 70 acres are 
currently public rights-of-way.  Additional rights-of-way will be created if the UGA is developed 
to urban densities.  Existing land uses are illustrated in Figure 4 and in the aerial photograph 
shown as Figure 5. 
 
Carlsborg began in 1919 with the building of a saw mill and shingle mill by Mr. C. J. Erickson.  
A town with a general store, a post office, a dining hall, and related shops soon developed to 
accommodate the approximately 75 people working at the mills.   
 
The mill closed in 1966 and the site has been converted to the Carlsborg Industrial Park.  The 
older part of Carlsborg has been designated as a historic village.  The Greywolf School has since 
been built, a number of commercial/industrial facilities have been developed, and several 
subdivisions and mobile home parks have been built. 
 
The state Office of Financial Management report on small areas lists Carlsborg with a population 
of 828 people in 2005 and 2006 while living in 457 housing units. 
 
 
3.2 Soils 
 
The soils typical throughout the UGA are a particular concern for on-site sewage treatment.  
Such systems depend on the drainfield soils providing much of the treatment by retarding sewage 
effluent flow through a surficial aerobic layer.   
 
Unfortunately, soils beneath Carlsborg are usually Type 1; which are very coarse grained, drain 
rapidly, and do not retard the drainfield effluent flow long enough for effective treatment to 
occur.  As a result, the septic effluent tends to travel vertically through the soil column into the 
aquifers, which results in elevated nitrate levels reaching the groundwater. 
 
 
3.3 Previous Studies and Documentation 
 
A list of previous studies and documents consulted during preparation of this Feasibility Study is 
provided in the Bibliography.  Several of these past documents were found important in 
formulating a feasible approach for a sewer system in Carlsborg.  However, the benchmark for 
comparison purposes is the ‘Carlsborg Comprehensive Sewer Study’, dated December 1994.   
 
Some of the key findings from the 1994 effort are summarized in Table 1 based on the number of 
equivalent residential units (ERU) for initial operations and at build-out conditions using a 
sequencing batch reactor (SBR) as the treatment process. 
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Table 1 

Summary of 1994 Study Data 
 

Carlsborg Study Area 
  Area = 680 acres Initially 365 ERU in 1998 Build-out 705 ERU 
 
 Estimated Project Cost – in 1994 dollars 
  Sewer Collection System    $ 3,552,000 
  Sewage Treatment & Disposal System  $ 3,249,000 
   Estimated Total Cost (1994 dollars)  $ 6,801,000 
  Notes 1) SBR Treatment with effluent discharged to Clallam Irrigation Ditch 

2) Projects costs elements only allowed at 21 % above construction 
3) On-site sewer connection cost excluded, estimated at $ 1,810 each 

 
 Escalation to Present Costs – in 2006 dollars 
  Construction Cost Escalation 1994 to 2006 = 148 % 
  Escalated Total Project Cost in 2006 Dollars = $ 10,120,000 
   On-site sewer connection costs additional 
 
 Costs per Connection 
  Four Assessment Scenarios varied from $ 500 to $1,000 annually per ERU 

Monthly O & M estimated from $ 35 to $ 87 per ERU 
 
The ‘urban growth management area’ studied in 1994 was larger than the UGA subsequently 
adopted, as it included additional parcels east of Mill Road and north of Gupster Road.  The 
current UGA is about 120 acres less.  The 1994 plan also envisioned sewer service eventually 
encompassing all property between Brueckner Road north to the Old Olympic Highway, and east 
from Kitchen Dick Road to the Gilber Road-Grandview Drive alignment. 
 
The ‘project costs’ estimated in 1994 and shown in Table 1 would have been sufficient to 
prepare the system design and oversee construction; however, the estimate omits costs for 
various permits, land acquisition, formation of a local improvement district, financing, and 
various related activities that would have been required even in 1994.  More extensive 
requirements now exist due to additional regulation and changed conditions. 
 
The ‘Carlsborg Capital Facilities Plan’, initially dated October 1998 and subsequently December 
2000, was an update of the 1994 document with the service area revised to become the ‘proposed 
urban growth area’, which is the UGA subsequently adopted.  Sewer service was considered in 
three scenarios.  The 1998 document shows the estimated project cost for the Scenario 1 
(essentially the commercial/industrial area along Carlsborg Road and US 101) sewerage 
collection system as $ 2,641,000.  Treatment and disposal costs were additional and in the range 
of $ 6,708,000 to $ 6,916,000.  The estimated total project cost for the Scenario 1 sewerage 
system was therefore in the range of $ 9,349,000 to $ 9,557,000.  However, the estimate 
provided only 20 percent for project cost items, which is insufficient to fund the ancillary studies 
associated with initiating a new sewer system, nor were the costs of forming an LUD included. 
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The ‘Engineering News Record’ Construction Cost Index for Seattle in December 1998 was 
6957.81.  In November 2006, the Index was reported at 8655.83, which is an increase of 24.4 
percent.  The escalated project cost estimate for the 1998 Scenario 1 sewer system would 
therefore be $ 11,630,000 to $ 11,946,000 in 2006 dollars.   
 
As noted, the very limited project cost elements included in the estimates for both documents 
significantly understates the actual costs required to implement the system described.  For 
instances, the costs associated with abandoning the existing on-site sewage systems and 
installing side sewers was estimated at $1,810 per unit ($2,250 in 2006 dollars), but these costs 
are not included in the total project cost estimate. 
 
Both previous Plans envisioned that the treated wastewater would be discharged to the 
Dungeness River or to an irrigation ditch under an NPDES permit; however no costs were 
included for acquisition of that permit.  In any event, the regulatory climate has changed.  It is 
unlikely that a new NPDES permit would be issued for a point discharge to surface waters in the 
Carlsborg vicinity for wastewater treated only to secondary standards, or maybe to any standard. 
 
Possibilities for reclamation of wastewater and reuse were not considered or addressed. 
 
Connection to the City of Sequim sewer system was considered in these previous studies.  The 
resulting cost analyses for both the 1994 and 1998 Plans concluded that a local sewer system 
would be more cost-effective than sewer service by the City of Sequim.  The alternative of 
connecting Carlsborg to Sequim was analyzed again during preparation of this Sewer Feasibility 
Study with similar conclusions. 
 
3.4 Groundwater and Aquifer Concerns 
 
The hydrologic conditions underlying Carlsborg and the Dungeness River valley can be 
described as summarized below with varying unit thicknesses, elevations, and permeabilities: 
 
 Unit 1 – permeable surface aquifer    about 50 feet thick 

Unit 2 – aquitard of limited permeability  25 to 50 feet thick 
Unit 3 – permeable intermediate aquifer  starts 0 to 25 feet above MSL 
Unit 4 – aquitard of limited permeability 
Unit 5 – permeable lower aquifer   starts 50 to 100 feet below MSL 
Unit 6 – undifferentiated material 
Unit 7 – bedrock  

  
Nitrate concentrations in the groundwater are an ongoing concern within Carlsborg and vicinity.  
Two significant public health concerns are associated with nitrates: 

• Methemogoblinemia is a disorder which reduces the oxygen-carrying capacity of 
hemoglobin in the blood of infants less than six months of age – often known as ‘blue 
baby syndrome’, though the condition can affect anyone at any age. 

• High incidences of stomach and esophageal cancer may be correlated with high levels of 
nitrates and nitrites, which may be a particular concern for elderly people. 
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Federal drinking water standards require potable water to have less than 10 mg/L of nitrates.  
However, the State of Washington anti-degradation policy prohibits any discharge to 
groundwater from significantly increasing pollutants linked to public health or environmental 
concerns. 
 
Clallam County has been concerned about the nitrate levels in drinking water at Carlsborg for 
some time, as documented in two reports prepared for the County: 

• ‘Groundwater Quality in the Agnew and Carlsborg December 2000 – September 2002’, 
April 2003, was prepared by the Department of Ecology and the US Geological Survey.   

• ‘Groundwater Monitoring for Nitrates in the Agnew-Carlsborg Area, July 2004, was 
prepared by Clallam County Environmental Health Services. 

 
The July 2004 study documented tests results for samples from 125 wells.  Most of these wells 
draw from Unit 1. At least three wells within Carlsborg or close by have tested nitrate levels 
exceeding 10 mg/L.  The maximum concentration found was 18.9 mg/L. 
 
Most public and private wells in the area have recorded nitrate levels that are significant, though 
low single digit and well below the 10 mg/L standard.  This includes the PUD well from the Unit 
3 aquifer at about 170 feet below ground surface.  This well is into the middle aquifer, which is 
separated from the Unit 1 aquifer by the 25 to 50 foot thick aquitard of Unit 2.  This sampling 
record is summarized in Table 2.   
 

Table 2 
Nitrate Sampling Results for PUD Carlsborg Well 

 
Sample Date  Nitrate mg/L 
18 May 90   1.3 
28 Sep 94   1.6 
25 Jan 95   1.6 
7 Aug 96   1.5 
18 May 98   2.6 total nitrate/nitrite 
7 Jun 99   2.5 
8 May 00   2.5 
9 May 01   1.9 

   9 Apr 02   1.9 
3 Apr 03   1.9 

   4 May 04   2.0 
   3 May 05   2.1 
   16 May 06   1.9 
 
The Table 2 records have shown an upward trend in nitrates levels over the years so that recent 
tests results are about a third higher than tests from 15 years ago, though lower than were 
recorded a few years ago.  These sampling results are shown graphically in Graph 1. 
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Graph 1 - Nitrate Sampling for PUD Carlsborg Well
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Nitrates are a chemical compound without a DNA marker that allows the specific pollutant to be 
traced.  Consequently it is not possible to establish with certainty how much of the increasing 
nitrate level is due to septic drainfield effluent; versus how much is from other human activities 
like lawns, pets, landscaping, or stormwater; and how much is from agricultural fertilizer, 
livestock wastes, wildlife, or other sources.   
 
However, water quality in Hood Canal has been studied extensively by the Department of 
Ecology, University of Washington, and others.  The Puget Sound Action Team and the Hood 
Canal Coordinating Council released the ‘Preliminary Assessment and Corrective Action’ 
(PACA) in May 2004 that focused on dissolved oxygen levels in Hood Canal.  The PACA 
concluded that nitrogen played a key role in depleting Hood Canal oxygen, and that the largest 
source for nitrogen was the on-site sewage systems bordering Hood Canal.  The PACA estimates 
human sewage contributes from 33 to 84 percent of the anthrogenic nitrogen entering Hood 
Canal.   
 
The contribution of nitrogen from on-site septic systems to groundwater at Carlsborg may be of a 
similar magnitude (though no documentation of this has been developed).  If so, a public sewer 
system for the UGA is the best method to reduce nitrate concentrations in the groundwater, 
which is the potable water source for most private wells in the area. 
 
 
3.5 Existing On-Site Sewer Systems 
 
All developments existing within Carlsborg are currently served by on-site sewage systems.  
New on-site sewage systems and all system repairs are required to use enhanced on-site 
treatment devices to achieve a minimum reduction in nitrate discharge of at least 50 percent in 
accordance with Clallam County Code 33.20.060.  However, most existing on-site systems 
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continue to use older, less effective technology.  Many of these older systems are believed to be 
under sized and do not conform to modern standards. 
 
Even new on-site systems meeting Clallam County standards for Carlsborg remove only half of 
the nitrate load.  The remainder still is discharged into the aquifer and form part of the drinking 
water for some residents.  Yet these systems work only if properly operated and regularly 
maintained; otherwise the treatment goals will not be met. 
 
In accordance with new on site septic requirements from Chapter 246-272A WAC, Clallam 
County has been developing a program to inventory, inspect and enforce on site septic systems 
for proper operation to protect public health and the environment. The County has an active On-
Site Septic Program with an On-Site Septic Work Group meeting regularly to develop the 
requirements for a number of related programs, some of which are outlined below: 

• Provide protection for sensitive areas 
• Develop recommendation for on-site system inspections 
• Identify all on-site systems within Clallam County 

 
As documented in the report from the Carlsborg Community Advisory Council to the Clallam 
County Board of Commissioners, 17 June 2002, the community desires to extend the life of 
existing on-site sewerage systems for as long as possible.  This position was extended the 
‘Recommendations of the Carlsborg Community Advisory Council’ dated February 2003 with 
specific recommendations to improve the performance on on-site systems.  Continued use of on-
site sewage systems in endorsed in the ‘Carlsborg Capital Facilities Plan’, dated October 1998. 
 
Several community on-site sewerage systems exist within Carlsborg that are operated by private 
entities.  These existing systems are summarized in Table 3 and shown on Figure 6. 
 

Table 3 
Existing Community Sewerage Systems 

 
Community Existing Homes On-Site Systems 

Parkwood 187 33 
Carlsborg Mobile Estates 51 1 
Green Acres 49 1 
Alta Vista 26 3 

 
The Greywolf School has an on-site sewage system with three pods, each designed for 3,500 
GPD and 10,500 gallons per day (GPD) in total.  The existing commercial and industrial 
developments within Carlsborg have on-site sewage systems with design capacities ranging from 
100 to 7,000 GPD. 
 
A modern on-site sewage system able to reduce nitrates by at least 50 percent is reported to cost 
about $ 17,000 to $ 20,000 to construct for a typical single family home in the Carlsborg area 
during 2006, plus $ 3,000 to $ 5,000 additional in design and permit fees.  The total cost is 
therefore about $ 20,000 to $ 25,000 per single family home. 
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Figure 7 shows a comparison between how a standard on-site septic system work in loamy soil 
(Type 1 or 2) in comparison with the gravely Type 1 soils in Carlsborg that do not allow 
effective treatment before the effluent reaches the aquifer.  An on-site system meeting Clallam 
County standards is also shown. 
 
 
3.6 Clallam PUD Water Supply Data 
 
The Carlsborg Water System operated by the PUD has three wells.  The principal well is located 
in the Carlsborg Industrial Park with a depth of 177 feet below the ground surface.  It has a 10 hp 
motor and can pump 300 GPM.   
 
The PUD also has two wells on Smithfield Drive in the Sequim Valley Tract, though neither is in 
current use.  Well No. 1 is 163 feet deep with a capacity of 35 GPM and a water right for 16.8 
acre-feet annually.  Well No. 2 is 298 feet deep with a capacity of 75 GPM and a water right for 
72 acre-feet annually. 
 
The statistics reported for water operations in recent years are shown in Table 4, with Table 4A 
showing the comparison between annual, summer, and winter water demands reflected in the 
water bills to residential and non-residential customers in relation to the total water produced 
from the principal PUD well.  The difference between water produced from the well and water 
billed to customers is the measure of lost or unaccounted water from the system because of pipe 
leaks, flows from fire hydrants, and used for maintenance like pipe flushing. 
 

Table 4A 
Clallam PUD – Carlsborg Water System 

Average Water in GPD 
 

Month & Year Residential Non-Residential Total Billed Produced 
2004 Annual Avg 24,045 36,340 60,385 66,265 
Apr to Sep 04 avg 31,703 45,690 77,393 82,623 
Oct to Mar 04 avg 16,345 26,938 43,283 49,816 
     

2005 Annual Avg 23,146 38,259 61,405 69,744 
Apr to Sep 05 avg 28,602 43,421 72,023 82,779 
Oct to Mar 05 avg 17,659 33,069 50,728 56,638 

 
Table 4B focuses on winter water use when little irrigation occurs and most water billed can be 
anticipated to become wastewater, except for some industrial use. 
 
The comparison between water used during April through September with water used from 
October through March as shown in Table 4A indicates the potential potable water savings that 
might be achieved through reuse of reclaimed water for irrigation and other non-potable uses.  
Summer residential water use is 94 percent above winter use.  Non-residential summer water use 
is 79 percent above winter use.  Not all of this seasonal use can be saved through reuse of  
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reclaimed water, though the potential is clear – and it might even be possible for a reuse water 
system might even reduce the winter water use. 
 

Table 4B 
Clallam PUD – Carlsborg Water System 

Winter Water Use per Customer in GPD 
 

Month & Year Residential Non-Residential Total Billed Produced 
January 2004 133.6 385.5 39,078 49,054 
February 2004 117.3 485.3 45,927 44,479 
March 2004 120.7 388.0 37,690 50,357 
October 2004  119.5 476.0 45,172 52,770 
November 2004 131.4 498.6 48,525 52,983 
December 2004 118.3 456.6 43,729 48,837 

Average 123.5 449.8 GPD per customer 
     

January 2005 131.4 463.1 46,457 49,030 
February 2005 104.9 389.6 38,316 48,887 
March 2005 121.2 441.2 48,831 52,891 
October 2005  169.8 744.8 70,522 63,966 
November 2005 116.5 564.8 51,602 60,812 
December 2005 123.7 537.0 54,473 63,628 

Average 127.9 523.4 GPD per customer 
 
 
The number of residential customers during 2004 varied from 127 to 138; and during 2005 from 
135 to 142 customers.  Non-residential customers varied from 57 to 62 during 2004; and from 62 
to 65 during 2005.  The average residential water bill was $ 35.56 for July 2005. 
 
The residential water use as shown in Table 4B averaged about 124 gallons per day (GPD) per 
customer during the winter of 2004 and 128 GPD during the winter of 2005.  The two-year 
winter average is about 125 GPD per residential customer.  Commercial accounts averaged 450 
GPD each during 2004 and 523 GPD each during 2005. 
 
Several of the non-residential customers have significant water demands as shown in Table 5, 
though these water uses may not translate directly into wastewater flows. 
 

Table 5 
Major Non-Residential Water Customers in 2005 

125 GPD per Residential Equivalent 
 

Customer Total Cubic Feet  Average GPD Residential Equivalents 
Olympic Springs 358,395 7,345 58.8 
Greywolf School 217,846 4,464 35.7 
Sequim Chevron 158,156 3,241 25.9 
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Customer Total Cubic Feet  Average GPD Residential Equivalents 

Mark D Smith 79,178 1,623 13.0 
Sunny Farm Store 64,649 1,325 10.6 
Flippers Restaurant 60,994 1,250 10.0 
PUD Operations Center 50,870 1,043 8.3 
Ted McDonald 36,068 739 5.9 

 
Much of the Olympic Springs water consumption goes into their bottled water product and 
would not enter a sewer system.  Some of the Greywolf School water use may be irrigation. 
 
The PUD water service area established by a local utility district (LUD) includes about half of 
the Carlsborg UGA, plus a significant area outside the UGA.  The principal water source for the 
PUD is a well created through a water right application as documented in the ‘Construction and 
Testing Report’ date June 1990 by Northwestern Territories Inc. and the ‘Report of Examination’ 
by the Department of Ecology dated January 8, 1992.  These documents comprise Appendix A.  
The water right appropriation was 393 acre-feet per year with a maximum withdrawal rate of 320 
GPM.  The Report of Examination directs the PUD to encourage property owners to use 
irrigation water rights where available for lawn watering and similar non-potable functions with 
the goal of minimizing further withdrawals from the aquifer and impacts to the Dungeness River. 
 
