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Executive Summary 
�d�Z�������]�š�Ç���}�(���W�}�µ�o�•���}�[�•��(City) wastewater collection system is a major component of the City�[�• 
infrastructure and largely goes unnoticed. The City has a longstanding goal to reduce inflow and 
infiltration (I&I) into the sewer system and has implemented several projects over the last 
15 years to maximize capacity, reduce I&I, and extend the useful life of the existing system.  

These projects have been successful, reducing maximum daily flow 27 percent per capita 
between 2006 and 2020. Based on prior analysis, infiltration was reduced 19 percent between 
2006 and 2014. Overall, the past actions by the City have been successful and the City has been 
able to defer multiple large capital improvement projects to increase hydraulic capacity; 
however, based on the analysis contained within this report, it is unlikely additional 
cost-effective I&I reduction will be achievable at the level necessary on a system-wide basis to 
further defer these projects to increase hydraulic capacity.  

System-wide I&I for the City accounts for approximately 19 percent of the City�[�• sewer flows on 
an annual basis. This costs the City (at current Kitsap County (County) rates) about $35,000 per 
year. While this is a relatively modest expense compared to implementing I&I reduction 
projects that provide a limited return, the benefit is minimizing flow to the County�[�• Central 
Kitsap Wastewater Treatment Plant and maximizing its available capacity to accommodate for 
future growth.  

As part of this analysis, three sewer drainage basins were identified as having high levels of I&I. 
The commonalities in these basins include they are in the oldest/historic parts of the City, they 
are in areas developed with no standalone storm infrastructure, and they are generally located 
near sea level (bottom of the hill). The basins identified are served by the following lift stations.  

�x 6th Avenue Lift Station  
�x Marine Science Center Lift Station  
�x 9th Avenue Lift Station  

Based on the analysis in this report, the 2020 peak day flow rate was 160 gallons per capita per 
day (gpcd), �Á�Z�]���Z���]�•�������o�}�Á���š�Z�����h�X�^�X�����v�À�]�Œ�}�v�u���v�š���o���W�Œ�}�š�����š�]�}�v�����P���v���Ç�[�•���~���W���•���P�µ�]�����o�]�v�����(�}�Œ��
�^���Æ�����•�•�]�À�����]�v�(�o�}�Á�_���}�(���î�ó�ñ���P�‰�����X�������•�������}�v���š�Z�������v���o�Ç�•�]�•���}�(���š�Z�����‰�����l���•�š�}�Œ�u�����À���v�š, the peaking 
factor for the City is 4.2, which is within the expected range for jurisdictions of similar size.  

The City experiences peak hour I&I rates ranging from 78 gallons per acre per day (gpad) to 
2,265 gpad, which are relatively low for some of the sewer systems in the region. Other 
jurisdictions within the Pacific Northwest region experience peak hour I&I rates that are 
significantly higher, ranging from 3,584 gpad to 9,218 gpad. As a comparison, King County 
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Wastewater Treatment Division (KCWTD) has estimated new construction to experience I&I 
rates of around 1,500 gpad. Comparatively, the City is succeeding in reducing and maintaining 
lower peak hour I&I rates.  

While flow monitoring was being performed for this analysis, the City experienced a sanitary 
sewer overflow on December 21, 2020. This is the first overflow since 2016 (after the Central 
Interceptor was lined with cured-in-place pipe) and was partially attributed to a few different 
factors, including the downstream Pump Station 67 failures, manhole lids not being 
appropriately bolted down, and a significant high-intensity rainfall event. BHC Consultants, LLC, 
assessed that the rainfall event proceeding this overflow correlates to a 50-year, 2-hour event 
and the storm events presented in Table ES-1. 

Table ES-1: December 21, 2020 Storm Event Recurrence Intervals 
Storm Event Length 

(Hours) 
Recurrence Interval 

(years) 

24 Between 2 and 5 

6 25 

2 50 

In order to reduce the chance of future overflows occurring, it is recommended that the City 
construct an Offline Peak Storage Structure (OPSS) in the immediate future along the Central 
Interceptor near Nordness Place NE in order to capture and detain the wet weather peak flows.  

The City has several capital projects in the sewer Capital Improvement Plan (CIP) that will make 
improvements to infrastructure that currently limit sewer capacity. These projects are not 
addressed within this report and will be part of the ���]�š�Ç�[�•��upcoming Sewer Comprehensive Plan. 
It is important to note that construction of the OPSS will not remove the need for these 
conveyance improvements; however, it allows time for implementation of these large-scale 
projects and a method to prevent overflows.  

The other recommendations to further reduce I&I into the sewer system and reserve remaining 
capacity for growth within the major trunklines, including the Central Interceptor and Lemolo 
Siphon, are as follows:  

�x Develop a program to inspect private side sewers, especially in the basins served by the 
6th Avenue, Marine Science Center, and 9th Avenue Lift Stations.  
o Inspect private side sewers with a push camera, smoke test, or dye test to determine 

if private storm systems are connected to sewer. 
�ƒ This recommendation was made because other sewer purveyors in the region, 

such as Valley View Sewer District and Kitsap County Public Works, have 
performed these inspections as part of sewer main replacement projects and 
have disconnected illicit connections, such as down spouts and sump pumps, as 
part of these projects. 

�ƒ This recommendation also was based on the following conclusions from 
KCWTD�[�•��Regional Infiltration and Inflow Control Program Pilot Project Report, 
which was completed in October 2004: 
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� T̂here is a strong indication that in many service basins, a high 
percentage of I&I originates in laterals and side sewers. 
In the Kent and Ronald pilot projects, the focus of system 
rehabilitation was laterals and side sewers only. An I&I reduction 
effectiveness of approximately 75 percent in each indicates that in 
these cases, the majority of I&I originated in laterals and side sewers. 
In the Manhole Project, manhole rehabilitation resulted in very little 
I&I reduction. This signifies that I&I sources in the basin are from 
other sewer system components. 
In the Mercer Island pilot project, which included only sewer main 
rehabilitation, a 37-percent reduction in I&I indicates that a high 
percentage of I&I originates in other system components, most likely 
laterals and side sewers. 
However, in Lake Forest Park, I&I was reduced by 69 percent by 
rehabilitating sewer mains and manholes only. Therefore, while 
laterals and side sewers may be highly suspect sources of I&I, it is 
necessary to evaluate flow data, review the results of SSES [Sanitary 
Sewer Evaluation Survey] investigations, and possibly use 
pre-rehabilitation system modeling to identify likely sources of I&I.�_ 

o Look for opportunities to disconnect illicit connections, redirect down spouts and 
sump pumps, etc.  

o In areas with no storm infrastructure, consider a capital project to install storm main 
and include private storm/sewer investigation, and disconnect as necessary.  

�x Public Works to use camera truck to video inspect the remaining approximately 
40 percent of the City�[�• sewer system, identify I&I sources, and implement spot repairs 
and corrections.  
o Identify pipe conditions and opportunities for re-lining projects.  
o Correct deficiencies and implement pipe patches, joint sealing, root removal, etc., as 

needed. 
�x Consider replacing older sewer mains adjacent to water mains that are scheduled for 

replacement. At a minimum, the sewer mains should be evaluated to determine the 
existing condition.  
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Introduction 
Background 
The City of Poulsbo Public Works (City) staff sought an analysis of its peak wastewater flows to 
evaluate if recent improvements to its wastewater collection system have significantly reduced 
peak flows �]�v���š�Z�������]�š�Ç�[�•�������v�š�Œ���o���/�v�š���Œ�����‰�š�}�Œ. The purpose was to determine if some of the 
capital improvements recommende�����]�v���š�Z�������]�š�Ç�[�•���î�ì�í�ò��Comprehensive Sanitary Sewer Plan 
(CSSP) could be deferred if peak hour wastewater flows had decreased in recent years. These 
improvements include the State Route 305 (SR 305) force main extension, which would 
alleviate hydraulic capacity deficiencies along the Central Interceptor, and the Lemolo Siphon, 
which would increase the hydraulic capacity in �<�]�š�•���‰�����}�µ�v�š�Ç�[�•���~���}�µ�v�š�Ç�•��downstream sewer 
conveyance system. �������]�š�]�}�v���o�o�Ç�U���š�Z�������]�š�Ç�[�•��Contract for Sanitary Sewer Service with Kitsap 
County Public Works potentially could be negotiated to more favorable terms if the City can 
establish that peak wastewater flows have been dampened. At the beginning of this project, it 
appeared that wastewater flows had decreased over the previous 2 years due to wastewater 
collection system rehabilitation improvements, including pipe replacements, pipe linings, and 
manhole sealing. The City sought to evaluate the apparent infiltration and inflow (I&I) 
reductions through an analysis of rainfall events and flow monitoring data from lift stations and 
instream flow meters. This report will discuss the observed flows, the rainfall events that 
caused them, and the apparent success of I&I reduction projects undertaken in recent years. 

Purpose 
The purpose of the evaluation is to utilize flow metering in various parts of the sewer system to 
quantify and segregate domestic and I&I flows. Based on these I&I analyses, RH2 Engineering, 
Inc., (RH2) will recommend next steps for further I&I evaluation, preferred follow-up I&I 
inspection methods to be performed, and repairs to reduce I&I. This supports the City's effort 
to implement practical recommendations and prioritize expenditures in its sewer capital 
program for the growing city. 

Definitions and Acronyms 
The abbreviations and definitions listed below are used throughout this report. 

�x AAF �t Average Annual Flow:  The average of the flow volumes that occurred over a 
calendar year, expressed as an annual average.   