The water right for the principal well represents an average use of 350,800 GPD throughout the 
year.  Use during 2004 averaged 66,265 GPD and 69,744 GPD during 2005. Therefore, the 2005 
use was about 20 percent of that water right.  The three wells available to PUD in Carlsborg have 
a combined water right of about 481 acre-feet annually, for an average allowance of about 
429,000 GPD.  On that basis, the approximately 70,000 GPD produced during the year 2005 
represents about 16.3 percent of the water rights available. 
 
However the PUD believes the existing water right may be insufficient to support service to the 
entire UGA and adjacent LUDs into the future.  Additional water rights are required, together 
with low impact development strategies, and are essential to support the UGA development to 
the land use density envisioned by Clallam County.  This is a significant challenge because the 
Dungeness River and the related aquifer is currently being treated like a ‘closed’ system, 
meaning Ecology is not issuing additional water rights. 
 
The PUD also has concerns regarding the ability of their Carlsborg water system to meet peak 
day demands.  Some additional storage may be required to supply peak day demand, though 
water system efficiency improvements, such as reusing reclaimed water for outdoor and other 
non-potable purposes may result in a more manageable peak demand. 
 
3.7 Additional Water Right 
 
Generally speaking, only a few possibilities are available for the PUD to acquire additional water 
rights: 
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• Local irrigation districts and companies could sell some of their water rights to the PUD; 
however, these agencies do have obligations to provide water to their service areas.  
Transfer of a part of their water right may be difficult. 

 
• Reuse of wastewater reclaimed for irrigation within the Carlsborg UGA may significantly 

lower the maximum potable water use during the summer. 
 

• Acquisition of existing water rights by assumption of existing exempt wells, in general, 
means the PUD would gain only sufficient water to serve those existing users.  Ecology 
has granted only about 400 GPD (out of a legal maximum of 5,000 GPD) when exempt 
wells have been consolidated into the PUD water right.  This means that consolidating 
exempt well users into the PUD system provides little additional water for new 
customers. 

 
• Improved efficiencies in existing water use may be possible.  The PUD adopted an 

inverted block rate structure recently to encourage conservation.  However, peak water 
use is currently about three times average use. This indicates that some further efficiency 
in water use may be achievable.   If so, there may be opportunities to expand the water 
service area to some degree. 

 
• Some private wells may exist within reasonable distances from Carlsborg that might be 

purchased, though none have been identified to date. 
 
Wells withdrawing less than 5,000 GPD from the aquifer are exempt from the requirement to 
obtain a water permit; and may serve up to six private homes or the commercial equivalent.  
Some privately owned wells are larger and may serve developments with dozens of homes or the 
commercial equivalent, or be used for non-potable purposes such as irrigation.  A number of 
such wells exist within the UGA, most into the Unit 1 or upper aquifer; and several reportedly 
have concerns with rising nitrate levels.  Where property owners are interested, water service 
could be provided by the PUD and Ecology will credit the change as an addition to the PUD 
withdrawal right at about 400 GPD per home. 
 
The severe limitations in acquiring existing water rights as indicated above shows the appeal of 
trading reclaimed water for added water rights.  Conceptually, water could be withdrawn from a 
lower aquifer, such as Unit 3 or Unit 5, with only minor impact on the Unit 1 aquifer or the 
Dungeness River.  After potable use, the sewage would be collected and treated to ‘Class A’ 
standards (which is generally of higher quality than Dungeness River water), and reused to 
augment flow in the Dungeness River or Matriotti Creek.  The augmentation quantity would be 
several multiples of any affect the withdrawal would have on the surface waters.  A net 
environmental benefit would result, such as an improved habitat to aid recovery of endangered 
species such as salmon.  Also and in part, the improved quality of the returned reuse water for 
this approach would also mitigate any withdrawal quantity impact to the Dungeness River. 
 
The PUD did apply in August 2006 for an additional 510 GPM in water rights to be drawn from 
the existing well.  Applications are processed by the Department of Ecology in the order 



  Sewer Feasibility Study 

July 2007  BHC Consultants 30

received.  Several dozen applications are pending ahead of the Clallam PUD.  Four criteria are 
used by the Department in processing an application for a water right: 

1. The water must be for beneficial use 
2. Water must be available from the source identified 
3. Existing water uses from that source must not be impaired by the new withdrawal 
4. Proposed use must not be detrimental to the public interest. 

 
The Department of Ecology has indicated that a number of complexities exist and must be 
resolved regarding any proposal by the PUD to withdraw water from Unit 3 for potable use, 
collect the resulting sewage, treat the wastewater to ‘Class A’ standards, and reuse the water to 
augment flow in the Dungeness River or another water body in the Carlsborg vicinity.  Some of 
these issues are summarized below: 
 a. The Dungeness River is currently being treated like a ‘closed’ system, meaning  
   no new or additional water rights are being issued in the basin. 
 b. Withdrawal from a deeper aquifer (Units 3 and 5) may affect a large area. 
 c. Several ‘windows’ are known to exist as connections between Units 1 and 3. 
 d. Some water must be reserved or ‘banked’ for future uses. 
 
The ‘Report of Examination’ for the existing PUD well states that ‘ the upper confined aquifer is 
isolated from the water table aquifer’ and ‘no depletion of Matriotti Creek (one half mile away) 
or the Dungeness River (one mile away) will occur’. 
 
This statement is supported by the ‘Construction and Testing Report’ which monitored three 
shallow wells in the vicinity during the test pumping and found none of the wells showed 
measurable drawdown.  The Report also noted significant differences in water quality between 
the upper aquifer (Unit 1) and new well (Unit 3), which was a clear indication of separation 
between the two strata. 
 
Furthermore, the Plan for WRIA 18 says that water withdrawals from Units 3 and 5 have less 
affect on the Dungeness River than similar withdrawals from Unit 1.  However, the magnitude of 
this difference has yet to be established.  If agreement can be reached on the extent of 
connectivity between the aquifer units, then a new water right may be possible at some future 
date for a reuse concept as envisioned by the PUD. 
 
Transfer of irrigation water rights into potable uses is possible.  However, irrigation companies 
have a service area and properties within that boundary are entitled to receive irrigation water. 
Changes in land use or crops for specific parcels within the service area may change the 
irrigation use for that parcel but do not necessarily mean irrigation water becomes available for 
transfer to potable use. 
 
Transfer of an irrigation right encumbered to a specific parcel would be easier.  The process 
requires defining the average consumptive use (ACQ) in the highest two of the past 5 years.  
Since different crops are planted in different years, this calculation is challenging for large areas, 
though it is manageable for small, discrete fields where records may be more available. 
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3.8 Environmental Concerns 
 
Health concerns due to elevated nitrates in the ground water have been noted earlier.  
‘Groundwater Quality in the Agnew Carlsborg Area’ by the Department of Ecology and the US 
Geological Survey, April 2003 reported on the quarterly monitoring of eight wells (Dec 00 
through Sep 02) and found nitrogen concentrations ranging from <0.01 to 4.58 mg/L.  Three of 
the wells showed statistically significant increased concentrations during this period, and one 
decreased.  However, more recent tests, including the 2004 monitoring by Clallam County 
Environmental Health Services, seem to indicate further increases in nitrate levels.  At least one 
well within the UGA recently tested above 10 mg/L in while samples for the same well from a 
few months earlier had recorded 7 mg/L and a year ago were about 3 mg/L. 
 
Improved public health is a valid reason to grant an additional water right to the PUD for the 
Carlsborg system; but only to relieve the concerns for existing customers.  Ecology stated in a 
meeting on January 24th 2007 that an additional water right cannot be issued on a public health 
basis simply to facilitate growth and development. 
 
The ‘Groundwater Quality’ report also stated that precipitation in the Carlsborg area was 
believed to contribute an average aquifer recharge of about 3.5 inches annually, while irrigation 
provided an average of 4.5 inches.  Installing irrigation piping in place of ditches appears to be 
reducing leakage from the irrigation ditches and the proliferation of exempt wells seems to be 
lowering the typical groundwater level. 
 
Low summer dry weather flows in the Dungeness River are perhaps the principal environmental 
concern in the Carlsborg vicinity.  Table 6 summarizes some of the data available. 
 

Table 6 
Dungeness River Flow in CFS 

 
Parameter 2004 2005 2006 

Daily Mean Maximum 3,020 2,210 2,490 
Daily Mean Minimum 77.9 58.6 70.3 
Annual Mean 351 268 415 
Annual Median 272 169 253 

Note: 1 cubic foot per second (CFS) is about 449 gallons per minute 
 
Excessive low flows impact the aquatic habitat as well as the riparian habitat along the river 
banks.  Low flows in the river result from several factors: 
 

• Five irrigation agencies have water rights to withdraw up to 500 CFS (cubic feet per 
second) from the river for irrigation.  Withdrawals in recent years have been significantly 
less than this water right allows as conservation measures have been implemented, but 
the quantity withdrawn is still significant. 
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• Some stretches of the river lose water into the soils comprising the river banks.  This 
water loss does replenish the local aquifers, but the quantity removed from the river 
depletes the stream flow available for fish and riparian habitat. 

 
• River channels have been altered by floods and levees.  Now more flow is needed to fill 

the wider or deeper channel and side-channels to provide habitat for Chinook salmon 
spawning. 

 
As noted above, existing irrigation ditches leak a significant quantity of the water passing 
through them.  Most ditches are being upgraded by installing pipes to reduce the water loss.  
Water lost from irrigation ditches is not considered consumptive use, but is part of the return 
flow in that it enters the Unit 1 aquifer and is not considered ‘degraded’. 
 
The instream flow rule-making process is proceeding for WRIA 18.  Ecology formed the 
Dungeness River Executive Committee which meets regularly to provide input for developing a 
water supply strategy including at least the following components: 

• Growth occurring within WRIA 18 for residences, businesses, and institutions 
• Community wants to retain an agricultural economic base 
• River has water quality, quantity, and habitat concerns for endangered species 
• Tribal rights must be included in any process 
• Existing infrastructure imposes certain definable constraints 

 
Not enough water exists for all desired uses, so conservation is essential. 
 
 
3.9 Neighboring Sewerage Agencies 
 
The Jamestown S’Klallam Tribe is proceeding towards construction of a sewerage system to 
serve the 7 Cedars Casino and allow further expansion of the economic potential at this resort.  
The Tribe owns about 700 acres in several parcels and eventually intends to construct additional 
community sewerage facilities to serve other planned developments. 
 
Lower Elwha Klallam Tribe presently has most of its development using on-site sewage systems 
for parcels adjacent to the Elwha River.  The two existing dams on this river are scheduled to be 
removed within a few years.  When that occurs, the ground water for the presently developed 
area is expected to rise and cause most of the existing on-site system to fail.  Accordingly, the 
Tribe is developing a community sewerage system to protect their public health, and the system 
may connect to the City of Port Angeles sewer system. 
 
Sunland Sewer District served 950 residential lots.  The sewer system originated during the 
1970s with a sewage lagoon.  The District currently operates a sequencing batch reactor 
wastewater treatment facility producing ‘Class D’ reclaimed water for summer flows averaging 
90,000 GPD and winter flows averaging 120,000 GPD.  The effluent is applied through spray 
irrigation to about 22 acres of adjacent pasture.  However this application practice does not meet 
current Ecology standards.  The District intends to upgrade their system to achieve ‘Class A’ 
water quality.  Current sewer rates are $ 31 monthly. 
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City of Sequim operates a treatment facility producing ‘Class A’ reclaimed water with an annual 
average flow of about 500,000 GPD.   The City population estimated at 5,030 in April 2006.  
The reclaimed water is currently used for recreational purposes in Carrie Blake Park and some 
landscape irrigation.  The monthly sewer rate is about $ 37 for in-city customers, while outside 
customers pay an additional 50 percent surcharge. 
 
City of Port Angeles has a population estimated at 18,970 in April 2006.  The City operates a 
secondary wastewater treatment facility with effluent discharged in the Strait of Juan de Fuca.  
The City also operates a sludge processing facility.   
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4 Projected Population and Flows 
 
 
4.1 Historic Population 
 
The Washington State Office of Financial Management (OFM) records show the Carlsborg 
GMA with a population of 806 people from the 2000 Census and 602 people in 1990.  There 
were 427 occupied homes in 2000, all but 49 being owner-occupied.  The occupancy rate 
reported in the 2000 Census for owner-occupied dwellings was about 1.85 people per home.  
There were additional 34 housing units reported as vacant and 5 units for seasonal, recreational, 
or occasional use. 
 
Employment within the UGA was reported to be about 240 people in the 2000 Census.  The 
median household income was reported to be $ 28,103.  
 
The 1990 and 2000 Census data, together with the OFM ‘Small Area Estimate Programs’, 
indicate the historic population for Carlsborg has grown about 2.0 percent annually.  The April 
2005 population estimate was 828 people for the Carlsborg UGA.  The population gain of 2.3 
percent over 5 years is an average increase of about 0.5 percent annually.  However, the 2.0 
percent gain since 1990 appears realistic for long-term planning, and does correlate with the City 
of Sequim experience. 
 
Port Angeles presently has about 28 percent of the Clallam County population, but is growing 
only about 0.5 percent annually since 2000.  The City of Sequim had a population of 4,334 in 
2000 and had reached an estimated 5,030 people by April 2006, which is an average annual gain 
was about 2.5 percent.  General indications are that the future population increase within the 
County will generally be east of Port Angeles.   
 
 
4.2 Land Use 
 
Figure 4 shows the existing land use for Carlsborg as adopted by Clallam County.  Generally, 
residential densities are limited to 2 housing units per acre, or about ½ acre per home.  However, 
a number of homes have been developed on much smaller lots as allowed before the GMA was 
established.  A few parcels are within areas that allow some higher densities.  All existing 
developments use on-site sewage systems.  State regulation for public health now require at least 
12,500 square feet per lot for approval of any new on-site sewage system. 
 
Figure 8 shows the future land use plan as envisioned by Clallam County in the ‘Carlsborg UGA 
Buildout’ revised April 2007.  Clallam County is likely to consider increasing the allowable 
housing density to at least 4 units per acre, and maybe higher, should a sewer system be built for 
Carlsborg.  However a specific land use plan for sewers within the UGA has not been prepared. 
 
Four units per acre are often considered to be the minimum density needed to make construction 
of a sewer system economically feasible.  Many communities with sewer systems planned for  
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urban densities allow multifamily developments within at least part of the service area.  
Multifamily densities are usually at least 12 units per acre, and may allow up to 24 units per acre. 
It is anticipated that with a sewer system, some parcels along Carlsborg Road will eventually be 
developed at multifamily densities. 
 
Non-residential land use densities are challenging to translate into projected wastewater flows.  
Such developments are usually described in terms of equivalent residential units (ERU).  Parcels 
are evaluated by land use zoning to establish expected floor area ratios (FAR) of commercial 
structure to total parcel area to allow for parking, landscaping, surface water management, and 
sensitive area.  Employment is estimated from the resulting floor area, and wastewater flow rates 
are estimated from the type land use.  The results are usually summarized in ERU. 
 
Clallam County has designated about a dozen zoning designations as applicable to various 
parcels within Carlsborg as shown on Figure 8.  Clallam County has refrained from developing a 
land use plan based on sewer service for Carlsborg pending a decision on when such sewers 
would be built and how the system is funded, which could affect land use planning.  Clallam 
County has stated that when sewers become available, the allowed residential densities will be at 
least 4 units per acre, and maybe more. 
 
For sewerage planning purposes, the specific zoning for various parcels is not as significant as 
the development density that may eventually be allowed. Accordingly, the potential number of 
residential units at build-out was estimated, while recognizing that most parcels within the 
present UGA are constrained by the presence of existing structures or other limitations.  An 
attempt to summarize these potential land uses is shown in Table 7. 
 

Table 7 
Land Use within Carlsborg 
Build-out Potential in 2050 

 
Land Use Classification Acreage ERU Density Total Build-out ERU 

Single Family Residential 162.9 3.5 570 
Potential Multifamily Residential 48.0 12 576 
Mobile Home Parks 78.0 4.7 367 
Commercial 72.9 12 875 
Industrial 87.1 8 697 
Public 41.0 2 82 

Total 489.9 --- 3,560 
 
Total acreage shown in Table 7 is only about 490 acres, while the UGA encompasses about 560 
acres.  The 70 acre difference is primarily public rights-of-way for streets.  The build-out 
population capacity for the three residential classifications is about 2,640 people, assuming that 
single family occupancy remains about the current 1.9 people per home, and that multifamily 
occupancy averages about 1.5 people per unit.  However, build-out densities rarely achieve more 
than about 80 percent of the allowed development, which would be about 2,110 people. 
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4.3 Projected Population 
 
Clallam County projections show that Carlsborg will grow at about 2.15 percent to have about 
1,267 people by the year 2025.  However, utility capacity projections need to consider a longer 
timeframe, and a more severe worst case projection – not just what is actually expected. 
 
It may be useful to establish context for that projection through reference to projected economic 
factors for the Puget Sound area in general as summarized in Table 8 for data in recent years and 
projected future years. 

Table 8 
Puget Sound Economic Outlook 

Forecasted Percentage Change 
 

Parameter 2005 2006 2007 2008 
Employment 2.8 3.5 2.9 2.7 
Personal Income 1.4 9.1 8.1 6.9 
Retail Sales 7.0 7.1 6.5 6.1 
Consumer Price Index 2.8 3.9 3.0 2.6 
Housing Permits 9.9 2.5 0.5 2.7 
Population 1.0 1.3 1.8 1.7 

 Source:   The Puget Sound Economic Forecaster, December 2006 
 
Projections shown in Table 8 may or may not prove accurate.  In any event, the Puget Sound area 
of King, Pierce, Snohomish, and Kitsap counties had a population of about 3.5 million people in 
2006.  Clallam County population in 2006 was 67,800 people.  Of course Clallam County is not 
directly part of the Puget Sound economy; however, events in the Puget Sound area do directly 
affect Clallam County.   
 
Population within the Carlsborg UGA is projected for three levels of development to provide a 
time-line basis for estimating the sewerage facilities that may be needed: 
 
1. Initial Sewer Service Area would conceptually extend from west from Parkwood to 
Carlsborg Road, thence north across US 101 down Carlsborg Road to the northern boundary of 
the UGA, then east to the PUD Operations Base as shown in Figure 9.  This service area is 
similar to Scenario 1 as described in the ‘Carlsborg Capital Facilities Plan’, dated October 1998.   
Allowed densities are assumed to increase from the existing level, though not all parcels are 
expected to connect or be developed in the immediate future, which may extend through about 
the year 2020. 
 
2. Initial Service Area at Build-Out assumes that development would approach the 4 units 
per acre density envisioned by Clallam County to be allowed for Carlsborg if sewers become 
available.  This period may extend through about 2030, though the densities actually allowed by 
Clallam County may be increased before that date. 
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3. UGA Build-Out  Service Area would include the entire UGA as presently defined, 
though some changes in zoned land use are projected which would allow some parcels to be 
developed with at least 12 units per acre.  This expansion from the Initial Service Area would 
likely occur through several sewer extensions over at least a decade to create approximately the 
sewer collection system shown in Figure 9.  It is possible that the UGA may be expanded in 
future years; however the projections for this Study only consider the UGA as presently defined.  
Build-out densities may occur by about the year 2050. 
 