�x BHC �t BHC Consultants, LLC  
�x City �t City of Poulsbo  
�x CIPP �t cured-in-place pipe 
�x CSSP �t Comprehensive Sanitary Sewer Plan  
�x County �t Kitsap County 
�x EPA �t U.S. Environmental Protection Agency 
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�x Flume �t �:�}�Z�v�•�}�v���t���Ç���&�o�µ�u���W���d�Z�����o�}�����š�]�}�v���Á�Z���Œ�����š�Z�������]�š�Ç�[�•���Á���•�š���Á���š���Œ���]�•���u�����•�µ�Œ���������v����
���]�•���Z���Œ�P�������š�}���š�Z�������}�µ�v�š�Ç�[�•���•���Á���Œ���•�Ç�•�š���u, which is near the intersection of Johnson Way 
NE and Peterson Way NE.  

�x GIS �t Geographic Information System 
�x gpad �t gallons per acre per day 
�x gpcd �t gallons per capita per day 
�x gpm �t gallons per minute 
�x hp �t horsepower  
�x I&I �t infiltration and inflow: 

o Infiltration:  The addition of groundwater into a sewer through pipe or manhole 
joints, cracks, and other defects. 

o Inflow:  The addition of rainfall-caused surface water drainage into a sewer from 
roof drains, yard drains, basement drains, street catch basins, etc. 

�x KCWTD �t King County Wastewater Treatment Division  
�x LF �t linear feet 
�x Marine Science Lift Station �t Marine Science Center Lift Station 
�x MDF �t Maximum Day Flow: The largest volume of flow that occurred during a 1-day 

period, expressed as a daily average.  
�x MGD �t million gallons per day  
�x MH �t Manhole 
�x MH ID �t Manhole identification number  
�x MTU �t master telemetry unit 
�x OPSS �t Offline Peak Storage Structure:  The storage of sewage adjacent to the sewer 

pipe in a tank or other storage device during peak flows. 
�x overflow �t Sanitary Sewer Overflow  
�x PHF �t Peak Hour Flow:  The largest volume of flow that occurred during a 1-hour period, 

expressed as an hourly average.  
�x RH2 �t RH2 Engineering, Inc.   
�x SCADA �t supervisory control and data acquisition  
�x SR 305 �t State Route 305 

Existing Sewer System 
The City owns and operates the sewer system, which covers a service area of approximately 
4 square miles. A summary of general sewer system data is presented in Table 1. 
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Table 1: General Sewer System Data 
Description Data 

Estimated Population Served (City, 2020) 11,5111 

Number of Major Sewer Drainage Basins 8 

Total Length of Sewer Gravity Main Approx. 48.7 miles 

Number of Manholes 1,274 

Total Length of Sewer Force Main Approx. 5.4 miles 

Number of Lift Stations 9 

Johnson Way Flume Average Annual Flow (2020) 0.86 MGD 
1. From 2019 Siphon Feasibility Memo, BHC Consultants, LLC.  

The sewer system schematic from the 2016 CSSP is shown in Figure 1. This graphic was 
modified to show where instream flow meters �Á���Œ�����]�v�•�š���o�o�������]�v���š�Z�������]�š�Ç�[�•���•���Á���Œ���•�Ç�•�š���u��for this 
project. Additionally, �����u���‰���}�(���š�Z�������]�š�Ç�[�•���•���Á���Œ���•�Ç�•�š���u���]�•���•�Z�}�Á�v���]�v Figure 2. As shown in 
Figures 1 and 2, the vast majority of �š�Z�����Á���•�š���Á���š���Œ���(�o�}�Á���(�Œ�}�u���š�Z�������]�š�Ç�[�•�����µ�•�š�}�u���Œ�•���]�•�����}�v�À���Ç������
by gravity sewer mains and lift stations to the Central Interceptor. The Central Interceptor 
converges with wastewater flows from Noll Road immediately upstream of the Johnson Way 
Flume (Flume). The Flume is owned and operated by Kitsap County Public Works and measures 
all t�Z�������]�š�Ç�[�•���Á���•�š���Á���š���Œ�������(�}�Œ�����]�š�����v�š���Œ�•���š�Z�������}�µ�v�š�Ç�[�•�����}�v�À���Ç���v�������•�Ç�•�š���u�U���Á�Z���Œ�����]�š���(�o�}�Á�•��
through the Lemolo Siphon and Pump Station 67 before it enters the Central Kitsap Wastewater 
Treatment Plant. 

Previous I&I Analyses 
I&I analyses were performed for the �•���Á���Œ�������•�]�v�•�����•���‰���Œ�š���}�(���š�Z�������]�š�Ç�[�•���î�ì�ì�ô�����v�����î�ì�í�ò�����^�^�Ws. 
According to the 2016 CSSP I&I analyses, the City�[�•��system-wide wastewater flows were below 
the U.S. Environmental Protection Agency�[�• (EPA) guidelines for infiltration and inflow of 
120 gallons per capita per day (gpcd) and 275 gpcd, respectively. However, those analyses also 
indicated that there was a significant I&I problem in some of the ���]�š�Ç�[�•���•���Á���Œ�������•�]�v�•, and the 
capital improvement plans on those CSSPs outlined an Annual Inflow Reduction Program for the 
City.  