OFM projections indicate that Clallam County will gain about 12,000 people by the year 2025.  
That is an annual rate of about 0.9 percent annually.  However, Clallam County is planning for 
the high series forecast from OFM of about 20,000 people by that date.  The GMA requires 
growth to be concentrated in UGA’s, so the growth in Carlsborg should be higher than the 
Clallam County average.  Accordingly, 2.15 percent annually was assumed for Carlsborg.   
 
Table 9 summarizes projected population for Carlsborg and the sewer system for the above three 
development levels based on the growth rate derived above, and assumes that not all properties 
will be connected to the sewer even by 2050, or developed to the maximum residential densities 
shown in Table 7. 

Table 9 
Projected Population for the Carlsborg UGA 

 
Population Element 2020 2030 2050 

Carlsborg UGA 1,140 1,410 2,150 
Sewer Service Area 400 1,000 2,150 
Served by Sewers 380 800 2,000 

 
Comparison of Table 9 with Table 7 shows that only about 80 percent of the projected capacity 
for the existing UGA will occur by 2050.  In fact, the build-out ERU shown in Table 7 may or 
may not represent about the practical capacity for the Carlsborg UGA under presently envisioned 
zoning, since some properties in most communities are never developed to the allowed densities 
due to site constraints, owner preferences, and other factors. 
 
Non-residential development within Carlsborg is not reflected in Table 9; yet will contribute a 
significant share of the wastewater flows to the sewer system.  Non-residential water demand 
within the present PUD service area comprises two thirds to three fourths of the current total 
water demand.  The residential share of water use may increase as the community grows, and as 
the PUD water service area expands.  However, reuse of reclaimed water for irrigation and other 
non-potable purposes within the UGA may reduce future increases in residential water use, or 
even result in the use of less potable water. 
 
Comment received at the Second Public Meeting in February 2007 indicated some property 
owners within the Initial Service Area described above want to participate while others do not at 
this time.  Other property owners outside the Initial Service Area, though still within the UGA, 
want sewers.  Some of the opinions may change over time, and other owners will voice their 
thoughts.  The Initial Service Area as shown in Figure 9 was developed as a concept for this 
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Study.  It was revised as the Study progressed based on comment from the Second Public 
Meeting, and will be reconsidered further should a facilities plan be developed.  Many property 
owners expressed concerns about what sewers will cost them, and these concerns will affect how 
any initial sewer service area is defined. 
 
The population projections shown in Table 9 are based on the continuation of current 
demographic tends for the Dungeness Valley.  These demographics show the area is primarily a 
retirement community.  Most homes are owner-occupied, and occupancies average less than 2 
persons per home.  Multifamily units are normally much smaller than single family homes (600 
to 1,000 square feet) and occupancies are unlikely to average more than 1.5 persons except in 
unusual market or economic conditions.  In the Dungeness Valley, these are likely to be retired 
senior citizens, often living alone. Present trends and evidence suggests that these demographics 
will not change in the foreseeable future. 
 
However, higher occupancy rate are possible should economic conditions change.  Developers 
do seem willing to build in Carlsborg even at two units per acre.  The Dungeness Valley is 
widely perceived as one of the most appealing climates in the USA.  It is not inconceivable that a 
major employer could choose to locate there and that would change the demographics.  If so, the 
build-out population for the above land use could be as follows: 

570 Single family @ 2.3 persons/unit = 1,311 
 576 Mulifamily @ 2.0 person/unit = 1,152 
 400 Mobile home @ 2.0 persons/unit =    800 
  Possible Build-out Population  3,263 people 
 
The lower occupancy scenario is believed more likely during the foreseeable future; however 
some may believe that planning for a higher population is an appropriate investment. 
 
 
4.4 Projected Wastewater Flows 
 
Pipes installed for the Initial Service Area would be sized to convey the peak hour flow projected 
for the build-out development level of the entire UGA in about 2050.  Sewer extensions from the 
initial system are expected from time to time until every parcel within the UGA has direct access 
to a sewer main.  Wastewater flows are estimated from the following parameters: 
 
Domestic Sewage is estimated at 125 GPD per single family residence or mobile home.  This is 
the annual average day water demand derived from Table 2.  Normally, sewage flow would be 
discounted to only 90 or even 80 percent of the water demand, but the water use in Carlsborg is 
unusually low by comparison with other Western Washington communities.  Demographics from 
census records show many residents in Carlsborg to be elderly and retired living in small 
households.  As new development occurs, the PUD water system expands, and sewers enter 
service; average water use may increase; although the typical residential profile seems unlikely 
to change markedly.  Average household size is projected to remain below two occupants.  
Accordingly, engineering prudence indicates sewer capacity should be based on at least 125 
GPD per residence. 
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Commercial and industrial sewage is estimated from projected employment at 25 GPD per 
employee.  That average rate may be high for sewage from commercial/industrial facilities that 
are relatively ‘dry’ with little sewage generated other than employee restroom.  However, some 
facilities will generate substantial sewage loads as indicated in Table 5 by the water demands for 
several businesses. 
 
Infiltration and Inflow occurs even in new sewers, even in dry weather.  Studies have shown 
most extraneous flow originates on private property in the laterals and side sewer.  Sometimes 
this is due to faulty pipe joints and poor construction.  Roof downspouts, foundation drains, 
sump pumps, and other illicit connections also tend to occur over time.   
 
Acceptance tests for sewer exfiltration as defined in ‘Standard Specifications’, Washington State 
Department of Transportation, Section 7-17.3(2) provides a guide to the quantity of extraneous 
wastewater to be expected typically in the sewer after some period of service.  The criteria 
indicate about 150 GPD per acre will occur for ¼ acre developments.  Wet weather I/I will be 
larger, of course. 
 
Storm water will enter manhole lids and saturated ground will cause pipe joints to leak.  
Infiltration and inflow quantities are estimated for this Study at three levels based on measured 
flows in new sewer systems constructed in various Western Washington communities in recent 
years: 
 

• Average annual I/I is the extraneous water additional to sewage that leaks into the sewers 
on typical days through the year.  Most of this water is infiltration and is estimated to 
average 150 GPD per acre. 

 
• Wet weather infiltration will add 400 GPD when it is not raining during the winter 

months while the ground is saturated and some surface ponds remain between storms. 
 

• Storm induced flow during periods of significant rain may be an additional 500 GPD per 
acre, and the Peak Hour contribution may be about double that rate. 

 
The quantity of storm water entering a well-managed sanitary sewer system is usually a small 
fraction of the total precipitation recorded.  Even so, the quantity is usually significant.  Sanitary 
sewer systems are not expected to contain all extraneous water that may enter under any extreme 
condition.  However, overflows or significant surcharging should be rare and unusual in a 
sanitary sewer.  Accordingly, the infiltration and inflow allowances described are believed 
adequate to accommodate a 10-year storm event. 
 
Annual Average Day Flow is computed for the connected development at the annual average 
domestic sewage rate defined above, plus the average annual I/I flow of 150 GPD per acre. 
 
Average Day Flow during the Maximum Month is the usual design parameter for many 
wastewater treatment components.  The maximum month for wastewater flow is usually related 
to the wettest month of the year, and particularly to the period when the groundwater is highest 
or most saturated.  It also accounts for seasonal and peak organic loads.  For hydraulic 
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computations, the average day during wet months (on days without rain) is the average domestic 
sewage flow plus the wet weather infiltration at 400 GPD per acre. 
 
Peak Day Flow is related to major storm events occurring when the ground is essentially 
saturated.  Peak wastewater flows are not usually in direct response to peak potable water 
demands.  Peak day flow is estimate as average wet weather day plus storm induced flow for a 
day experiencing a 10-year storm event. 
 
Peak Hour Flow forms the criteria used in defining the maximum hydraulic capacity required, 
such as for the sewer collection pipes.  Peak domestic sewage is assumed to be double the 
average day rate, and is added to the average wet day flow plus twice the storm induced daily 
flow for a 10-year event.  
 
Projected wastewater flows for the Carlsborg UGA are computed from the above parameters as 
summarized in Table 10 for anticipated connections to the initial sewer system by about 2020. 
 

Table 10 
Projected Wastewater Flows for 2020 

 
Land Use Units Unit Flow GPD Total Flow GPD

Single Family Residences 20 homes 125 3,000 
Multifamily Residences -0- --- --- 
Mobile Homes 180 homes 125 23,000 
Commercial employees 100 25 3,000 
Industrial employees 80 25 2,000 
Public 20 ERU 125 3,000 

Subtotal --- --- 34,000
Acreage & average day I/I 160 acres 150 24,000 

Average Day Total Flow --- --- 58,000
Wet Month Infiltration 160 acres 400 64,000 

Average Day Wet Month  --- --- 122,000
Storm Induced Flow 160 acres 500 80,000 

Peak Day Flow --- --- 202,000
Peak Hour Flow --- --- 292,000

 
Conceptually, it was envisioned for Table 10 that all home within Parkwood and about 20 
existing residences along or near Carlsborg Road would be connected to the sewer by the year 
2020.  These 200 residences with occupancies averaging 1.9 persons would result in a served 
population of about 380 persons, which is the projection shown in Table 9.  Connection of other 
land uses is less certain.  Several commercial property owners have expressed support for 
building a sewer system, though that does not assure connection, and site specific employment 
data is not available.  Consequently, the units of other land uses shown as served are assumed. 
 
No attempt has been made to identify the actual properties that will be developed and served 
with sewers by 2030.  However, using the values shown in Table 7, 9, and 10, the projected 
wastewater flows for 2030 were developed as summarized in Table 11. 
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Table 11 
Projected Wastewater Flows for 2030 

 
Land Use Units Unit Flow GPD Total Flow GPD

Single Family Residences 60 homes 125 8,000 
Multifamily Residences 80 homes 80 6,000 
Mobile Homes 300 homes 125 38,000 
Commercial employees 200 25 5,000 
Industrial employees 150 25 4,000 
Public 50 ERU 125 6,000 

Subtotal --- --- 67,000
Acreage & average day I/I 240 acres 150 36,000 

Average Day Total Flow --- --- 103,000
Wet Month Infiltration 240 acres 400 96,000 

Average Day Wet Month  --- --- 199,000
Storm Induced Flow 240 acres 500 120,000 

Peak Day Flow --- --- 319,000
Peak Hour Flow --- --- 470,000

 
Residential connections shown in Table 11 are projected to average occupancies of 1.9 persons 
for single family and mobile home, while multifamily residences will average about 1.5 people.  
The resulting population served by sewers thus approximates the 800 people projected in Table 9 
for 2030.  Non-residential connections were projected from similar land uses in other cities. 
 
Sewers will be available for all parcels within the UGA by 2050; however, not all are expected to 
be served, or fully developed.  Flow projections for 2050 are summarized in Table 12. 
 

Table 12 
Projected Wastewater Flows for 2050 

 
Land Use Units Unit Flow GPD Total Flow GPD

Single Family Residences 300 homes 125 38,000 
Multifamily Residences 500 homes 80 40,000 
Mobile Homes 360 homes 125 45,000 
Commercial employees 740 25 19,000 
Industrial employees 360 25 9,000 
Public 80 ERU 125 10,000 

Sewage Subtotal --- --- 161,000
Acreage & average day I/I 430 acres 150 65,000 

Average Day Total Flow --- --- 226,000
Maximum Month I/I 430 acres 400 172,000 

Average Day Max Month  --- --- 398,000
Storm Induced Flow 430 acres 500 215,000 

Peak Day Flow --- --- 613,000
Peak Hour Flow --- --- 978,000
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Many things will change by the time the year 2050 arrives.  Land uses may not be as described in 
Table 7, and population growth may be different than shown in Table 9.  The UGA boundary 
may be revised too.  However, the flow values shown in Table 12 are a reasonable basis for 
evaluating the feasibility of sewers for the Carlsborg community, based on the data now 
available.   
 
As noted in Section 4.3, it is possible that Carlsborg economics and demographics may change 
dramatically by 2050 and beyond.  Many new Western Washington developments are being built 
at 6 or 8 single family units per acre.  Some low-rise multifamily developments achieve 20 or 24 
units per acre.  It is not likely that these higher densities can be achieved throughout the 211 
residential acres within the current UGA; however, if sewers are built in Carlsborg, Clallam 
County is likely to revise the allowed land use densities in some manner not yet defined. 
 
Treatment facilities for an Initial Service Area can be sized based on the flow projections shown 
in Tables 10, 11, and 12.  These facilities can be modular with capacity added as needed at 
various future dates.  However, it may be appropriate to consider whether a larger sewer 
interceptor is a prudent investment for future possibilities.   
 
Figure 9 shows that essentially all residential development may be routed through the Carlsborg 
Interceptor, with essentially all of the industrial flow routed through the Industrial Park sewer.  
Changed economics and demographics could mean increased residential occupancy.  
Conservation efforts should keep per capita water use at about current levels though.  The 
interceptor would serve about 430 acres within the presently defined UGA as shown in Tables 
10, 11, and 12.  Hence, the infiltration and inflow components would remain as shown in those 
tables.  However, in considering possibilities that might generate higher peak flow for defining 
the interceptor size, it is possible that peak domestic sewage generation could coincide with a 
peak storm event as might happen at Thanksgiving or a similar winter holiday.   
 
If so, then domestic sewage flow would be about 4 times the annual average day flow and the 
storm induced component would be about double the 10-year 24-hour value as shown in Tables 
10, 11, and 12.  This possible approach in developing an approximate interceptor hydraulic 
capacity is summarized in Table 13. 
 

Table 13 
Affect of Higher Occupancy on Interceptor Capacity 

 
Land Use Units Per Capita Occupancy GPD Total Flow GPD

Single Family Homes 570 2.3 66 87,000 
Multifamily Homes 576 2.0 66 76,000 
Mobile Homes 400 2.0 66 53,000 
Commercial Employees 740 --- 25 9,000 
Public ERU 80 --- 150 12,000 

Sewage Subtotal --- --- --- 237,000
Average Day I/I (acres) 430 --- 150 65,000 
Maximum Month I/I 430 --- 400 172,000 
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Storm Induced Flow 430 --- 500 215,000 
Peak Day Flow    689,000

     

Peak Hour Flow    1,615,000 
The flows estimated in Table 13 are not likely to occur in the next several decades.  However, 
conditions could change, and it may be felt prudent to plan for the possibility. 
 
4.5 Projected Pollutant Loads 
 
Fats, oils, and grease are a challenge for all wastewater treatment facilities.  These materials also 
congeal in the pipe system and cause maintenance problems.  Accordingly, the new sewer 
system for Carlsborg should have a stringent grease trap program for all commercial, industrial, 
and public facilities that connect to the sewer system.  This is particularly important for any 
facility that prepares food, or services machinery.  The program should extend to periodic 
inspections that the grease traps are properly maintained with penalties through the sewer rate 
structure for failing customers. 
 
With the above program in place, pollutant loadings for the Carlsborg wastewater treatment 
facilities are projected in Table 14 from data shown in previous tables. 
 

Table 14 
Projected Pollutant Loads 

 
Pollutant Parameter 2020 2030 2050 

Estimated ERU 272 808 1,244 
BOD5 average pounds per day 110 320 540 

Average Day Max Month pounds 140 400 700 
TSS average pounds per day 120 340 600 

Average Day Max Month pounds 150 420 750 
Nitrate average pounds per day 1.7 5.1 7.8 
 
Several standards exist to regulate discharge through a percolation system and prevent 
degradation of groundwater.  The requirements differ, depending on the expressed intent for the 
discharge as summarized below: 

• On-site septic systems discharging through a drainfield or mound (both being types of 
percolation systems) are governed by public health regulations.  These generally provide 
prescriptive dimensions, but not effluent standards; except in cases like Carlsborg where 
Clallam County Code mandate that new or repaired systems must demonstrate greater 
than 50 percent reduction in nitrates as compared to conventional treatment systems. 

• Land application of any wastewater effluent requires a State Waste Discharge Permit 
with the water being of ‘Class A’ quality.  Disinfection must achieve an average of 2.2 
coliforms per 100 milliters with no sample above 23 coliforms.  Nitrates must be less 
than 10 mg/L and can not increase the groundwater nitrates by more than 2 mg/L above 
the background concentration measured at the property line. 
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• Direct Injection in a potable aquifer is regulated under the Safe Drinking Water Act and 
Section E1-8.42 of the ‘Criteria for Sewage Works Design’ by the Department of 
Ecology.  The minimum treatment process allowed is reverse osmosis.  

 
The baseline concept should meet the land application requirements.
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5 Baseline Wastewater System 
 
5.1 Collection System 
  
Gravity sewers are the traditional sewerage collection system.  These pipes are usually at least 8-
inch diameter and installed at least 8 feet below the ground surface to allow extension of side 
sewers to fully serve the adjacent properties with 4 and 6-inch lateral sewers.  The 8-inch mains 
are normally installed with a sufficient slope to convey the wastewater at 2 feet per second, 
which is the velocity found through experience to be able to move sewage solids through the 
system and minimize potential for odor.  For 8-inch pipes, the resulting pipe slope is 0.40 
percent, or 0.004 feet of pipe fall per 100 feet of pipe length.   
 
Pipes size is selected to be adequate for the peak hour flow at build-out development with the 
pipe flowing full.  For the Carlsborg UGA, a conceptual sewer running west from Parkwood to 
Hooker Road, then north across US 101 in Carlsborg Road and south to the southerly UGA 
boundary, then east to the PUD Operations Center is a reasonable interceptor for the entire UGA.  
Table 15 summarizes the approximate parameters comprising this pipe alignment. 
 

Table 15 
Conceptual Carlsborg Interceptor 

 
Location 2050 Peak 

Hour GPD 
Pipe 
Slope 

Depth 
Feet 

Length 
Feet 

Diameter 
Inches 

Valley Center Pl & Mill Road (Ext) 147,000 --- 8 --- 8 
Hooker Road & US 101 367,000 0.00819 12 1,812 8 
Carlsborg Road & Smithfield Drive 418,000 0.00897 8 669 8 
Carlsborg Road & Runnion Road 572,000 0.00914 8 2,187 8 
Carlsborg Raod & Olympic Trail 810,000 0.01701 19 2,528 8 
Carlsborg Road & Windy Way (Ext) 920,000 0.00387 12 1,032 12 
PUD Operations Center 978,000 0.00369 13 813 12 
 
In Carlsborg, 8-inch pipes are hydraulically adequate to carry to the peak hour build-out flow 
projected for the entire UGA, except for about the last 1,850 feet at the north end of Carlsborg 
Road.  The pipe depths for that 12-inch diameter stretch would be 12 to 19 feet below the road 
surface, which is expensive construction though not unreasonably so for an interceptor sewer.  A 
12-inch pipe on a 0.369 percent slope has a capacity of 1,350,000 GPD when flowing full.  Such 
a pipe carrying the 1,615,000 GPD peak hour flow shown in Table 13 would surcharge 4 to 6 
inches. That would not be noticeable to any served customers, and should not cause any 
operating problems for the sewer system. 
 