The results of the highest flows from the analyses in the 2008 and 2016 CSSPs, along with the 
inflow analysis presented later in this report, are shown in Tables 2 and 3 for inflow and 
infiltration, respectively. For inflow, there was a 27 percent reduction in maximum day flow per 
capita from 2006 to 2020, as shown in Table 2. For infiltration, there was a 19 percent 
reduction in flow per capita from 2006 to 2014, as shown in Table 3. These results indicate the 
City�[�•���/�˜�/���Œ�����µ���š�]�}�v�����(�(�}�Œ�š�•��over the last 15 years have been successful. 
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Table 2: Historical Inflow Analyses 

 

 

Table 3: Historical Infiltration Analyses 

  

Previous I&I Reduction Efforts 
The City has extended the useful life of its existing sewer system components and increased 
remaining available capacity in its major trunklines by implementing improvements to reduce 
I&I. ���•���]�����v�š�]�(�]�������]�v���š�Z�������]�š�Ç�[�•���î�ì�í�ò�����^�^�W�U���š�Z�����(�}�o�o�}�Á�]ng efforts were previously implemented by 
the City as part of its ongoing I&I Reduction Program:  

�x Marine Science Lift Station (Central Poulsbo sewer drainage basin) �t System 
rehabilitation and I&I reduction was completed in 2008 through pipe bursting of the 
sewer trunklines and replacement of side sewers, which led to a large reduction of I&I 
flows in this basin. 

�x 6th Avenue Lift Station Basin �t Most of the older mains and side sewers in this basin 
were replaced in 2000 and 2001 with a pipe bursting project, including some trunklines 
off 6th Avenue. As stated in the 2016 CSSP, this project likely reduced the sewer flow in 
this basin by 35 percent. 

�x Village Lift Station Basin �t This basin previously experienced high levels of I&I following 
storm events. The City performed smoke testing to find I&I entry points to the sanitary 
sewer. 

�x Liberty Lift Station Basin �t This basin also previously experienced elevated levels of I&I 
following storm events. In 2020, City staff worked with one of the property owners in 
this basin to identify that their drainage system was conne���š�������š�}���š�Z�������]�š�Ç�[�•���•���Á���Œ��
���}�o�o�����š�]�}�v���•�Ç�•�š���u�����v�����P���š���š�Z�������µ�•�]�v���•�•�[�•���•�š�}�Œ�u���]�v�(�Œ���•�š�Œ�µ���š�µ�Œ�������}�v�v�����š�������š�}���š�Z�������]�š�Ç�[�•��

Source
Years 

Evaluated
Date of 

Highest Flow

Daily 
Total 
Flow

(MGD) Population

Daily Total 
Flow per 
Capita
(gpcd)

2008 CSSP 2005 to 2006 1/21/2006 1.673 7,584 221
2016 CSSP 2014 to 2015 3/6/2014 1.580 9,775 162

This Evaluation1 2017 to 2020 12/21/2020 1.846 11,511 160
1 = Max day flow presented is based on the reconstructed hydrograph for this day. 

Source
Years 

Evaluated

Date of 
Highest 

Infiltration

Daily 
Total 
Flow

(MGD) Population

Daily Total 
Flow per 
Capita
(gpcd)

2008 CSSP 2005 to 2006 1/18/2006 1.040 7,584 137
2016 CSSP 2014 to 2015 3/8/2014 1.091 9,775 112
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storm drainage system so it could be disconnected from the sewer system. These efforts 
noticeably reduced rainfall-induced I&I in this basin, as shown in Table 4 and Figures 3 
and 4. These statistics were developed by analyzing the peak flow event before the 
investigation, which occurred on May 2, 2020, to a similarly sized storm event occurring 
on November 16, 2020. These statistics also can be observed in Table 4. Figures 3 and 4 
illustrate the impact the Cit�Ç�[�• efforts to disconnect illicit sewer connections have had 
on the hydrograph response to a 24-hour, 1-inch storm; similarly, the peak hour 
precipitation on both these days was approximately 0.22 inches per hour (in/hr). The 
peak flow dropped from more than 120 gallons per minute (gpm) to approximately 
45 gpm. 

Table 4: Liberty Instream Flow Monitor Flow Comparison Before and After City�[�• 2020 I&I 
Reduction Efforts  

 
 

Figure 3: Liberty Instream Flow Monitor Flows on May 2, 2020 

  

Date
Daily Average 
Flow (gpm)

Peak Hour Flow 
(gpm)

Daily 
Precipitation 

Total (in)

Peak Hour 
Precipitation 

(in/hr)
May 2, 2020 37.6 102.3 1.01 0.22

Novermber 16, 2020 19.4 40.8 1.06 0.21
Percent Flow Reduction 48% 60% - -
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Figure 4: Liberty Instream Flow Monitor Flows on November 16, 2020 

 
Additionally, the City completed the following projects to reduce I&I in its sewer system: 

�x Rehabilitation of 35 manholes in the Noll Road sewer drainage basin and along the 
Central Interceptor. A number of these manholes showed signs of deterioration and I&I 
entering the sewer system. 

�x Cured-in-place pipe (CIPP) lining of approximately 1,900 linear feet (LF) of gravity sewer 
main in the East Poulsbo sewer drainage basin that had defects (such as joint offsets, 
cracked pipes, and root intrusion) that may have been a source of I&I. The primary 
purpose for this project was to rehabilitate the pipe defects and inhibit root intrusion in 
this area, which was causing sewer backups to occur in these sewer mains. 

�x CIPP lining of the Central Interceptor from NE Tollefson Road to Johnson Road 
(approximately 5,000 LF). The primary purpose for this project was to rehabilitate the 
structural integrity of the sewer interceptor since the existing host pipe was 
deteriorating and close to structurally failing in places. 

�x Purchase of a camera truck in 2015. Sixty (60) percent of �š�Z�������]�š�Ç�[�• sewer system has 
been videoed to date and identified deficiencies have been repaired. 

�x Minor spot repairs, patches, crack repair, and seams were sealed on several sewer 
mains immediately implemented as part of video inspection follow-up procedures.  
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�x Installation of Rainstoppers�¡  on all manhole lids. 

�x Resealing of the wet well and repairing a pipe at the Liberty Bay Lift Station. 

Description of Analysis 
Data Collection Devices 
For this evaluation, Johnson Way Flume flows, rainfall, and flow metering data �(�Œ�}�u���š�Z�������]�š�Ç�[�•��
lift stations and instream flow meters were used to collect data. A rain gauge installed at the 
Kitsap County Public Utility District, which records hourly rainfall data, also was used for this 
evaluation. 

Over the period of 2019 to the present�U���š�Z�������]�š�Ç�[�•��instream flow meters were used to measure 
and record real-time flows at selected locations within the sewer system. The instream flow 
monitors used were HACH Flo-Dars.  

Eight of the ���]�š�Ç�[�• nine lift stations have a functional flow meter installed: Liberty; Village; 
9th Avenue; 6th Avenue; Alasund; Applewood; Marine Science; and Bond. These lift stations 
�Œ�����}�Œ���������š�����š�Z�Œ�}�µ�P�Z���š�Z�������]�š�Ç�[�•���•�µ�‰���Œ�À�]�•�}�Œ�Ç�����}�v�š�Œ�}�o�����v���������ša acquisition (SCADA) system. The 
Lindvig Lift Station is the ���]�š�Ç�[�•��only lift station that does not have a flow meter that is 
�]�v�š���P�Œ���š�������]�v�š�}���š�Z�������]�š�Ç�[�•���^�����������•�Ç�•�š���u. In addition, six more instream flow meters were 
installed at various locations throughout the system, which are shown in Figure 2. These meters 
became active in 2019 and, as of the writing of this report, calibration is still being performed. 

Flow Metering 
To supplement flow data from the Flume, flow meters were installed at each of �š�Z�������]�š�Ç�[�•���o�]�(�š��
stations so that each drainage basin could be evaluated for I&I. Additionally, instream flow 
meters were utilized to measure flows through various locations throughout the sewer system. 
The goal was to obtain sufficient flow data to estimate I&I in all regions of �š�Z�������]�š�Ç�[�•��wastewater 
collection system. This will allow repair efforts to be focused on those basins that are found to 
be most deficient. 

The instream flow meters were installed within the flow path of a pipe by accessing the pipe at 
a manhole. The City set up the monitors to record flow in gallons per minute. The start and end 
dates of each flow monitor recording period is presented in Table 5. The evaluations contained 
in this report were performed based on this limited data set. 
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Table 5: Johnson Way Flume, Lift Station, and Instream Flow Meter Recording Dates 

 

To track the flow monitor installation locations (referred to as flow metering locations), each 
instream flow monitor was correlated to the manhole identification number (MH ID) shown in 
�š�Z�������]�š�Ç�[�•���•���Á���Œ���•�Ç�•�š���u���u���‰. The flow metering locations utilized in this evaluation are shown 
in Figure 2.  

Monitoring will continue throughout the year at the Flume, Sol Vei, and SR 305, and then the 
instream flow monitors that were rented by the City for this project will be returned to the 
supplier. 