For comparison, a 15-inch pipe laid on a slope of 0.359 percent would have a capacity of about 
2,500,000 GPD, which means that the pipe would be about 2/3 full at the peak hour condition 
projected above. 
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Some portions of the collector sewers described in Table 15 and shown in Figure 10 would also 
require deep trenches for gravity service. Alternatives to gravity sewers do exist for Carlsborg, 
and warrant serious consideration.  These are summarized below: 
 

• Grinder Pumps reduce sewage solids to a slurry that is pumped at modest rates (about 20 
GPM) through small diameter force mains (1-1/2 inch and larger) in shallow burial of 3 
or 4 feet below the ground surface.  Relatively high head (50 to 150 feet) can be achieved 
using up to 7-1/2 horsepower when needed.  Pump units can serve individual homes or 
buildings, or can serve small communities up to several dozen homes. 

 
• Vacuum Sewers use a central vacuum pump station to create below atmospheric pressure 

in 4 to 6-inch sewer manifolds buried 3 to 5 feet deep.  One to four homes are connected 
by gravity side sewers to vacuum valve chambers.  The vacuum system can ‘lift’ sewage 
up 12 to 15 feet of adverse grades. 

 
• STEP Systems (Septic Tank Effluent Pump) place an effluent pump in a septic tank to 

transmit the septic tank effluent to a central treatment and disposal facility using small 
diameter force mains.  The septic tanks require management just like any other septic 
tank, but the drainfield is eliminated on the individual properties. 

 
• Low Head Pumps similar to sump pumps can be considered for limited service to a few 

homes.  The facilities would resemble grinder pumps, only with less expensive pump 
units.  However the vertical lift available is usually only about 20 feet and the force 
mains need to be at least 4-inch diameter.  

 
• Combinations of the above systems are commonly employed.  Small satellite pump 

stations can be grinder pump installations with a tributary gravity sewer system.  STEP 
systems can be connected to a gravity system as well. 

 
Two technical challenges are apparent in preparing the layout for a sewer system in the 
Carlsborg UGA: 
 

• A low spot exists north of US 101 and east of Mill Road.  A local sewage lift station will 
be needed to serve the properties along Gupster Road. 

 
• Soils beneath US 101 are reported to include some large cobbles or even boulders due to 

past glacial activity that may pose some difficulties to constructing a sewer across the 
highway.  This may be a construction cost issue, but is not an insurmountable barrier. 

 
The most appropriate sewerage collection system appears to be a combination, which was the 
conclusion reached during the 1994 study and also used in the 1998 approach, as follows:   

• A gravity interceptor would run north in Carlsborg Road across US 101 to the north edge 
of the UGA then east to the PUD Operations Center. 

 
• A local pump station would serve the low area on Gupster Road at about Gullis Road and 

be built after the initial phase is in operation. 
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• STEP systems would serve the existing mobile home communities like Parkwood, Green 

Acres, Carlsborg Estates, and Alta Vista. 
 
If implementation of a sewerage system is found feasible, a more detailed evaluation of sewerage 
facilities will be prepared for the General Sewer Plan.  That evaluation may revise the sewerage 
collection concept described here, should the actual initial service area be different or the cost-
effectiveness of the collection system components be found to be different. 
 
 
5.2 Wastewater Treatment 
 
Treatment Objectives are basically two: 

• ‘Class A’ Water is desired so the wastewater can be reused in some economical and 
environmentally accepted manner rather than requiring an NPDES permit for discharge 
to some receiving waters. 

 
• Modular design of the treatment facilities would allow the facility to be constructed in 

phases as additional capacity is needed, thus reducing the cost to initial customers and 
allowing growth customers to pay for their capacity needs. 

 
Of course other levels of wastewater treatment can be considered during the development of a 
facilities plan.  ‘Water Reclamation and Reuse Standards’, September 1997, allows irrigation 
with reclaimed water meeting only Class D standards; however, irrigated sites with public access 
like a golf course, playfield, or private lawns must use ‘Class A’ water.  Consequently, ‘Class A’ 
water is used as the baseline condition for development of this Feasibility Study. 
 
Previous sewerage concepts developed for Carlsborg envisioned some form of point discharge of 
the treated wastewater effluent to some local surface water body, generally an irrigation ditch or 
the Dungeness River.  A point discharge requires a National Pollution Discharge Elimination 
System (NPDES) permit from the Department of Ecology.  These permits are only being issued 
now under exceptional circumstances, and only after exhaustive study of other disposal options.  
Present regulations require land application and reuse options be explored and used if technically 
possible.  Simple economics is no longer adequate justification for a new NPDES permit. 
 
Accordingly, most wastewater systems now try to find opportunities to reuse the treated water.  
Four classes have been defined for reclaimed water quality: Class A, B, C, and D.  Some 
opportunities exist for using all classes; however, when all of the wastewater collected must be 
reused, year around, the opportunities are more limited – meaning, management of the reclaimed 
water is usually the determining factor in developing the wastewater treatment facility.   
 
Generally speaking, ‘Class A’ reclaimed water allows more flexible reuse options that may be 
feasible through the year, in wet seasons as well as dry period.  However, more stringent 
treatment is required to produce ‘Class A’ water, and the treatment process must be redundant as 
well as reliable with provisions to store up to one day of flow should the process fail.   
 



  Sewer Feasibility Study 

July 2007  BHC Consultants 51

‘Class A’ reclaimed water is defined by ‘Water Reclamation and Reuse Standards’, Departments 
of Ecology and Health, September 1997 as ‘oxidized, coagulated, filtered, disinfected 
wastewater’.  The current state-of-the-art wastewater treatment process to produce ‘Class A’ 
water is the membrane bioreactor. 
 
Membrane Bioreactors (MBR) combine conventional biological treatment with membrane 
filtration to achieve an advanced level of organic and solids removal.  These systems can also 
provide nutrient removal.  Photos 1 and 2 illustrate two sizes of this process.  The process works 
by maintaining the mixed liquor concentration in the 10,000 to 12,000 mg/L range, and draws  
the liquid filtrate through membranes submerged in the mixed liquor with pore sizes ranging 
from 0.1 to 0.4 microns. 
 
The process eliminates the sedimentation step in wastewater treatment while resulting in a 
structural size and footprint much smaller than conventional activated sludge plants, such as an 
oxidation ditch or sequencing batch reactor.  Without the clarifier step to limit concentration, the 
mixed liquor can be much higher with fewer process controls.  Then, the membrane provides a 
physical barrier to prevent inadequately treated wastewater from passing through the process into 
the plant discharge.  However, the technology does have costs: membranes are expensive, use 
considerable power, require periodic cleaning, and presently have a life expectancy of about a 
decade.  Two basic types of membranes are available, both readily able to produce ‘Class A’ 
reclaimed water: 

• Flat plate membranes have pore openings of about 0.4 microns; which produces removals 
an order of magnitude better than conventional sand or fabric filters and even provides 
some bacterial removal. 

 
• Hollow fiber membranes have pore openings of about 0.1 microns and produces even 

better removals; however the process is more complex, requires more intensive cleaning, 
and a larger structure to accommodate the equipment. 

 
Comparative cost evaluation has demonstrated that the flat plate membranes cost less to install 
and less to operate.  Since the water quality produced from a flat plate MBR is more than 
adequate for the possible uses foreseen in Carlsborg, this is the treatment process used to 
establish the baseline estimated cost for the Carlsborg sewer feasibility.  As membranes gain 
popularity, more manufactures are producing a greater variety of membrane products and prices 
are declining.  This trend is expected to continue for some years to come. 
 
Because of the small membrane pore size, all MBR facilities require a fine screen ahead of the 
membranes to remove as much solids and debris as is practical.  Otherwise the debris will plug 
the membrane pores and require more frequent cleaning. 
 
Flat plate membranes are packaged by the manufacturer in cassettes or modules of 50 to 400 
membrane plates.  Each cassette can be removed individually for cleaning, maintenance, or 
replacement.  The cassette approach allows the treatment process capacity to be expanded by 
adding cassettes as the flow and pollutant load increases.  The cassettes can be designed to be 
stacked two high in the same membrane tank, and the structural tank can be sized for future 
conditions with membranes added as needed. 



 
 
Photo 1 – Kwina 100,000 GPD Treatment Facility using Kubota Flat Plate MBR Modules 
 

 
 
 

Photo 2 – Kubota 3,000 GPD Flat Plate MBR Module 
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The treatment process occurs through three structural chambers; which can be described as the 
anoxic tank, the membrane tank, and the pre-aeration tank.  Various manufacturers use various 
arrangements to achieve treatment.  One example of the resulting treatment process is illustrated 
schematically by Figure 11.  The Anoxic Tank, as shown in Figure 11, has more volume than 
necessary for the treatment process so this chamber can provide influent flow equalization.  The 
Membrane Tank has two chambers with space for three MBR modules each that can be stacked 
two-high, though only the lower level MBR modules would be installed initially.  Phase 2 
treatment capacity would be provided by adding the second stack of MBR modules.   
 
The nitrification-denitrification process in relation to Figure 11 occurs in the following steps: 

1. Influent enters the Anoxic Tank for flow equalization. 
2. Wastewater is pumped into the Pre-Aeration Tank for the nitrification process to occur in 

the presence of organic matter and oxygen. 
3. Wastewater flows into the Membrane Tank with permeate drawn out and the excess 

flowing back to the Anoxic Tank where detrification occurs in the absence of oxygen. 
 
The recycle flow rate is in the range of 3 or 4 times the average influent flow rate.  The resulting 
nitrate concentration in the permeate will be less than 10 mg/L, though more than 5 mg/L.  This 
level should be adequate for land application through a percolation system.  Should a lower 
nitrate concentration be needed or desired, then an additional nitrification-denirification stage 
will be needed for the permeate with additional tanks and methanol addition to provide the 
carbon source.  The resulting nitrate concentration would then be about 3 mg/L. 
 
Pharmaceuticals have been identifies as potential pathogens of emerging concern.  No risk to 
human health has been identified due to the presence of these products in receiving waters, 
which are widely present in trace amounts.  Some studies indicate a link may exist with 
abnormalities noticed in aquatic life, though this remains unproven.  Wastewater treatment 
effectiveness is largely a matter of detention time and sludge age.  The MBR process offers 
potential pharmaceutical treatment advantages because the process operates at high mixed liquor 
concentrations, which mean the sludge age can be designed to be very long in a small volume. 
 
Figure 12 shows a conceptual layout on a hypothetical site totaling about 0.6 acres for the initial 
wastewater treatment facilities with additional components to be added in phases out to the year 
2050.  Several points can be noted from the figure: 
 

• Two treatment structures would both be built initially.  One would contain the treatment 
train sized for the initial service area.  The tanks or chambers in the second structure 
would initially be used for emergency storage, sludge holding and thickening, and storage 
of reuse water. Subsequent phases would add capacity by converting the second structure 
into a treatment train too. 

 
• The Operations Building would initially contain little more than the electrical and 

mechanical equipment needed for the initial service area.  The building would be 
expanded in future phases to offer more functions. 
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• All treatment components would be covered and the air would be pumped through a 

Biofilter for odor control.  Subsequent phases would receive added biofilters. 
 

• Future Emergency Storage is shown as a structure able to contain one average day of the 
maximum month flow in the year 2050, or about 400,000 gallons.  Emergency Storage 
provided for the Initial System is sized for one day of the average annual flow projected 
for 2020, which meets the requirement for producing ‘Class A’ water. 
Emergency power would initially be provided from the PUD Operations Center, and a 
dedicated Emergency Generator would be provided in a future phase. 
 

• Reuse Storage as shown could be 200,000 gallons in a 30 feet diameter tank about 40 feet 
high. 

 
• Sludge processing is more variable.  Space is shown in the Operations Building for a 

sludge processing room, which could include a sludge press and perhaps other 
equipment.  A future Sludge Holding Tank is shown, though the size depends on what is 
done with the sludge as the haul economics will determine the storage volume needed. 

 
All MBR processes have specific limitations as to the flux rate, or rate of flow through the 
membranes.  Excessive flux rates will plug the membrane pores and may tear the membrane.  
Manufacturers limit the flux rates to no more than twice the design flow rate, and usually provide 
detailed limitations of how much time the design flux rate can be exceeded in defined steps and 
for stated reoccurrence intervals.  As a result, each MBR plant requires flow equalization 
provisions; which usually means an attenuation chamber.  For Carlsborg, flow equalization 
would initially be provided by sizing the three treatment tanks for the 2030 flow condition while 
only installing membranes for the 2020 projected flow condition.  The 2050 flow condition 
would require a duplicate structure, and probably a separate equalization tank. 
 
Disinfection is normally provided by ultraviolet light, which would occur in the Reuse Pump 
Station.  Chlorination is an acceptable alternative; however, safety issues with chlorine gas and 
the byproducts resulting from chlorination limit the appeal.  Even so, provisions to apply 
chlorine in some form may be desirable for periodic cleaning of the membranes, piping, and 
other facilities.  Dilute chlorinated water can be discharged into most receiving water, including 
groundwater, though some surface water may require dechlorination to protect the habitat.  The 
reuse distribution system may require a chlorine residual. 
 
State regulations for producing ‘Class A’ water require that treatment facilities be more reliable 
than conventional secondary treatment processes.  Accordingly, all processes must be redundant, 
meaning at least one standby unit must be provided for each process.  Emergency power must be 
provided.  And the facility must have emergency storage for 24 hours of the effluent flow in the 
event that a failure occurs despite the redundant provisions.  
 
Control of the MBR process is largely a matter of mechanical and electrical management, in 
contrast to conventional activated sludge processes which require extensive biological sampling, 
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testing, and monitoring by a hands-on skilled operator.  Accordingly, the MBR process would be 
managed by a supervisory control and data acquisition (SCADA) system through a computer. 
 
No site has been formally designated for the treatment facilities.  As it happens, the PUD 
Operations Center is located at the northern extremity and lowest elevation of the UGA.  
Wastewater will be collected at this property into a pump station.  The area is zoned for 
commercial-industrial and the parcel may have sufficient space to accommodate the MBR 
facility.  This would place the process components in close proximity to existing staff facilities, 
which may mean that some initial operations could be housed within existing structures.  
However, the pump station could also transmit the wastewater to a more remote site for 
treatment if that is found desirable. 
 
Alternative Treatment Processes to the MBR do exist, and may even be cost-effective for 
Carlsborg.  It is certainly possible to produce ‘Class A’ water through a sequencing batch reactor 
(SBR) process, or several other activated sludge variations, when followed by some form of 
filtration such as sand or fabric filters.  These alternatives were not explored for this Feasibility 
Study, which only identifies a baseline sewerage system to establish whether any sewer system 
may be feasible in Carlsborg. 
 
Recirculating sand filters are another alternative treatment process that is frequently used in 
small on-site or decentralized wastewater systems.  These systems can be designed to remove 
nitrates and to provide an effluent quality suitable for some reuse applications.   
 
If sewers are found feasible, then these and other alternatives will be evaluated in a General 
Sewer Plan and one selected, as required for approval by the Department of Ecology to begin 
implementation.  An Engineering Report or Facilities Plan will be further required to develop the 
preliminary design for the treatment and reuse facilities.  These documents will be required to 
evaluate alternatives to the MBR process to identify the facilities most suitable for Carlsborg.  
These tasks can be combined into a single document if desired. 
 
5.3 Solids Management 
 
Sludge will be produced by any wastewater treatment process.  Management of these residual 
solids to produce biosoliods suitable for disposal is a significant challenge for most wastewater 
utilities.  However, initiating wastewater treatment in a small satellite facility does not have to 
include complete solids management provisions in the initial facilities.   
 
For the initial facilities, the Feasibility Study assumes the new utility will minimize initial costs 
by sending the solids elsewhere for processing and disposal.  At least four options are believed 
initially viable: 

 
1. City of Port Angeles has facilities that could accommodate the quantities produced at 

Carlsborg and a limited term contract might be negotiable. 
 
2. City of Sequim offers a similar option, which means the cost of solids management can 

be made competitive. 
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3. City of Forks also provides solids management and may be a viable option, though the 

travel distance is greater. 
 

4. Contract Hauling can arrange for the residual solids to be taken to existing sites that 
manage such material, as exist in Mason County. 

 
Investing in some level of sludge processing will still be cost-effective.  This initial investment 
may be only dewatering equipment to reduce the volume that is hauled away.  It could include 
the purchase of a dedicated sludge truck.  Sludge is produced in the MBR process at about 60 
percent of the of the influent BOD in pounds per day.  Sludge will be withdrawn or wasted at 
about one percent solids from the MBR process periodically into a sludge holding tank.  It will 
thicken by gravity in the sludge holding tank to about 1.5 percent solids with the remaining 
liquid decanted back to the MBR process. 
 
The projected influent pollutant load shown in Table 13 for 2020 is for an annual average of 110 
pounds of BOD every day.  Thickened to 1.5 percent solids, the sludge volume will average 
about 527 gallons daily, which is a lot to be hauled away. 
 
A mechanical thickener will produce 3 percent solids, which will half the daily volume to about 
270 gallons in 2020.  This volume will still require hauling away in a tanker truck once each 
week.  Sludge hauled to another treatment facility will be considered the same as septage since it 
is not digested.  The tipping fee may be $ 0.15 per gallon, or about $ 41 daily for 270 gallons at 3 
percent solids.  Initial volumes and costs will be much lower, of course. 
 
Various forms of sludge presses can also be considered.  These devices cost several hundred 
thousand dollars each however.  A press is not cost-effective for the initial sewer system, though 
may become so as the sewer service is expanded and flows increase producing more solids. 
 
In the future, sludge facilities might include stabilization equipment to produce compost or 
another biosolids derivative.  It may be that the future sludge facilities will be developed jointly 
with either the Lower Elwha or Jamestown Tribes; or the Sunland Sewer District; or with 
another satellite sewer system yet to be identified. 
 
STEP systems are envisioned in this Feasibility Study as serving the existing mobile home 
communities.  The STEP units would be owned and managed by the PUD as part of the sewer 
system.  These units will produce septage, which can be managed as sludge in two ways: 

a. The Clallam PUD, as the wastewater operating agency, can own the septic tanks  
with the effluent pump units and be responsible for maintenance and operation, 
including pumping septage.  The septage can be combined with the solids 
produced at the MBR treatment facility, thickened, and hauled away for disposal. 

b. The owners of the mobile home communities can retain ownership of the STEP  
units, and be responsible for operation and maintenance including the septage – 
subject to oversight by the PUD. 
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These STEP decisions will largely be an economic matter for the mobile home park owners, and 
their tenants based on what is believed cost-effective for their community.  These decisions need 
not be made now, and do not have to be the same for each mobile home community. 
 