Analyses and Results 
System Wide I&I Analyses 
Data from 2019 and 2020 were reviewed, and the peak Flume daily flow recorded was 
1.85 million gallons per day (MGD), which occurred on December 21, 2020 (which was a 
Monday). This value was estimated from the reconstructed hydrograph. The Flume did not 
accurately measure flow during peak flow conditions; there is a downstream constriction which 
causes the water level in the Flume to surcharge during peak flows. The surcharged water level 
causes the Flume to read flows of more than 7,000 gpm, which are not reasonable for the City. 
The hydrograph for these time periods were reconstructed by RH2 to estimate the peak flows 
through the Flume over these time periods, by extending the flow trends of the hydrograph 
from the rising trend before and subsiding trend after these time periods to recreate flows 

Data Recording Start Date Data Recording End Date

Johnson Way Flume 10/16/2019 ongoing

Lift Stations Data Recording Start Date Data Recording End Date
6th Avenue 9/22/2020 ongoing

Marine Science 9/22/2020 ongoing
9th Avenue 9/22/2020 ongoing

Alasund 9/22/2020 ongoing
Applewood 9/22/2020 ongoing

Bond 9/22/2020 ongoing
Village 9/22/2020 ongoing
Liberty 9/22/2020 ongoing

In-Stream Flow Meters Data Recording Start Date Data Recording End Date
6th Avenue Flow 4/6/2020 ongoing

Sol Vei 12/17/2019 ongoing
Liberty 4/6/2020 1/5/2021 

Village South 1/11/2021 ongoing
Village 4/6/2020 ongoing
SR 305 12/17/2019 ongoing

Noll Road 1/14/2021 ongoing
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during these time periods. The reconstructed hydrograph was essential in the effort to 
accurately predict the peak flow values observed at the Flume during the surcharging event. 
The peak flows that occurred on December 21, 2020 primarily were due to the I&I experienced 
in the sewer system as a result of 2.3 inches of rainfall that occurred over the 24 hours prior to 
the overflow event. This corresponds to a 2-year, 24-hour rain event for the City according to 
the isopluvial maps found in the 1997 Kitsap County Stormwater Design Manual. The overflow 
�}�����µ�Œ�Œ���������o�}�v�P���š�Z�������]�š�Ç�[�•�������v�š�Œ���o���/�v�š���Œ�����‰�š�}�Œ���v�����Œ���š�Z�����]�v�š���Œ�•�����š�]�}�v���}�(���^�Z 305 and Nordness 
Place NE. The overflow may have been partially due to wastewater flows surcharging 
immediately upstream of the Lemolo Siphon, which may have been amplified by a failure of the 
���}�µ�v�š�Ç�[�•���W�µ�u�‰���^�š���š�]�}�v���ò�ó���(�}�Œ�������u���]�v. Additionally, the overflow manhole was not correctly 
bolted down as it is supposed to be, to prevent overflows from occurring at this location. It 
should be noted that the City has a controlled discharge at Sol Vei, and it has not surcharged 
since the Central Interceptor CIPP project was completed in early 2018. 

The Johnson Way Flume, which measures sewer flows the City sends to the County, surcharged 
between 12:30 pm and 9:00 pm on December 21, 2020 and was measuring flows inaccurately 
during this time. The hydrograph for this time period was reconstructed by RH2 to estimate the 
�‰�����l���(�o�}�Á�•���š�Z�Œ�}�µ�P�Z���š�Z�������]�š�Ç�[�•��Flume over this time period. The reconstructed hydrograph for 
the Flume was based on the sum of combined lift stations flows and flows estimated for the 
East Poulsbo Sewer Basin (Figure 5).  

Figure 5: Johnson Way Flume I&I on December 21, 2020 
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Using the projected 2020 population from the 2019 Siphon Feasibility Memo (BHC Consultants 
(BHC)), the peak Flume daily flow on December 21st equates to 160 gpcd, which is below the 
���W���[�•���š�Z�Œ���•�Z�}�o�����(�}�Œ���]�v���]�����š�]�}�v���}�(�����Æ�����•�•�]�À�����]�v�(�o�}�Á (275 gpcd). These results are summarized in 
Table 6 and indicate the City does not have an excessive inflow issue according to ���W���[�•��
guidelines. 

Table 6: Potential Excessive Inflow Analysis 2019 to 2020 Peak Daily Flow 

  
Further I&I analysis was performed for the peak day (December 21, 2020). I&I in the basin was 
determined by subtracting the 2020 minimum day flows (which was assumed to be domestic 
wastewater only for the purposes of these analyses), which occurred on September 6, 2020 
from the maximum day flow. On the minimum day, 0.7 MGD was discharged through the 
Flume. The resulting peak day I&I was determined to be 1.15 MGD. I&I rates also were 
developed on a flow per sewer basin area basis of gallons per acre per day (gpad) so that the 
basins with higher rates of I&I could be identified. �d�Z�������]�š�Ç�[s I&I on an area basis was 
determined to be 520 gpad, as shown in Table 7. 

Table 7: Peak Day I&I Johnson Way Flume 

 
gpd = gallons per day 

I&I was calculated from the peak hour flows on the peak day. Following the same steps as the 
peak day calculations, the system-wide peak hour I&I was 2.59 MGD or 1,168 gpad. Table 8 
summarizes these results. 

Description Date

Flume 
Daily Flow 

(MGD)

Daily 
Precipitation 
Total (inches)

Flow per 
Capita 
(gpcd)

EPA 
Threshold 

for 
Excessive 

(gpcd)
Max Day 

Flow1
12/21/2020 1.85 2.72 160 275

1 = Max day flow presented is based on the reconstructed hydrograph for this day. 

Max Day 
Average 

Flow (gpd)

Minimum Day 
Average Flow 

(gpd)
Peak Day I&I 

(gpd)

Sewer 
Basin 
Area 
(acre)

Peak Day 
I&I (gpad)

Johnson Way 
Flume 1,845,692 694,912 1,150,781 2,215 520
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Table 8: Peak Hour I&I Johnson Way Flume 

  
gpd = gallons per day 

Average Annual Flow (AAF), Maximum Day Flow (MDF), and Peak Hour Flow (PHF) also were 
determined for the Flume. Flume data was only available back to October 16, 2019. The County 
did not release data prior to this time because of possible errors in the data record. Part of the 
reason older data was not used for this I&I study is because the Flume was replaced in 2018 
due to �š�Z�����}�o�����(�o�µ�u�����µ�v�����Œ���•�š�]�u���š�]�v�P���š�Z�������]�š�Ç�[�•���Á���•�š���Á���š���Œ���(�o�}�Á�•. Additionally, the Flume does 
not measure flows accurately during high flow events. This was observed on the peak flow 
event that occurred on December 21, 2020 and five other instances, which date back to 2019. 
The Flume hydrograph was reconstructed to accurately predict the peak flows on these days. It 
is recommended that a second level sensor is installed with the programming updated so the 
Flume can measure flow more accurately when the water level in the siphon downstream of 
�š�Z�������]�š�Ç�[�•���•���Á���Œ���•�Ç�•�š���u���•�µ�Œ���Z���Œ�P���•���������l���]�v�š�}���š�Z�����&�o�µ�u��. 

In 2019 and 2020, the MDF/AAF peaking factor was 2.1. PHFs were not determined for 2019 
because reliable data was not available. The water level in the Flume may surcharge during 
2019 peak flows due to the downstream capacity restriction, which would have caused the 
Flume to overestimate flows. No overflows were experienced by the City in 2017 through 2019; 
therefore, �]�š���]�•�����•�•�µ�u�������š�Z�����‰�����l���(�o�}�Á���•�]�v�������î�ì�í�ó���]�v���š�Z�������]�š�Ç�[�•���•ewer system occurred on 
December 21, 2020. From the PHF event on December 21, 2020, the PHF/MDF and PHF/AAF 
peaking factors were 2.0 and 4.2, respectively. Table 9 documents these results.  

Max Day 
Peak Hour 
Flow (gpd)

Minimum Day 
Peak Hour 
Flow (gpd)

Peak Hour I&I 
(gpd)

Sewer 
Basin 
Area 
(acre)

Peak 
Hour 
I&I 

(gpad)

Johnson Way 
Flume 3,610,433 1,022,677 2,587,756 2,215 1,168
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Table 9: Johnson Way Flume Flows and Peaking Factors 

 

I&I Rate Summary 
Tables 10 and 11 summarize the I&I analysis presented in the following sections of this report. 
The tables are presented such that the lift stations and instream flow meters are sorted from 
highest to lowest peak day I&I gpad. The 6th Avenue, Marine Science, and 9th Avenue Lift 
Stations were among the highest I&I rates for peak day and peak hour I&I. This makes sense as 
these basins are the older downtown areas of the City that may have been constructed as a 
combined sewer system in the early part of the 20th Century. Additionally, the Alasund Basin 
had an exceptionally high peak hour I&I (gpad) rate, which was over twice as much as the next 
highest basin rate. Fortunately this is a small basin, so the volume of I&I from this basin is small. 
Detailed analyses for each lift station and instream flow meter is summarized in Table 10. 

Year

Annual 
Average Flow 

(gpm)

Maximum 
Daily Flow 

(gpm)

Peak 
Hour 
Flow 

(gpm)1

MDF/AA
F 

Peaking 
Factor

PHF/MDF 
Peaking 

Factor1
PHF/AAF 

Peaking Factor1

20192 565 1,160 - 2.1 - -
2020 599 1,282 2,507 2.1 2.0 4.2

1 = Peak Hour Flows were not determined for 2019. The water level in the flume may have 
surcharged during 2019 peak flows due to the downstream siphon capacity restriction, 
which would have caused the Flume to overestimate flows. No overflows were experienced 
by the City in 2017 through 2019 so it is assumed the peak flow since 2017 in the City's 
sewer system occurred on December 21, 2020.
2 = Flow analyses for year 2019 only contains data for October 16, 2019 through December 
31, 2019.
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Table 10: Maximum Day I&I Analysis 

 

Lift Stations

Max Day 
Average Flow 

(gpd)

Minimum 
Day 

Average 
Flow (gpd)