 
5.4 Air Quality 
 
Odors are a concern with the design, operation, and maintenance all wastewater facilities.  It may 
not be practical to design, build, and operate a complete wastewater system without some odor 
being noticed by some people at some point in time.  A variety of design and maintenance 
techniques would be employed to minimize odors, some of which are summarized below: 

1. Gravity sewers would have minimum grades sufficient to produce wastewater flows 
of at least 2 feet per second, which is sufficient to move the sewage solids and 
minimize accumulations that produce odor. 

2. Sewer mains would be cleaned on a regular basis to remove such solids and scum that 
does accumulate in the pipes. 

3. Fats, oils, and grease would be regulated through the Sewer Use Resolution so most is 
removed by grease traps at facilities likely to produce significant quanties, such as 
food handling facilities. 

4. Pump stations would be designed with appropriate wet well dimensions; and for the 
pumps to cycle at regular intervals to minimize dwell time in the wet well. 

5. Pump stations would be serviced at regular intervals to include cleaning that removes 
scum and solids that may accumulate. 

6. Treatment components would be designed to modern standards with most wastewater 
units covered or enclosed so any odors produced are captured and processed through 
a biofilter or air scrubber.  

7. Reclaimed water has very little organic content and little potential to produce odor 
while irrigation as with a sprinkler would dissipate even that potential; and disposal 
of the remainder is envisioned as being below ground through percolation to 
minimize potential contact with people or the atmosphere. 

 
Most people are familiar with gravity sewers laid beneath streets and realize that odor is rarely 
noticeable.  However, warm weather tends to speed up the decay of organic matter, including 
sewage, so odors may be noticeable in the immediate vicinity of some wastewater facilities like 
pump stations, or rarely at manholes.   
 
Treatment facilities have greater quantities of wastewater present, and more odor potential.  
Considerable design attention is devoted to minimizing odor.  Maintenance and operating 
procedure also stress odor control.  As a result, odor is not usually noticeable outside of the 
treatment facility site, which is usually located in an industrially zoned area to further minimize 
impacts to the public. 
 
Certainly some individuals are more sensitive to odor than others.  Problems do occur with 
wastewater facilities, and upsets happen.  A good staff will work hard to minimize these events. 
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5.5 Decentralized Sewer Systems 
 
It is technically feasible to construct several small sewerage systems, each with a separate 
collection, treatment and reuse or disposal system; instead of a single centralized system for all 
of Carlsborg, or connecting to the City of Sequim sewer system.  Such decentralized facilities 
could be managed by a single agency, such as the PUD. 
 
The barrier posed by US 101 makes the idea of decentralized systems inherently attractive.  
Separate facilities could be constructed for several areas, some obvious examples are indicated 
below: 

• Commercial area south of US 101 
• Parkwood Moble Home Park (or combined with the commercial area south of US 101) 
• Carlsborg Industrial Park 

 
Satellite sewer systems currently exist in Carlsborg to a degree in that ‘large on-site systems’ 
(LOS) exist for the former Costco site, for the Greywolf School, the Parkwood Mobile Home 
Park, and several other developments.  The current problem is that none of these systems provide 
very effective treatment or effluent disposal in relation to the usual standards of public 
wastewater facilities.  Smaller versions of the sewerage facilities described in previous sections 
could be implemented through a phased program serving just those parts of Carlsborg that 
wanted sewer service in a particular time frame.   
 
The issue is cost, and the economy of scale achieved by centralized sewer systems.  The actual 
cost of four facilities estimated or bid during 2006 are shown in Table 16, first just for the MBR 
equipment, and then for the entire treatment facilities including the MBR equipment. 
 

Table 16 
Economy of Scale in Wastewater Treatment 

Equivalent Residential Unit is 125 GPD 
 

 MBR Equipment Cost Treatment Plant Cost 
Capacity in GPD Cost per GPD Cost per ERU Cost per GPD Cost per ERU 

3,500 $ 80 $ 10,000 $ 220 $ 27,500 
25,000 $18 $ 2,250 $ 75 $ 9,375 
100,000 $ 6 $ 750 $ 35 $ 4,375 
180,000 $ 4 $ 500 $ 25 $ 3,125 

 
The economy of scale is readily apparent for the cost of treatment facilities as shown in Table 15.  
Only costs for treatment are shown in the table.  Reuse or effluent disposal costs are not 
included, nor are the costs of collection sewers.  Graph 2 displays these estimated costs for 
treatment facilities in two graphic curves. 
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Graph 2 - Estimated Unit Costs for MBR Treatment 
Cost Per Gallon Per Day
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It is certainly true that less expensive treatment facilities can be provided.  However, for the 
degree of treatment required to achieve ‘Class A’ water for reuse, the costs shown in Table 15 
are realistic.  A lesser treatment level would not provide the same degree of protection for the 
aquifer, which is a paramount objective in providing sewers within the Carlsborg community. 



  Sewer Feasibility Study 

July 2007  BHC Consultants 62

 
6 Reclaimed Water Reuse 
 
 
6.1 Regulatory Issues 
 
The basic requirements for initiating sewer service are defined in Chapter 173-240 WAC.  
Before sewer service can be initiated WAC 173-240-050 requires that a General Sewer Plan be 
prepared and approved by the Department of Ecology.  Design of wastewater treatment facilities 
further requires the preparation of an Engineering Report in accordance with WAC 173-240-060, 
which also must be approved by the Department of Ecology.  Additionally, the Second 
Engrossed Second Substitute House Bill 1338 then requires consideration of opportunities for the 
use of reclaimed water in the Engineering Report.  Where such opportunities exist, plans must be 
developed that evaluate these opportunities. 
 
There is no federal program regulating reclaimed water use in Washington State.  ‘Water 
Reclamation and Reuse Standards’, September 1997, issued jointly by the Departments of 
Ecology and Health provides the basic guidance for water reclamation and reuse.  Chapter 173-
219 WAC – Reclaimed Water Use is the basic governing state law.  New rules are under 
development through an advisory committee that must be adopted by 31 December 2010.   
 
Reuse of reclaimed wastewater must demonstrate a net environmental benefit.  Approval will 
involve additional regulatory requirements, depending on how the water is used:   
 

• A point discharge to any surface water such as the Dungeness River or an irrigation 
structure would require an NPDES permit under WAC 173-220. 

 
• Discharge as a non-point source to groundwater requires a State Waste Discharge Permit 

under WAC 173-216. 
 
An NPDES permit is unlikely to be granted unless it can be demonstrated that no other method is 
feasible, which is unlikely to be achievable.  Even if received, an NPDES permit requires 
significant sampling and testing each week and reporting monthly to Ecology.  Administration of 
such a permit is an expensive requirement for the permit holder. 
 
Aquifer Recharge, which is usually described as Direct Injection, is regulated under the federal 
Safe Drinking Water Act.   
 
State Waste Discharge Permits are much less onerous to administer.  The requirements can be 
negotiated.  Sampling and testing may be required only quarterly.  The reporting process is also 
usually much simpler.  Accordingly, a reuse concept that can be administered through a State 
Waste Discharge Permit is preferred for Carlsborg. 
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6.2 Reuse Concepts 
 
Reclaimed water can be reused in many ways.  Some examples of reuse applications include 
landscape irrigation and street washing.  These water uses are a minor component of normal 
water demands, and may not be practical on a year-round basis.   
 
Irrigation, particularly for crops, is currently the major water use in the Dungeness River basin.  
Five irrigation districts and companies distribute water withdrawn from the river.  Irrigation 
needs are seasonal however.  Dry summer months are peak irrigation needs, which is when 
stream flows are minimal.  Little irrigation demand exists during the winter months when stream 
flows are substantial, so seasonal storage of a large water volume is necessary. 
 
It is economically practical for reclaimed wastewater to be discharged into irrigation systems in 
the Carlsborg vicinity.  Irrigation ditch lines are shown in Figure 13.  Dungeness irrigators have 
not expressed interest in using reclaimed water, even though it has been used for decades in other 
parts of Washington State.  There are several reasons for this reluctance.  Irrigation water use has 
been declining in recent years due to changes in agricultural practices and irrigation efficiencies 
achieved through replacing irrigation ditches with piped systems.  In addition, reclaimed 
wastewater is not an attractive product to most farmers since it might taint the public perception 
of their crops.  However, it may be aesthetically acceptable for irrigation of hay fields and golf 
courses.  A number of such uses are documented in ‘Case Studies in Reclaimed Water Use’, June 
2005, by the Department of Ecology and similar examples can be found in other states. 
 
Piped irrigation systems are reducing the upper aquifer water levels in the Carlsborg area.  This 
aquifer is the principal water source for many private wells in and around Carlsborg.  Declining 
aquifer recharge as leaking irrigation ditches are replaced with pipes also means less dilution of 
septic drainfield effluent, which may accelerate the increase in nitrate levels in the aquifer.  
These and other concerns are being studied through the on-going ‘Artificial Recharge Study and 
Carlsborg Pilot Project’ under the auspices of Clallam County. 
 
Perforated pipes could be installed in the irrigation ditches to disperse reclaimed wastewater into 
the upper aquifer.  Agreement with the irrigation ditch property owners would have to be 
negotiated.  The alignments acceptable to property owners may or may not be the most beneficial 
to the surface aquifer.  Any point discharge of reclaimed water into a ditch would require an 
NPDES permit, though it may be possible to provide a non-point discharge that would perform 
adequately while avoiding the NPDES permit requirement. 
 
The appeal of providing reclaimed water to the irrigation system is the prospect of replacing 
diversions from the Dungeness River during the low-flow season.  Currently, Dungeness River 
water is delivered to homes for watering lawns and gardens.  Reducing irrigation diversions 
would have the same effect as directly augmenting river flow.  Alternatively, the river could be 
augmented directly with reclaimed water. 
 
Augmentation of Stream Flow by percolating reclaimed water into soils adjacent to the stream 
bank is an attractive reuse concept.  Water rights for the river are over-allocated and stream flow 
during late summer months may be inadequate to support salmon recovery efforts as mandated  
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under the Endangered Species Act.  Likewise, augmentation of streamflow would offset river 
diversions during high flow periods for off-channel storage to be used during summer low-flow 
periods.  Hydrogeologic studies have indicated that some stretches of the Dungeness River 
receive water draining through the local soils into the stream.  Other stretches lose water out to 
the aquifer. 
 
The percolation site should be purchased by the PUD for best management practices, though a 
long-term lease might be practical.  If that river stretch receives water naturally from the adjacent 
surface aquifer, then the river would be recharged directly.  If the river is losing water out to the 
aquifer where the recharge application occurs, then the reuse surcharge would reduce losses from 
the river.  Either case would result in augmented flow in the Dungeness River, and be a net 
environmental benefit to the riparian habitat and aquatic life, including salmon.   
 
A similar approach could augment flow in Matriotti Creek.  Since the creek flow is much less 
than flow in the Dungeness River; the augmentation flow would be a much larger share of the 
stream flow and hence may create a more significant environmental benefit. 
 
Aquifer Recharge requires an Injection Control Permit in accordance with Form 7520-6 under 
the federal Safe Drinking Water Act.  As a practical matter, the treatment required will be 
reverse osmosis.  A Hydrogeologic Study will be required to document the path expected to be 
followed by the injected water, the changes anticipated in the receiving groundwater, and 
impacts projected on other groundwater users. 
 
This is a very stringent treatment requirement, especially when compared to septic tanks 
discharging through a drainfield into the same aquifer.  Regulations for the two functions do not 
explain the rationale for the difference.  Scale may play a part since septic tanks and drainfields 
are regulated for low density development while aquifer recharge is generally an extensive 
operation.  On a more basic level, treatment plays a role in that a properly designed and operated 
drainfield provides additional treatment to the effluent received from the septic tank before the 
effluent reaches the aquifer.  Direct injection is just that – water is injected directly into the 
drinking water aquifer without further treatment – so the water quality must be correspondingly 
high.. 
 
Reuse Pipeline in the same trench as the sewer main may be more practical for Carlsborg and 
reclaimed water could be used within the UGA for lawn irrigation during the summer.  Such 
reuse would reduce the peak demands for potable water and conserve the available water rights 
for higher and better uses.  If Clallam County desires, all new developments could be required to 
use reclaimed water for lawn irrigation, or other non-potable purposes.  Branch reuse pipes can 
be extended from the initial service area as the sewer system expands. 
 
Water in the reuse pipeline will have to be pumped; however, almost any wastewater disposal 
system will require some degree of pumping.  A storage tank would be needed to equalize 
production of reclaimed water with the water use.  The tank volume required depends on the uses 
envisioned for the reclaimed water.  Initially, the volume may be small and simply be the wet 
well for the effluent pump station.  A larger storage tank could be provided later if needed. 
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Dual Distribution Piping into houses and buildings with separate potable and reuse water pipes 
could be required by Clallam County for new development in the Carlsborg UGA.  This system 
would allow toilets to be flushed with reclaimed water and all irrigation to also use reclaimed 
water, plus such other uses as can be identified.  Several industrial or commercial applications 
may exist.  Fire protection is also a possible use, at least for sprinkler systems, though that 
introduces the fire storage volume into the tank size and may not be cost-effective.  Toilets are 
the largest single water use in most domestic systems.  Constructing a duplicate water system, a 
‘purple pipe’ system is usually the major obstacle, and is generally not cost-effective for most 
communities.  For Carlsborg though, a ‘purple pipe’ system may be cost-effective when 
evaluated in terms of water and wastewater issues for the entire UGA as projected into the 
future. 
 
Any of the reuse options will require a ‘purple pipe’ to some place, and that may well be in the 
trench for the sewer laid in Carlsborg Road.  If so, that means that reclaimed water service will 
be available to every property connected to the initial sewer system, and could mean a dual 
system would be practical.  To be so, Clallam County would have to require all new construction 
in Carlsborg to incorporate dual pipe systems, and some financial incentives may be necessary as 
well.  The program could be extended to existing structures as they are sold, remodeled, or 
simply after the passage of a certain number of years. 
 
The dry total flow volumes shown in Tables 10, 11, and 12 and the Dungeness River flows 
shown in Table 6 are compared in Table 17. 
 

Table 17 
Comparison of Dungeness River with Projected Carlsborg Reclaimed Water 

Flows in Millions of Gallons per Day 
 

Parameter Dates 
Carlsborg Reclaimed Water Flow 

 2020 2030 2050 
Average Annual Day Flow 0.058 0.103 0.226 

Dungeness River Flows 
 2004 2005 2006 
Dungeness River Median Flow 176 109 164 
Dungeness River Minimum Flow 50 37 46 

 
Clearly, the reclaimed water would add a small amount to the Dungeness River, even during the 
low flow periods, and even less for average flow conditions throughout the year.  However, it is 
possible that environmental studies may show that any flow augmentation in the river, Matriotti 
Creek or some other local water body would be beneficial.  Such benefits could include some or 
all of the following: 

• Increased spawning beds as more gravel is covered with water 
• Higher levels of dissolved oxygen as the stream flows at higher velocity 
• Improved survival rates among hatchlings 
• Thicker vegetation due to more water, which will lower the stream temperature. 
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Conceptually, augmentation of the Dungeness River appears to provide the most environmental 
benefit and to be the easiest to implement.  Accordingly, it is the baseline concept for the 
Feasibility Study.  Figure 14 shows a conceptual alignment for the reuse pipe, or ‘purple pipe’, to 
a generalized application site.  Should it be decided to proceed towards implementing a sewer 
system for Carlsborg, other reuse concepts will evaluated in subsequent planning efforts.  For 
example, a dual pipe reuse system could readily be implemented from the augmentation pipe 
system if desired. 
 
 
6.3 Percolation System 
 
Several types of percolation systems might work for water reuse in the Carlsborg area to 
augment flow in the Dungeness River.  Photos 3 and 4 illustrate two approaches, and several 
alternatives are described below: 
 
Drainfields similar to septic systems could be constructed.  These systems require excavation of 
shallow trenches to install perforated pipe, which could be 2 to 4-inch diameter, and backfilled 
with suitable material.  The drainfield system would be constructed in at least four zones initially 
so the application can be rotated among the zones in a planned sequence, and redundancy is 
provided by the capacity of each zone to absorb the reclaimed water.  The system would be 
pressurized to optimize distribution of the water. 
 
The ground surface above the piping could be used for other activities, such as crops or a 
playfield, though to maximize river augmentation the agronomic demands of any plantings 
should be minimized.  Future expansions of the Carlsborg sewer system and increases in 
wastewater flow could be accommodated at the same site by adding zones. 
 
Drip Irrigation uses 1-inch tubing that weeps or leaks water into the soil.  Installation is simple 
and inexpensive.  Tubing is supplied in rolls and is plowed about 6 to 10-inches into the soil.  
Drip tubing is laid out in irrigation zones. The reclaimed water application is rotated sequentially 
to the zones and redundant capacity is achieved.  The distribution system would be pressurized to 
optimize distribution of the reclaimed water. 
 
The surface can be used for some crops or a sports field, golf course, or a park, though the 
agronomical water demand of the planting should be minimized to achieve the maximum river 
augmentation.  Future expansion at the site by adding zones could accommodate future increase 
in wastewater flows as the Carlsborg sewer system expands. 
 
Constructed Wetlands could be used to percolate reclaimed water through the river bank and 
augment stream flow.  Two general types of wetlands are feasible: 

• Surface wetlands have one or more basins with at least some open water surfaces.  
Wetland plants grow in the water and along the banks. 

• Subsurface wetlands have no open water as the basins are filled with porous material like 
rock, gravel, and sand that the water flows slowly through.  Plants grow in the media. 
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Photo 3 – Infiltrators (34 x 48 inches long) being installed in 21 x 80 feet long zone 
 
 

 
 

Photo 4 – Completed Percolation Field using Drip Irrigation for 14,600 GPD 
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Wetlands do provide some treatment to the reclaimed water stream.  However, ‘Class A’ water 
does not require or need additional treatment.  Open water surfaces may constitute a hazard to 
some people.  Wetland plants require harvesting, which can be expensive in shallow water 
bodies. 
 
Wetlands also form an attractive habitat for various species of wildlife.  However, once 
established, wetlands may fall under wetland regulations.  This may result in requirements to 
establish minimum water levels regardless of the reclaimed water available.   
 
Discharge to and through a wetland does not need to be ‘Class A’ water.  It could be Class B, or 
C, or even D.  In fact, the discharge stream does not have to be reclaimed water at all.  Wetlands 
can be an integral part of the treatment process.  In some applications, wetlands may be more 
cost-effective than a conventional treatment facility.  However, wetlands have significant costs – 
land being only one – and treatment is dependent on a biological process that is not efficient 
during cold weather when little vegetation growth occurs.  These are complex issues that are 
appropriate to evaluate during preparation of a facilities plan. 
 
Percolation Ponds may be effective in transmitting reclaimed water into the river.  However, 
creating of any pond may involve the risk of creating a wetland.  An open water surface may be a 
hazard to some people.  Maintenance of a pond may be more expensive than maintenance of a 
field for drip irrigation or a drainfield. 
 
 
6.4 Evaluation 
 
The above percolation concepts should be evaluated in more detail during subsequent planning 
steps should it be decided to proceed with implementing a sewer system for Carlsborg.  
However, drip irrigation may be the most cost-effective and beneficial to the community; so it 
will be used as the baseline concept to establish the feasibility of a sewer system for Carlsborg.   
 
Figure 15 illustrates how a series of drip irrigation system might be developed within an 
approximately 4 acre site adjacent to Matriotti Creek using a modular system of expansion 
zones. 
 
Since the reuse pipeline shown in Figure 14 passes in front of many parcels within the Carlsborg 
UGA, the reuse water would be readily available for summer lawn irrigation should this use be 
found more environmentally beneficial. 
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7 Financial Considerations 
 
7.1 Estimated Construction Costs 
 
The estimated costs to construct the Initial Sewer System for Carlsborg as shown on Figure 8 are 
summarized in Table 18. 

Table 18 
Estimated Construction Costs for Initial System 

 
Construction Element Unit Approximate Quantity Estimated Cost 

12-inch Sewer LF 1,900 $ 290,000 
8-inch Sewer LF 7,100    950,000 
SR 101 Crossing LF 100    120,000 

Conveyance Subtotal   $ 1,360,000
STEP Units with new Tanks EA 60 $ 420,000 
2-inch Force main LF 7,000    280,000 

STEP Subtotal   $ 700,000
Influent Pump Station GPM 200 $ 240,000 
MBR Structures (two) GPD 200,000    750,000 
MBR Treatment Process GPD 100,000    700,000 
Provision for Future Capacity GPD 100,000    120,000 
Control Building SF 1,200    430,000 
Sludge Holding & Thickening Gal 10,000    200,000 
Emergency Power & Odor Control KW 1,000    100,000 
Emergency Storage GPD 100,000    120,000 
Site improvements SF 100,000    360,000 

Treatment Subtotal   $ 3,020,000
Effluent Pump Station GPM 200 $ 240,000 
4-inch Force Main LF 7,000    210,000 
Reuse Site Acquisition AC 4    120,000 
Percolation Piping LF 12,000    140,000 
Site Monitoring Facilities EA 8      50,000 
Mitigation SF 100,000      60,000 

Reuse Subtotal   $ 820,000
Connection of Existing Buildings EA 60 $ 240,000 
Provision for Future Services EA 100    120,000 

Private Property Subtotal   $ 360,000 
Construction Subtotal   $ 6,260,000
Sales Tax & Contingencies   $ 1,880,000
Estimated Total Construction Cost   $ 8,140,000

 
The conveyance facilities shown in Table 18 are sized to convey the peak hour flow projected for 
build-out of the entire UGA in 2050 as shown in Table 12 of 978,000 MGD.  Table 12 in turn 
was based on the populations shown in Table 9 projected at 2.15 percent annually. 
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Clallam County will need to prepare a new land use plan defining the allowable densities for 
Carlsborg with sewer service available, and the rules for connecting existing development now 
served by on-site septic systems.  That document will provide the basis for preparation of a 
sewer facilities plan, which may conclude that build-out wastewater flows should be larger than 
projected in the Feasibility Study.  If so, then the interceptor sewers may need to be larger too.  
The project cost to increase the interceptor by one pipe size to 15-inch diameter is estimated to 
be less than $ 100,000. 
 
Capacity in the treatment facilities as shown (100,000 GPD is slightly less than the 122,000 GPD 
projected for 2020 including 64,000 I/I, which may be too high for the first years of operation) 
can be easily doubled (200,000 GPD, which is about the 199,000 GPD projected for the 2030 
average day during the wettest month).   The reuse force main and the reuse site are also 
intended to be adequate through 2050.  However, expansion of the UGA or substantial increases 
in development densities may eventually require even larger facilities. 
 
No sludge facilities beyond a holding tank and a decant pump are included in the Table 18 
estimate of construction costs.  More extensive sludge management facilities will become 
desirable as the sewer system expands so the sludge can be processed into reusable biosolids.  
The rate of expansion will affect costs to some degree.  As a reasonable projection from the 
initial facilities, expansion to provide the facilities needed for the 2050 conditions as shown in 
Figure 12 may require $ 5,000,000 to $ 6,000,000 in addition to the Table 18 estimated costs. 
 
7.2 Estimated Project Costs 
 
Implementation of the construction elements described in Table 18 will require completing a 
number of project activities.  A preliminary list of these implementation activities, not 
necessarily complete, is shown below: 
 1. Comprehensive Land Use Plan 

2. Sewer Facilities Plan 
3. Conceptual Special Benefit Study 
4. Hydrogeological Study 
5. Funding Program 
6. LUD Formation 
7. Archeological Study 
8. Sewer System Design Plans and Specifications 
9. SEPA Determination and possible EIS 
10. Environmental Mitigation Plan 
11. Permit Applications 
12. Property Acquisitions 
13. Final Special Benefit Study 
14. Final Assessment Role 
15. Sewer Use Ordinance 
16. Construction Administration, Start-up, and O&M Manual 
17. Bond Counsel and Bond Sale 
18. Project Administration by PUD and Clallam County 
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19. Interim Financing Arangement 
20. Litigation Contingency  

 
Scopes and budget have not been prepared for the above activities.  It is possible that some may 
be combined.  A few may be found unnecessary.  Others may be needed.  The PUD or Clallam 
County may undertake to complete some activities with their own staffs.  However, allied project 
costs range from 45 to 55 percent of construction costs.  As a budget estimate the above project 
activities are estimated to cost about $ 2,500,000 to $ 3,500,000 by the time the sewer system 
becomes operational. 
 
Many unknowns exist for projects of the complexity involved with developing a sewer system 
for Carlsborg that also includes water rights considerations.  Accordingly, a project contingency 
of about $ 1,160,000 is included to address these uncertainties for the initial system, in addition 
to the $ 500,000 contingency included in Table 18 as part of construction costs. 
 
The resulting estimated total project costs for the Initial Sewer System for Carlsborg are shown 
in Table 19. 

Table 19 
Estimated Total Project Costs for Initial System 

 
Project Cost Elements Estimated Cost 

Construction Costs with Tax & Contingencies $ 8,140,000 
Project Implementation Activities    3,100,000 
Project Contingencies    1,160,000 

Total Estimated Project Costs $ 12,400,000 
 
The Sewer Feasibility Study is only intended to provide a decision tool as to whether it is 
feasible to build sewers for the Carlsborg UGA.  Prudence indicates that such a decision should 
be based on a minimal development prospect, which may be less than the development projected 
in the Study as currently written.   
 
7.3 Estimated Annual O&M Costs 
 
Operation of the initial sewerage facilities depend on several factors and policy decisions that 
can only be made as the start of actual sewer service approaches.  As a conceptual estimate, 
Table 20 describes the key budget items that may be needed for operation of the initial sewer 
system once most connections have occurred, and a projection of the costs that may be involved. 
 

Table 20 
Projected Annual Operation and Maintenance Costs 

 
Budget Elements Description Annual Cost 

Labor 2 operators $ 140,000 
Power 20,000 KWH/month      15,000 
Chemical Membrane Cleaning      12,000 
Administration & Billing 500 hours      25,000 
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Budget Elements Description Annual Cost 
Professional Services Engineering & Legal      24,000 
Collection Maintenance Pipe cleaning & repairs      10,000 
Treatment Maintenance  Electrical & Mechanical      24,000 
Reuse Maintenance Site Upkeep        8,000 
Membrane Replacement Fund 10 year cycle      20,000 
Sludge Disposal – contract haul 320,000 gallons      48,000 
Miscellaneous       25,000 

Estimated Annual Cost  $ 351,000 
 
The estimated annual cost shown in Table 20 equates to $ 29,250 per month for the entire 
Carlsborg sewer system.  Start-up operating costs would be considerably less annual cost, 
perhaps only $ 100,000 to serve about 100 ERU for the initial several years. 
 
The estimated annual costs would be distributed to the served customers through a rate structure 
that has yet to be adopted.  Rate structures usually incorporate a differential between residential 
and non-residential customers.  The resulting cost per customer depends heavily on how many 
customers are served during the initial years.  If few customers connect during the initial year of 
sewer operation, several of the Table 20 costs will be less or can be deferred.   
 
As a conceptual estimate, monthly sewer service charges may be in the $ 55 to $ 65 range for 
single family residences.  Commercial customers with different pollutant loads would pay higher 
rates. 
 
It may be noted that depreciation is excluded from annual costs shown in Table 20, though 
routine system maintenance costs are included.  Since the initially participating property owners 
are buying the initial sewer system, it is believed equitable to defer depreciation funding for 20 
years until the LUD construction debt is retired.  Depreciation charges could then be added to the 
O&M costs for funding through the monthly service charges. 
 
 
7.4 Construction Financing Options 
 
The PUD and Clallam County recognize that some of the project costs associated with 
implementing a sewer system for Carlsborg will have to be financed by the agencies, and that 
many of these costs cannot be directly recovered from the initial customers.   However, it is 
anticipated that as the Carlsborg community develops and grows, these public investments will 
be recovered over time. 
 
Funding for the sewerage facilities is expected to involve a mix of sources.  Funding for some 
agencies originates from the federal government.  Use of such money, as through the State 
Revolving Fund for example, requires preparation and approval of a Facilities Plan.  Facilities 
Plans are often prepared to address the requirement of WAC 173-240-060 as well as the federal 
requirements. 
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Several low-interest rate loan programs exist through various state and federal agencies.  A 
sewerage program for Carlsborg may qualify for several of these.  The resulting funds may allow 
most or all project costs to be financed at interest rates below even municipal bond rates. 
 
Grant funds are much less available than in previous years.  However, providing sewers for 
Carlsborg offers the opportunity to implement an integrated water resources management 
approach for the Dungeness River basin in a manner not done before.  Such approaches 
sometimes qualify for pilot program funding.  Applications can be made to state and federal 
agencies for such assistance, such as the US Department of Agriculture.  A Congressional Direct 
Appropriation is also possible, though the current Congress has indicated that these funds will be 
less available than in recent years. 
 
Benefiting property owners will be required to pay the majority of the project costs for the 
Carlsborg sewerage system.  These costs will be assessed to the owners of specific parcels 
according to an assessment methodology that has yet to be developed.  This methodology will be 
developed so no parcel assessment exceeds the benefit conferred to that parcel by constructing 
sewers.   
 
Local Utility District (LUD) financing is the preferred method of funding the property owner 
share of the total project cost for new facilities like a sewer system.  The process for the 
formation of a LUD is defined in RCW 54.16.  This process has not yet been started for a sewer 
system serving the Carlsborg UGA, so actual details cannot be defined and only an estimate of 
how the process may work can be included in this Feasibility Study.  One key question will be 
which property parcels are to be included within the LUD.  It may be that the LUD will use a 
three-tiered approach generally as follows: 
 

• All parcels within the UGA would be assessed for some sewerage facilities, even though 
the parcels may not be served by the Initial System. 

 
• Those parcels which actually border the rights-of-way where sewers are installed for the 

Initial System would be assessed for some additional facilities. 
 

• Those existing parcels that actually connect to and use the sewer facilities would be 
assessed an equitable portion of the net project costs with grants excluded – meaning 
parcels with more than a single family residence would pay more. 

 
Some questions may arise at the concept of assessing parcels not connecting to the sewer in that 
some may feel these parcels receive no benefit from the initial sewer system.  However, the 
concept of assessing for indirect benefit is well established.  Many governmental services are 
funded through general taxes or assessment rather than strictly by user fees.  Schools are the 
most prominent example in that all properties are assessed for schools whether the owners have 
children or not.  Other examples are parks, libraries, and public transportation.   
 
Constructing even an initial sewer system will have some benefit to every property within the 
UGA.  A home fronting the sewer that chooses not to connect benefits in that the sewer exists 
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should their on-site system fail.  Even a parcel not fronting a sewer has a benefit because a sewer 
can be extended if needed.  The sewer becomes like an insurance policy.   
 
The dollar value of these benefits will be determined through a special benefit study once the 
alternatives have been evaluated, the preferred system selected, and the project costs are known. 
 
As noted in previous tables, the costs for a sewer system are large, and even though the benefits 
may be welcome, some property owners may simply be unable to pay their equitable share.  
Median household income for Carlsborg was reported as $ 28,103 in the 2000 Census.  The 
demographics indicate that the community would qualify for low-interest loans while many 
property owners may meet the test of financial hardship and qualify for grants or deferments in 
payment of assessments.  The 2000 Census also reports that about 55 percent of the residents 
were age 60 or older.  Monthly sewer service charges could include a reduced rate for senior 
citizens. 
 
Given these limitations, Table 21 summarizes a possible derivation of the costs that may be 
assessed through a LUD to Carlsborg property owners, with the understanding that the total 
amount assessed does not exceed the increase in property value of the benefiting parcels. 
 

Table 21 
Derivation of LUD Costs for Carlsborg Sewer System 

 
Funding Source Estimated Funding 

Estimated Total Project Cost $ 12,400,000 
Clallam PUD $ -- unknown -- 
Clallam County -- unknown -- 
State Agencies -- unknown -- 
Federal Agencies -- unknown -- 

Assumed Agency Total Grants $ 3,400,000 
Amount Assessed to Property Owners $ 9, 000,000 

 
The funding shown in Table 21 is only an assumption for illustration of the concept.  No agency 
has committed any funds to the project yet.   
 
Inter-Agency Cost Sharing may be possible with other local sewerage agencies, though the 
feasibility of constructing sewers for Carlsborg is not dependent upon any such funding actually 
materializing for the initial facilities.  The cost sharing concept can be explored further in the 
future regarding several possible participating agencies as indicated below: 

• Jamestown S’Klallam Tribe 
• Lower Elwha Klallam Tribe 
• Sunland Sewer District 
• Clallam County 
• Other community sewer systems yet to be developed 

 
For purposes of the Feasibility Study however, the costs summarized above will be used. 
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7.5 Conceptual LUD Assessment Methodology 
 
LUD assessments can be distributed among benefiting properties in many ways.  It is usual to 
begin with a Special Benefit Study that defines the value of every parcel as it is, and as it would 
be if sewer service was available.  The cost of most home improvements is not usually reflected 
in an immediate dollar-for-dollar increase in the potential resale value of the property.  
Construction of a sewer system is no different.  This is reflected in Table 21 as the difference 
between the estimated project cost for the sewer system and the amount assessed. 
 
The challenge in developing most assessment formulas is to equitably distribute project cost 
share in relation to benefit conferred.  This is particularly challenging for Carlsborg because of 
the wide variation is parcel ownership, size, zoning, and development potential.  These 
challenges are usually best met by dividing project costs into several categories and using a 
separate assessment formula for each category.  The actual assessment for each parcel is then the 
sum of the assessment computed for each cost category.   
 
A conceptual assessment methodology that may be appropriate for Carlsborg is summarized 
through the cost categories described below: 
 

1. Area Charge – could be used for facilities sized to benefit the entire UGA, such as the 
reuse system including the pump station, force main, and reuse site. 

 
2. Front Foot Charge – would apply to the footage of a parcel fronting the collection sewer, 

and for many pipe segments would apply to parcel on both sides of a street. 
 

3. Capacity Charge – for an existing developed parcel would be the cost of treatment 
facilities per equivalent residential unit prorated for existing structures in relation to 
possible future development. 

 
4. Added Benefit Charge – would be the cost of treatment facilities for potential future 

developments that could be built on an existing parcel. 
 

5. Service Connection Charge – would include the actual cost to abandon existing on-site 
sewage facilities and connect the structure to the sewer. 

 
6. STEP Charge – would apply to existing mobile homes by replacing existing septic tanks 

with new facilities including a screened pump and the force main to the gravity sewer. 
 
The unit assessment for the above methodology is illustrated in Figure 16 and is summarized in 
Table 22. 
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Table 22 
Conceptual Assessment Methodology 

Charges to be Applied in Various Combinations 
 

Charge Category Assessment Units Assessment Range 
Area Charge Square feet of property $ 0.06 to $ 0.09 
Front Foot Charge Footage on street $ 75 to $ 90 
Capacity Charge One existing SF home $ 2,000 to $ 3,000 
Added Benefit Charge One new equivalent home $ 4,000 to $ 5,000 
Service Connection To existing or future $ 1,000 to $ 3,000 

 
Using the conceptual assessment methodology shown in Table 22, a range of approximate 
assessments for some parcels that may be typical of properties within Carlsborg are shown in 
Table 23. 
 

Table 23 
Typical Conceptual Assessments 

 
Representative Properties Low Range Upper Range 

Existing Single Family Home, lot not dividable $ 12,000 $ 16,000 
Existing Single Family Home on sub-dividable lot $ 25,000 $ 100,000    
Existing Small Commercial Properties $ 18,000 $ 75,000  
Existing Large Commercial Properties $ 40,000 $ 300,000 
Vacant and Undeveloped Properties $ 60,000 $ 2500,000  

Note:  Assessments vary, depending on the number of ERU actually developed 
 
The actual conceptual assessment under the above methodology varies with the lot size and 
several other factors.  Tables 21, 22, and 23 are only a concept.  The actual assessment method 
that may be used would undoubtedly be different.  However, Table 23 does show that small 
commercial properties would be assessed more than small residential parcels.  And large parcels 
with the potential to be developed into higher density uses would be assessed more than parcels 
that cannot be further developed. 
 
Recognizing the limitation of the assessment methodology shown in Table 22, a comparison with 
an actual sewer system assessment for 2006 is shown in Table 24. 
 

Table 24 
Comparable Assessments 
City of Bainbridge Island 

 
Community Properties Assessed Average Assessment 

Rockaway Beach 77 SF residential lots $ 22,869  
Point White 63 SF residential lots $ 19,989 
Pleasant Beach 33 SF residential lots $   8,112 
Emerald Heights 43 SF residential lots $ 26,988 
Blakely School ---- $ 688,195 
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An ‘Assessment Contingencies’ is often provided in LUD financing as an allowance for property 
owners qualifying for an assessment adjustment.  These adjustments could be for financial 
hardship, elderly owner, or that the parcel has a functional on-site sewage system and does not 
want to connect to the sewer system at this time.   
 
Assembling all of the above costs into a monthly cost for a typical property necessarily involves 
many simplifying assumptions, many of which will not necessarily be true should the project 
proceed.  However, recognizing these limitations, Table 23 shows one estimate of what these 
total costs may be on a monthly basis, assuming the assessments are financed at 3 percent 
annually over 20 years. 
 

Table 25 
Estimated Total Cost per Month 

 
Property  Monthly Service Annual Assessment Annual Total 

Single Family $ 45 to $ 60 $ 807 to $ 1,076 $ 1,347 to $ 1,796 
Small Commercial $ 55 to $ 100 $ 1,210 to $ 5,042 $ 1,870 to $ 6,242 
Large Commercial $ 100 to $ 600 $ 2,689 to $ 20,167 $ 3,889 to $ 27,367 

 
The costs shown in Table 25 are only an estimate.  Significant changes will undoubtedly occur 
before the first bills are actually prepared.  However, the costs shown represent the best estimate 
available at this stage of the project. 
 
 
7.6 Alternative Systems and Costs 
 
Many property owners may prefer to continue with on-site sewage disposal systems.  As noted 
earlier, on-site systems meeting current Clallam County requirements for nitrogen removal cost 
from $ 18,000 to $ 20,000 to install plus an additional $ 3,000 to $ 5,000 for the system design 
and permit fees.  Once installed, there are periodic operating costs, which may become more 
expensive as Clallam County considers how to comply the recent and stringent requirements of 
Chapter 245-272A WAC.  The draft OSS Plan recommends that Carlsborg be included in the 
‘marine recovery area’.  According to the WAC, requirements include yearly inspection for non-
conventional systems and every three years for conventional systems.  Most newer septic 
systems in Carlsborg are non-conventional and annual inspections are required.  
 
On-site systems do not last forever.  Mechanical and electrical components need replacement.  
The drainfield will require reconstruction.  Even the concrete tanks decay and eventually must be 
rebuilt.  Gordon Clemans, Senior Environmental Health Specialist with Seattle & King County 
Public Health, stated in April 2007 that his 30 years of experience with on-site systems indicates 
the following life expectancies are reasonable: 

• Concrete structures are usually serviceable for 20 years in small distribution boxes to as 
much as 50 years for large septic tanks. 

• Mechanical equipment like pumps and float switch rarely last as long as 20 years and 
may not reach 10 years in service. 

• Electrical equipment may be serviceable for 20 years. 



  Sewer Feasibility Study 

July 2007  BHC Consultants 82

• Single drainfields and mounds useful lives depends largely on the loadings in that some 
fail within one year while others may last 20 years or more, and multiple disposal 
systems that allow rotation can last for decades. 

 
Clallam County is now involved in starting an on-site septic system management program to 
verify that such systems are performing properly.  The service lives indicated above suggest that 
in Carlsborg even with a community sewer system available, existing on-site septic systems that 
are found to be performing adequately may not need to connect to the sewer for years.  However, 
at such time as an on-site system does fail, connecting to the sewer would be less expensive to 
the property owner than installing conforming repairs. 
 
 
7.7 Wastewater Treatment by the City of Sequim 
 
7.7.1 Alternative Concept 
 
Sewer sewer in association with the City of Sequim is a possible alternative to building a 
separate treatment facility in Carlsborg.  The draft Greater Dungeness Regional Wastewater 
System Plan, dated July 2004, considered sewer service by Sequim for Carlsborg, Blyn, and 
other communities within Sequim vicinity.   
 
Flow projections for the System Plan are provided only for 2022 date.  These used household 
sizes and wastewater flows per home representative of typical western Washington communities.  
Recent data shows household sizes in Sequim and Carlsborg to be smaller with lower sewage 
generation rates.  The resulting values used in the System Plan may be realistic for Carlsborg 
during that time period, particularly as a conservative, upper range for planning purposes.  
However, pipe capacities are usually sized for a longer planning horizon, such as expectations 
for 50 years, as was used in the Feasibility Study. 
 
A simple summary of estimated costs was provided in the System Plan which was developed 
using early 2004 construction costs as reproduced below: 
 Carlsborg Conveyance System  $ 2,300,000 
 Share of Sequim Treatment Facilities  $ 2,700,000 
  Estimated 2004 Total Project Cost $ 5,000,000 
 
The estimates prepared for the Sewer Feasibility Study are intended to reflect costs expected for 
the 2010 to 2012 timeframe.  Accordingly, the estimated costs from the System Plan need to be 
escalated to reflect inflation.  Construction costs have increased an average about 3.5 percent in 
the Seattle area in recent years.  Consequently the 2004 costs from the System Plan must be 
increased 32 percent for comparison with the Sewer Feasibility cost estimates.  The resulting 
adjusted System Plan estimated cost for service to Carlsborg is $ 6,600,000. 
 
The System Plan estimated costs do not include the return of any reclaimed water for reuse in 
Carlsborg.  Hence, some additional facilities would be needed for a direct cost comparison, and a 
more refined estimate of all facilities required would be helpful. 
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7.7.2 Conveyance Facilities 
 
System Plan conveyance facilities begin with a 350 GPM (500,000 GPD) pump station.  That 
pumping rate would be adequate for projected Feasibility Study peak hour flow in 2030, though 
not in 2050 without flow attenuation.  Some attenuation of the flow would minimize the 
pumping capacity required, and the force main size.  The System Plan reportedly envisioned a 
large wet well for the pump station, though not a specific equalization tank. 
 
A force main alignment using the Olympic Trail to reach the point designated by Sequim for 
connection the existing City sewer system would measure about 10,900 feet.  The force main 
could be 8-inch nominal diameter HDPE pipe.  Head loss at 350 GPM would be 4.3 feet per 
1,000 feet with a velocity of about 2.4 feet per second.  Total dynamic loss for 10,900 feet would 
be about 47 feet, which could be managed by a single pump station with 10 horsepower motors. 
 
It is believed possible to suspend the force main from the old railroad bridge for crossing of the 
Dungeness River.  Some seismic concerns may exist with the old bridge structure.  It might be 
appropriate to strengthen the existing structure, or simply accept that some risk may exist since 
no lives would be at risk specifically because the pipe was installed on the bridge.  These factors 
would be addressed through an environmental impact statement regarding the entire alternative 
concept.  Figure 17 shows the approximate alignment of the piping involved in reaching Sequim. 
 
An additional 6,000 feet of gravity sewer within the existing City sewer system is identified in 
the System Plan to be increased from 8-inch to become 12-inch diameter.  This replacement is 
believed to be appropriate. 
 
7.7.3 Treatment Facilities 
 
Information available is not sufficient to evaluate the additional treatment facilities proposed.  
However, there is no reason to believe the System Plan proposal is other than adequate and will 
continue to provide ‘Class A’ water.   
 
Nitrate levels in the ‘Class A’ reclaimed water could be a concern.  The data received from 
Sequim for five days in July 2007 shows nitrate concentrations averaging 1.85 mg/L with a 
maximum of 2.04 mg/L.  These results are only slightly higher than 8 samples reported from 
2005 that averaged 1.63 mg/L.  These sample sizes are not believed sufficiently large to discern 
meaningful trends.  All results are well below the 10 mg/L threshold standard for drinking water, 
and approximate the best results that can be expected from normal biological processes to reduce 
nitrogen compounds. 
 
The System Plan indicates that current average day of the maximum month flow was 0.65 MGD 
in 2004, with a design capacity of 0.80 MGD.  The City of Sequim is currently reported to be 
operating just below 80 percent of the permitted capacity and must soon begin planning for 
additional capacity regardless of decisions made by the regional agencies identified in the 
System Plan.   
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In fact, the City has made such wastewater decisions already.  Engineering plans and 
specifications will be completed in late 2007 for treatment facilities upgrades.  Construction will 
begin in 2008.  The work will be bid as two phases.  Phase 1 will involved the improvements 
needed immediately.  Phase 2 will encompass improvements needed for conditions projected 
through the next 20 years, and will be built if bid prices are within engineering estimates. 
 
7.7.4 Reuse Facilities 
 
The City of Sequim has a goal of reusing 100% of their wastewater effluent.  This is currently 
achieved during the summer, though not during winter conditions. 
 
PUD discussions with Sequim indicated that ‘Class A’ water would be provided at the Sequim 
Meter Shop just north of US 101 and west of Sequim Avenue.  A reuse booster pump station will 
be required.  The capacity can be assumed as equaling the annual average day flow, which will 
approximate the wastewater quantity generated during the summer when reuse water is most in 
demand.  This capacity would average about 40 GPM (58,000 GPD) in 2020, increasing to 75 
GPM (103,000 GPD) in 2030, and 160 GPM ((226,000 GPD) in 2050. 
 
The reuse force main could be placed in the same trench as the reconstructed gravity sewer and 
the conveyance force main, plus a portion in Runnion Road.  The total length would be 18,100 
feet.  Force main size would be determined by an economic analysis.  Clean water can be 
pumped at much higher heads than sewage with considerably better efficiencies.  Assuming a 
160 GPM pumping rate, head losses for a 6-inch diameter pile would be about 4.7 feet per 1,000 
feet.  The friction losses should be computed for 23,000 feet to reach a storage tank site 
(including footage included in Sewer Feasibility Study) and would total about 108 feet. 
 
A storage tank within or near the Carlsborg UGA will be required at an elevation adequate to 
maintain sufficient operating water pressure.  This is also the case envisioned for the Sewer 
Feasibility Study.  The tank should be sized to equalize reuse water supplied from Sequim in 
relation to reuse demands in Carlsborg.  Minimum reuse water pressure supplied to the highest 
elevation user should be at least 30 PSI, which may require a 60 foot tall tank foe about 200,000 
gallons.  However, a storage tank may not be necessary for the initial sewer system and could be 
added later as reuse customers begin service. 
 
Actual pump selection remains to be determined.  Pumps could be either fixed speed or variable 
speed.  Including the dynamic losses, the tank height, and elevation differences the total head 
required is about 190 feet.  The motors would be about 10 horsepower. 
 
7.7.5 Estimated Project Costs 
 
Project cost elements mentioned in the System Plan include sales tax, contingency, engineering, 
and administration.  This indicates that no allowance is included for completing the facilities 
plan, an EIS, permitting, rights-of-way acquisition, environmental mitigation, financing, legal, 
and negotiation of the necessary inter-local agreements. 
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The System Plan estimates implementation would take about six years, which may be a realistic 
time frame.  However, estimated project costs need to be increased at about 3.5 percent annually, 
or about 1.32 times the amount stated in the System Plan to provide a realistic comparison for the 
2012 horizon used in the Sewer Feasibility Study. 
 
Table 26 provides a comparison between the estimated cost of having Carlsborg wastewater 
treated by the City of Sequim, and the estimated cost of a separate decentralized treatment 
facility for Carlsborg.  The comparison is in three columns, or parts.  The first column 
summarizes the cost elements from the Sewer Feasibility Study that are comparable to the 
Sequim facilities.  The second column summarizes the Sequim facilities as described in the 
System Plan, adjusted for inflation, which is incomplete in relation to facilities shown in the 
Sewer Feasibility Study.  The third column adjusts the proposed Sequim facilities to be 
comparable with the facilities shown in the Sewer Feasibility Study.   
 
In addition to the project activities associated with Sequim facilities included in Table 27 as 
Allied Costs, a number of separate or similar project activities would be required for the 
collection system and facilities within Carlsborg.  These would begin with a general sewer plan 
and include environmental, permitting, rights-of-way, and similar elements.  Some of these could 
be added to the related Sequim documents.  Others would be separate activities.  In addition, all 
of the work involved with formation of a local utility district would still be required, including 
preparation of sewer use, rates, and related resolutions. 
 
Charges by Sequim would reportedly use the same rate basis as within the city limits, which 
currently results in $ 43.14 monthly for a single family residence.  Sequim does not want to be 
involved in administering or billing Carlsborg customers, so this cost basis would be reduced to a 
bulk flow charge.  Said charge would be billed according to meter readings for the wastewater 
quantity received at the Sequim city limit.  The PUD would distribute the resulting cost to 
Carlsborg customers according to whatever rate structure was deemed appropriate. 
 
Sequim also will charge for the cost of pumping ‘Class A’ water back to Carlsborg for reuse, and 
perhaps some O&M for any reuse facilities operated by Sequim just for Carlsborg.   
 
The PUD would provide O&M for the sewage collection system, the conveyance pump station 
and force main, and the reuse system.  In addition, the PUD would provide administration, 
engineering, legal, financial, and billing services for the sewer system.  The total for all of these 
charges is not known at this time but is likely to approximate $ 45 to $ 60 monthly per single 
family home shown in the Feasibility Study. 
 
No financing plan has been developed for the System Plan.  Consequently it is not practical to 
estimate how costs would be distributed to benefited property owners as being any different than 
the assessment methodology shown in the Sewer Feasibility Study. 
 
Future expansion of the Sequim regional sewer system and related questions could be managed 
through an agency similar to the Joint Solid Waste Advisory Board, as suggested by Jim Bay.  
This appears to be a workable approach. 



Table 26 
Comparison of Carlsborg Decentralized Facility with Wastewater Treatment by Sequim 

 
Component Feasibility Study System Plan Adjusted System Plan 

      2004 Escalated @ 1.32       
    
Collection Separately Considered Separately Considered Separately Considered 
    
Conveyance Not required PS - 350 GPM   PS - 350 GPM x 10 hp $300,000 $300,000
      8,000 lf x 6 in   Attenuation - provided later $1   
      new bridge   FM 10,900 lf x 8-in $90 $980,000
      6,000 lf x 12 in   Bridge - use existing     
      $2,300,000    Gravity - 6,000 ft x 12-in $150 $900,000
          Estimated Subtotal   $2,180,000
       $3,036,000  Est Project Cost (x factor) 1.5 $3,270,000
                
Treatment   $3,020,000 $2,700,000    Escalated Facilities   $3,564,000
          Equalization incl   
          Effluent Holding incl   
          Outfall incl   
  Est Project Cost $3,926,000   $3,564,000  Est Project Cost   $3,564,000
      
Reuse Pump Station $240,000 Not Included PS - 160 GPM x 10 hp $150,000 $150,000
          Pipeline - 18,100 lf x 6-in $50 $905,000
          Estimated Subtotal   $1,055,000
  Est Project Cost $312,000     Est Project Cost (x factor) 1.5 $1,582,500
Allied Costs Prorated Share $2,215,000 Not Included Assumed Carlsborg Share   $100,000 

Estimated Total   $6,453,000   $6,600,000      $8,516,500
                
Service Charges Monthly Charge $45 to $60 Not Included Monthly Sequim Charge $43.14   
          Monthly PUD Charge 15.00   
          Reuse Charge (estimate) 2.00   
          Monthly Total $60.14   
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The charge by Sequim of $ 0.10 per gallon to handle sludge for processing into biosolids is in 
line with the estimate included in the Sewer Feasibility Study. 
 
7.7.6 Conclusions 
 
Inclusion of Carlsborg into an existing sewer system operated by the City of Sequim has some 
obvious appeal and would relieve the PUD and the Carlsborg community of some operating 
concerns.  However, these factors have costs. 
 
The analysis conducted herein indicates that conveying sewage to Sequim for treatment and 
return for reuse is not likely to be cost effective in terms of capital facilities, nor is it likely to be 
less costly to operate and maintain as would be reflected in the monthly sewer service charges. 
 
It may be that the Carlsborg share of wastewater facilities in the City of Sequim would cost a 
little less than building a stand-alone facility for Carlsborg.  However, that savings is 
significantly exceeded by the cost of two miles of conveyance facilities to deliver the wastewater 
to Sequim, plus three miles of reuse pipeline to return the reclaimed water for benefit to the 
aquifer beneath Carlsborg. 
 
It may be possible to devise some form of trade regarding use of reclaimed water in Sequim for 
increased withdrawal rights to the PUD in Carlsborg.  If so, the estimated project cost for sewer 
service by Sequim is little more than a new treatment facility in Carlsborg.  However, there is no 
assurance the Ecology would grant additional water rights.  Without the return of reclaimed 
water to Carlsborg, the water can not be reused for irrigation to reduce the summer potable 
demand and stretch the availability of existing PUD water rights to support future development 
within the Carlsborg UGA. 
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8 Implementation 
 
8.1 Next Steps 
 
Once the Sewer Feasibility Study is completed the PUD, Clallam County, and the Carlsborg 
community will decide if, in fact, a sewer system for Carlsborg is feasible.  If so, there are a 
number of additional important activities that are required before a sewer system with 
wastewater treatment and water reuse would be designed and built.  A tentative list of these 
activities is included in the Section 6.2.  Not all of these may be required, and not all can be 
defined at this time.  However, some of the more immediate activities that will need to be 
completed are described below: 
 
1. Comprehensive Plan for the Carlsborg UGA needs to be revised and updated to define 
the land uses allowed and expected with a sewer system in place, and the projected population. 
 
2. General Sewer Plan is required by RCW 173-240-050 with projections of future 
populations and wastewater flows, plus an evaluation of sewer collection, treatment, and disposal 
alternatives.  This could be an update of the 1994 and 1998 documents incorporating material 
from this Feasibility Study.  The resulting Plan must be reviewed with affected agencies 
including Clallam County, the City of Sequim, and the Jamestown S’Kallam Tribe; adopted by 
the PUD Commissioners; and approved by the Departments of Ecology and Health. 
 
3. Conceptual Special Benefit Study would evaluate a few properties in several land use 
classifications to estimate the maximum amount that can be assessed for sewer service. 
 
4. Hydrogeological Study with an environmental review would develop the technical 
justification for additional PUD water rights and the appropriate potable water quantity. 
  
5. Amended Water Right Application would update and revise the existing PUD application 
based on the Hydrogeological Study and the General Sewer Plan to support the development 
anticipated in the Carlsborg GMA. 
 
6. Funding Program would be developed to describe funding sources for the sewer program, 
how such costs as may exceed the special benefit that can be assessed to the parcels benefiting 
from sewer service will be paid, and applications to various agencies for grants and loans. 
 
7. Zoning changes should be considered by Clallam County to allow development densities 
that can only occur with sewers and provide the economics so property owners can afford the 
sewer system. 
 
8. Local Utility District (LUD) would be formed with a defined boundary and a preliminary 
assessment of sewer costs to specific benefiting parcels within the UGA. 
 
9. Facilities Plan would evaluate wastewater treatment alternatives, reclaimed water reuse 
options, and identify the preferred solution with estimated project costs plus operations, 
maintenance, and administration.  It is typically required when federal funds are involved.  A 
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sewer facilities plan could be prepared jointly with the general sewer plan, or it could follow 
latter once it becomes clear which properties will be served by the initial sewer system. 
 
The activities described above do not include all of the actions needed to implement a sewer 
system, as was noted in Section 6.2.  However, these seven activities do provide an indication of 
the immediate next steps.  Completion of these steps does not guarantee that the sewer system 
will be built.  An LUD can be formed and various plans prepared, but the decision to actually 
construct the facilities or not would still be in the future.   
 
8.2 Tentative Schedule 
 
As indicated by the number of activities listed in Section 6.2, many work elements must be 
completed before a sewer system can begin service.  Some activities can proceed simultaneously.  
Other must follow in a prescribed sequence.  Many of these activities involve a number of 
participants with lengthy process for review and approval.  Some aspects proposed for the 
Carlsborg sewer system involve innovative ideas or applications new to the community, which 
may require some time to gain acceptance.  Some decisions may be challenged, appealed, or 
even litigated.  And some activities that may be required for the project may not even be 
recognized at this time.   
 
Consequently, it is not possible to provide more than a tentative or conceptual schedule at this 
time.  Given the above limitations, Table 27 represents a summary schedule based on the best 
estimate of the time requirements know to date. 
 

Table 27 
Tentative Project Schedule 

 
Activity Duration in Months Start Finish 

1-Comprehensive Land Use Plan 5 Aug 07 Dec 07 
2-General Facilities Plan & Approval 6 Dec 07 Jun 08 
3-Conceptual Benefit Study 4 Jan 07 Apr 07 
4-Funding Program & Applications 4 Mar 07 Jun 08 
5-LUD Formation & Prelim Assessment 4 Jul 08 Oct 08 
6-Sewer System Design & Approval 6 Nov 08 Apr 09 
7-SEPA Determination      (EIS ?) 2 Jan 08 Mar 08 
8-Environmental Mitigation Plan 3 Apr 08 Jun 09 
90-Permit Acquisition 5 Apr 08 Aug 09 
10-Property Acquisition 3 Jul 08 Oct 09 
11-Special Benefit Study 6 Nov 08 Apr 09 
12-Interim Financing 2 Apr 09 May 09 
13-Bond Counsel & Bond Sale 5 May 09 Sep 09 
14-Construction Bid & Award 4 May 09 Aug 09 
15-Final Assessment Roll 4 Sep 09 Dec 09 
16-Sewer System Construction 15 Oct 09 Dec 10 
17-System Acceptance & Startup 2 Jan 11 Feb 11 
18-Connection of Initial Services  3 Feb 11 Apr 11 
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The schedule shown in Table 26 is labeled ‘tentative’ because it has many uncertainties.  The 
durations shown are believed to be realistic estimates, if everything proceeds as rapidly as 
practical.   
 
Given the uncertainties incorporated into the activities listed, the work may not proceed as 
rapidly as shown.  About 12 months of time contingency should be allowed, which indicates the 
sewer system could begin operations in early 2012. 
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9 Feasibility Summary 
 
9.1 Technical Considerations 
 
The feasibility of implementing any sewer system involves the same three elements.  Other 
alternatives for each element would be considered in preparation of a facilities plan; however the 
baseline system chosen for the feasibility study are summarized below: 
 

• Wastewater collection system – gravity sewers, supplemented by STEP units, with at 
least one local pump station. 

 
• Wastewater treatment – influent pump station to membrane bioreactor facility designed 

for expansion in phases producing ‘Class A’ water. 
 

• Effluent disposal or reuse – ‘purple pipe’ in Carlsborg Road conveying reuse water for 
lawn irrigation and other purposes, with disposal site for off-season and surplus water 
beside Matriotti Creek that can be expanded as flows increase, which would have 
environmental benefit during high flow periods if off-channel storage occurs in the 
future. 

 
This Feasibility Study is only intended to provide a baseline of sewerage facilities with estimated 
costs that could be suitable for Carlsborg.  The only wastewater management alternative 
considered was conveying Carlsborg wastewater to Sequim for treatment, which does not appear 
less costly.  Returning reclaimed water from Sequim to Carlsborg for reuse is clearly more 
expensive.  Further evaluation of alternatives will be required.  Selection of the actual cost-
effective sewerage system to be implemented would be done through a facilities plan to be 
prepared in a subsequent phase. 
 
Previous sections of this Study have shown that no serious technical problems are apparent in 
developing a wastewater for the Carlsborg UGA.  That said, there are several interesting 
engineering, design, and construction challenges to be resolved: 
 

• A local sewage lift station will be needed at least on Gupster Road.  Field survey 
conducted for the collection system design may indicate a second or even third pump 
station could be cost-effective, or part of the service area could be better served by a 
vacuum sewer system. 

 
• Some segments of the gravity sewer interceptor flowing north in Carlsborg Road may 

reach trench depths of about 19 feet.  This depth is well within the range of normal 
construction methods, but the excavation is expensive.  The depth is not required by the 
topography along Carlsborg Road, but by gravity sewer gradients required to serve the 
ground elevations to the east and west for parcels within the UGA.  It may be that 
evaluations performed during the facilities planning process will find a more cost-
effective solution, either with a pump station or two, or a different sewer route. 
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• The crossing of US 101 will require jacking or a horizontal directional drill and may 
encounter some sizable obstructions.  Such difficulties are not uncommon around Puget 
Sound and have been overcome for other similar projects. 

 
• Wastewater treatment to ‘Class A’ standards appears to be almost a requirement to 

implement the project.  This quality can be accomplished with several readily available 
treatment processes.  The current state-of-the-art treatment process is the membrane 
bioreactor.  This process can be easily applied to Carlsborg. 

 
• Standards for producing ‘Class A’ water require the treatment process include redundant 

equipment and provisions for emergency storage in the event the treatment process fails.  
These are not onerous technical requirements, though they do add to the cost and 
complexity of the facilities. 

 
• Effluent disposal through a point discharge to a surface water body is not likely to be 

acceptable.  Regulator agencies will encourage wastewater reuse.  Several reuse options 
appear viable in the Carlsborg vicinity including irrigation within or outside of the UGA, 
augmentation of local water bodies like the Dungeness River or Matriotti Creek, and 
subsurface percolation through the soil to recharge the ground waters. 

 
• Reclaimed water reuse is expected to vary seasonally with the demand greatest during the 

summer.  However, wastewater volume is expected to be greatest during the winter.  In 
any event reclaimed water storage will be limited.  If the reclaimed water is not used 
within a relatively short time period, a disposal facility will be required that is functional 
even during wet weather.  A percolation system of some sort may be the best solution. 

 
• Solids or sludge will be produced and require disposal.  However, the solids content 

leaving the treatment process is very low and quite liquid.  Initial quantities will be small 
so the initial investment in sludge processing equipment need not be large; however, 
facilities must be included in the design to store and thicken the sludge for hauling to a 
site that can stabilize the decay of the organic matter.  Over time, additional equipment 
may be justified to dewater the sludge and perhaps to process it into a reusable biosolid. 

 
Some of the wastewater technical and management issues can be resolved in association with 
other local sewerage agencies.  These arrangements can be expected to evolve over time as the 
wastewater quantities increase and the customer base expands. 
 
 
9.2 Regulatory Considerations 
 
The current regulatory climate is different than it was in 1994, or in 1998 when a sewer system 
was last considered for the Carlsborg community.  Determining the feasibility of implementing a 
sewerage system for Carlsborg is now more complex.  Some of the more significant regulatory 
issues that should be considered in deciding on feasibility, and will need to be addressed if the 
decision is to proceed, are outlined below: 
 



  Sewer Feasibility Study 

July 2007  BHC Consultants 94

• Facilities planning will have to develop alternatives for the principal wastewater 
components (collection, treatment, reuse, disposal, and sludge management), evaluate 
them, select the preferred combination based on cost-effective analysis, and prepare a 
preliminary design. 

 
• Capacity sizing of the facilities will be determined by the highest and best use allowed 

under zoning and land use regulation adopted by Clallam County in support of 
appropriate urban densities in compliance with growth management regulations. 

 
• Facilities design must comply with the Department of Ecology requirements as defined in 

the current edition of ‘Criteria for Sewage Works Design’. 
 

• Collection facilities and some structures will be governed by Clallam County through the 
building code, utility franchise, rights-of-way permits, grading permits, sensitive areas 
requirements, and related regulations. 

 
• Reuse of water reclaimed from wastewater will be regulated under ‘Water Reclamation 

and Reuse Standards’ issued jointly by the Departments of Health and Ecology. 
 

• Impacts to the drinking water aquifers, or the potential for impacts, are regulated under 
the federal ‘Safe Drinking Water Act’. 

 
• Additional water rights for Carlsborg are highly desirable, maybe even essential for the 

community to achieve urban development densities.  Since new water rights are not being 
issued for the Dungeness River and the based is currently being treated as ‘closed’; the 
process to obtain additional water rights is considerably more involved than simply 
making an application.  It may be possible to demonstrate a net environmental benefit by 
withdrawal of water from a deep aquifer, reclaim the water, and use it to augment stream 
flow to improve the habitat for an endangered species.  A hydrogeologic evaluation will 
be needed to establish the relationship between Dungeness River outflow, lower aquifer 
withdrawals, aquifer water quality improvements, and habitat benefits – all against the 
fact that the water is supplying new commercial and residential development. 

 
Some of these requirements are still evolving.  Others may appear before any facilities will be 
completed.   
 
9.3 Environmental Feasibility 
 
Several environmental issues exist in the Carlsborg area and provision of sewers should result in 
a net benefit to the environment: 

• Nitrates are an increasing concern to residents and to health officials.  The current 
Clallam County requirements for on-site sewage treatment to reduce nitrates in septic 
effluent will help alleviate these concerns: 

 Nitrates in drinking water 
 Nutrients and bacteria in Dungeness Bay 
 Low flow in the Dungeness River and tributary creeks 
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 Water quality in the surface waters 
However, even if all on-site systems in Carlsborg were upgraded to the modern standard, 
and if all system were maintained and operated properly, nearly half of the nitrates would 
still be entering the aquifer to pollute the drinking water.  Only a sewer system will 
collect the wastewater, remove the vast majority of the nitrates, and use the reclaimed 
water in an environmentally beneficial manner. 

 
• WRIA 18 and the Dungeness River are an important water body for many environmental 

reasons; however, the river is also the principal source to replenish the drinking water 
aquifer and for irrigation water to local agriculture, landscaping, and native vegetation.  
Ecology’s instream flow rule making process will establish how much water the river 
needs to support endangered fisheries. 

 
• Endangered species may benefit from integrated water management through combining 

surface water, groundwater, stormwater, irrigation, drinking water, instream flow rules, 
and habitat mitigation programs into a holistic approach. 

 
These and other more specific environmental concerns will be addressed through preparation of 
a SEPA Checklist and a Determination of Significance, which may require an Environmental 
Impact Statement. 
 
9.4 Financial Feasibility 
 
Implementing a new sewer system is expensive.  Realistic and comprehensive cost estimates for 
this project have been developed in earlier section of this report.  Funding and grants from 
government agencies of all levels will be necessary to achieve financial feasibility.  The funding 
amount, and how much will be provided by which agencies, remains to be determined. 
 
Section 7.7 analyzed the alternative of conveying wastewater to Sequim for treatment, and found 
estimated costs to be similar or slightly more than a separate decentralized treatment facility in 
Carlsborg.  Returning reclaimed water from Sequim to Carlsborg for reuse is clearly more 
expensive than a decentralized facility, which is why decentralized facilities are becoming more 
popular.   
 
A special benefit study will be one of the next key steps for the project.  Such a study will define 
the maximum amount that can be assessed to all of the benefiting properties.  The difference 
between that maximum amount and the estimated total project cost is the minimum agency 
funding required. 
 
A financial program will then be needed to identify specific agency funding sources, make the 
applications, and secure the needed money.  The amounts anticipated to be required are 
significant; yet are believed achievable for several reasons: 

• Economic development of the Carlsborg UGA is a priority for Clallam County. 
• A number of property parcels offer significant building opportunities to the owners which 

may qualify for investment by banks or developers. 
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• Many of the existing property owners are elderly with low incomes, which means the 
cost of sewers for many may qualify as financial hardship and create eligibility for grant 
and other financial assistance. 

• Public health is an increasing concern due to the rising levels of nitrates in the aquifer 
used by many for drinking water, which may qualify for financial assistance. 

• Augmenting stream flows should benefit salmon recovery efforts and may warrant 
funding assistance for an endangered species. 

• Reuse of reclaimed water may allow better use of existing potable water resources and 
qualify for funding to implement such a program. 

 
The above reasons suggest that adequate financing may be available to fund at least an initial 
sewer system for Carlsborg. 
 
9.5 Public Comment 
 
Support of the residents and property owners within the Carlsborg UGA is the critical component 
for implementation of a sewer system.  The problems with on-site sewage systems in the 
Carlsborg area have been known for years.  Several previous studies have attempted to form a 
viable plan to provide sewers to the community.  Public meetings with the community during 
this Study have found some support for actually implementing an initial sewer system now.   
 
The project team developed a public involvement program to provide information of the 
conceptual sewer system and to ask for feedback from the community.  Two public meetings 
were held.  The questions and comments received from these meetings are described in 
Appendix B, and summarized here.  Public comment has been an important consideration in 
evaluating the feasibility of a Carlsborg sewer system. 
 
Figure 18 summarizes the public comment received to date regarding the conceptual Initial 
Sewer Service Area. In response to comments received following the second public meeting, 
revisions to the Initial Sewer Service Area were considered.   The scattering of parcels identified 
with ownership comments indicates the challenge of crafting an initial service area that satisfies 
most of the community at an affordable cost.  Land owners expressed mixed opinions regarding 
their intent to connect to the initial sewer system.  The initial service area concept does include 
those parcels that could be served by the sewers initially installed so cost can be distributed as 
widely as possible so the cost per parcels is as low as possible.   
 
A revised initial service area adding the Alta Vista area on Winterhawk Street and the parcels on 
Harrison Road is shown in Figure 19.  These additions would increase the estimated project costs 
shown in Tables 18 and 19 by about $ 500,000 for an estimated $ 13,000,000 total project cost.  
The units cost assessed shown in Tables 22 and 23 may be lower though since more parcels may 
benefit. 
 
Section 7.5 described a conceptual method of distributing costs.  The actual method will be 
different.  The revised initial service area would not require connection by those property owners 
that do not want sewer service.  However, the assessment method adopted may find that the 
presence of sewers benefits various parcels in different degrees.  Accordingly some parcels may  
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be assessed some costs but not others, whether connected to the sewer or not.  These are 
decisions to be made later. 
 
This Sewer Feasibility Study is intended to provide the documentation necessary for the 
Carlsborg community, the PUD, and Clallam County to reach a decision as whether further steps 
towards building a sewer system in Carlsborg should be taken.  As described in Section 7.2, a 
number of steps must be completed before a final commitment to build sewers is actually made.   
 
A third public meeting will be held to present the results of this report to the community.  If it is 
deemed feasible to proceed further with planning to initiate sewer service for some part of the 
Carlsborg UGA, the actual initial sewer service area will be determined through a public process 
that may occur concurrently with preparation of the revised comprehensive plan for Carlsborg by 
Clallam County to establish land use densities compatible with sewer service. 
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ABREVIATIONS 
 
AWWF Average Wet Weather Flow 
CFR  Code of Federal Regulations 
CIP  Capital Improvement Program 
CWA  Clean Water Act 
DOH  Washington State Department of Health 
EOE   Washington State Department of Ecology 
EPA  United States Environmental Protection Agency 
ERU  Equivalent Residential Unit 
ESA  Endangered Species Act 
FEMA  Federal Emergency Management Act 
FPS  Feet per second 
FWPCA Federal Water Pollution Control Act (“The Clean Water Act”) 
GMA  Growth Management Act 
GPCD  Gallons per capita per day 
GPAD  Gallons per acre per day   
GPD  Gallons per day 
HPA  Hydraulic Project Approval 
I & I  Infiltration and Inflow 
JARPA Joint Aquatic Resources Permit Application  
LUD  Local Utility District 
MGD  Million Gallons per Day 
mg/L  Milligrams Per Liter 
MSL  Mean Sea Level 
NEPA  National Environmental Policy Act 
NPDES National Pollutant Discharge Elimination System 
OCD  Washington State Office of Community Development 
OFM  Washington State Office of Financial Management 
PVC  Polyvinyl Chloride 
RCW  Revised Code of Washington 
SBR  Sequencing Batch Reactor 
SEPA  State Environmental Policy Act 
SRF  State Revolving Fund 
UGA  Urban Growth Area 
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USFWS United States Fish and Wildlife Service  
WAC  Washington Administrative Code  
 
 
 
GLOSSARY 
 
100-year flood:  The magnitude of a flood likely to occur, on average, once every 100 years.   
Anoxic Tank:  A tank for holding wastewater without adding oxygen 
Average Wet Weather Flow:  Wastewater flow during period when groundwater table is high 
and precipitation is at its peak, generally from October to May in the Carlsborg area. 
BOD:  Biochemical Oxygen Demand measures the oxygen consumed by a sample during a 5-
day test period to determine the quantity of organic matter present 
Class 1 Stream:  A perennial or intermittent stream that is used by threatened or endangered fish 
or larger numbers of other fish, or that is used as a direct source of water for domestic use. 
‘Class A’ Reclaimed Water:  An oxidized, coagulated, filtered, disinfected wastewater with the 
median total cloiform count not exceeding 2.2 per 100 milliliters. 
Denitrification:  The process of reducing nitrate and nitrite, highly oxidized forms of nitrogen 
available for consumption by many groups of organisms, into gaseous nitrogen by depriving the 
wastewater stream of oxygen. 
Infiltration:  Groundwater entering the sewage collection system through defective joints, pipes, 
and improperly sealed manholes. 
Inflow:  Sewage flows resulting from stormwater runoff entering the sewage collection system, 
typically through manhole covers, roof leaders, and area drains connected directly to sewer, cross 
connections from storm drains and catch basins, and direct flows into broken sewers. 
Instream Flow Rule-Making Process:  A process guided by the Washington State Department 
of Ecology working with local agencies for surface water management by establishing  minimum 
instream flows to protect aquatic habitat and resources in relation to offstream water rights. 
Maximum Monthly Flow:  Average daily flow during the highest flow month of the year. 
National Flood Insurance Program:  Federally funded program providing flood insurance to 
property owners in flood plains provided the local government meets certain criteria for 
management of flood damage risk. 
Nitrates:  A salt of nitric acid with an ion composed of one nitrogen and three oxygen atoms. In 
organic chemistry the esters of nitric acid and various alcohols are called nitrates. 
Nitrification:  The biological oxidation of ammonia with oxygen into nitrite followed by the 
oxidation of these nitrites into nitrates. 
Orange Book:  Criteria for Sewage Works Design, published by the Washington State 
Department of Ecology 
Peak Hourly Flow:  Wastewater flow during the highest flow hour. 
Pre-aeration Tank:  A tank for mixing air into wastewater influent to raise the dissolved 
oxygen content before the wastewater enters the treatment process tank. 
Sensitive Area:  Area in which development potential is limited by environmental factors such 
as steep slopes, wetlands, and valuable natural habitat. 
Sewer Lateral:  A sewer with no other common or public sewers discharging into it. 
Sewer Submain:  A sewer that receives flow from one or more lateral sewers. 
Sewer Main or Trunk:  A sewer that receives flow from one or more submains. 
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Sewer Interceptor:  A sewer that receives flow from a number of main or trunk sewers, force 
mains, etc. 
STEP System:  Septic Tank Effluent Pump is a decentralized sewer system retaining septic 
tanks at the individual properties and collecting only the septic liquid with few solids. 
Urban Growth Area:  Area in which urban development must be contained, as stipulated by the 
Growth Management Act, and urban service must be provided, including public sewers. 
 
 
APPENDICIES 
 
Appendix A Report of Examination for Existing Clallam PUD Well 
 
Appendix B Public Involvement 
 
Companion Document – 

‘Carlsborg Treated Wastewater Disposal and Reuse Options’ 
 Technical Memorandum, Aspect Consulting, April 6, 2007 
  
 




























































































