Peak Day 
I&I (gpd)

Sewer Basin Area 
(acre)

Peak Day I&I 
(gpad)

Percent of 
Minimum Day 

Flow1 (%)

6th Avenue 165,763 25,350 140,413 62 2,265 3.6%
Marine Science 345,347 64,440 280,907 156 1,801 9.3%

9th Avenue 59,252 11,017 48,234 30 1,608 1.6%
Alasund 31,710 12,872 18,838 20 937 1.9%
Village 226,403 82,419 143,985 272 529 11.9%

Applewood 10,927 3,160 7,766 15 528 0.5%
Bond 386,309 99,911 286,398 912 314 14.4%

Liberty 45,615 17,755 27,860 96 290 2.6%

Drainage Basin

Max Day 
Average Flow 

(gpd)

Estimated 
Domestic 

Flow (gpd)
Peak Day 
I&I (gpd)

Sewer Basin Area 
(acre)

Peak Day I&I 
(gpad)

Percent of 
Minimum Day 

Flow1 (%)
Bond and 
Lindvig 340,694 82,156 258,538 816 317 11.8%

In-Stream 
Flow Meters

Max Day 
Average Flow 

(gpd)

Minimum 
Day 

Average 
Flow (gpd)

Peak Day 
I&I (gpd)

Sewer Basin Area 
(acre)

Peak Day I&I 
(gpad)

Percent of 
Minimum Day 

Flow1 (%)

6th Avenue 145,960 20,558 125,402 33 3,800 3.0%
Village South 77,255 48,709 28,546 45 634 7.0%

Village 120,746 30,854 89,893 200 449 4.4%
Liberty 41,623 10,887 30,736 79 389 1.6%

Noll Road 37,515 16,673 20,842 268 78 2.4%
1 = Based on minimum day average flow at lift station, drainage basin, or instream flow meter compared to minimum day 
average flow at Flume.
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Table 11: Peak Hour I&I Analysis 

  

Lift Station/Sewer Drainage Basin Monitoring 
The flow metering data and analyses presented below are organized by sewer drainage basin 
and manhole(s). The pump run times for each lift station are short, which results in a flow spike 
measured by the lift station and downstream flow meters. Flow spikes also may occur due to 
inflow during rainfall events; however, inflow-caused spikes should noticeably vary relative to 
each other in terms of magnitude and frequency. 

Each lift station went through an I&I analysis where the MDF was compared to the minimum 
day flow. Data from �š�Z�������]�š�Ç�[�•���^�����������•�Ç�•�š���u was used for this analysis. Hourly averages were 
used to compare the flow data. A summary of the I&I results can be found in the I&I Rate 

Lift Stations

Max Day Peak 
Hour Flow 

(gpd)

Minimum 
Day Peak 

Hour Flow 
(gpd)

Peak 
Hour I&I 

(gpd)

Sewer 
Basin 
Area 
(acre)

Peak Hour 
I&I (gpad)

Alasund 214,405 8,182 206,223 20 10,260
9th Avenue 184,197 18,514 165,683 30 5,523

Marine Science 694,016 131,857 562,159 156 3,604
6th Avenue 215,997 22,292 193,705 62 3,124
Applewood 42,000 3,165 38,835 15 2,642

Liberty 140,678 19,228 121,450 96 1,265
Village 479,185 161,880 317,305 272 1,167
Bond 765,489 75,286 690,203 912 757

Drainage 
Basin

Max Day Peak 
Hour Flow 

(gpd)

Estimated 
Domestic 

Peak Hour 
Flow (gpm)

Peak 
Hour I&I 

(gpd)

Sewer 
Basin 
Area 
(acre)

Peak Hour 
I&I (gpad)

Bond and 
Lindvig 632,668 57,286 575,382 816 705

In-Stream 
Flow Meters

Max Day  Peak 
Hour Flow 

(gpd)

Minimum 
Day Peak 

Hour Flow 
(gpd)

Peak 
Hour I&I 

(gpd)

Sewer 
Basin 
Area 
(acre)

Peak Hour 
I&I (gpad)

6th Avenue 176,464 11,521 164,944 33 4,998
Liberty 159,847 14,642 145,205 79 1,838

Village South 125,988 62,376 63,611 45 1,414
Village 174,150 9,411 164,740 200 824

Noll Road 64,514 26,047 38,467 268 144
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Summary section presented earlier in this report. Additionally, hydrographs for each basin are 
presented to help illustrate I&I and peak flows. Sharp spikes in the wastewater flow coincident 
with rainfall represent inflow into the system, whereas gradual increases and decreases after 
rainfall events point to groundwater infiltration in the basin. 

6th Avenue Lift Station 
This older, established area south of Hostmark Street has been an area of significant infiltration. 
The mains in this basin were replaced via pipe bursting in 2005 to reduce the I&I in this basin. 
The project reduced I&I in this basin and was successful. However, City staff speculate that I&I 
remains elevated due to storm infrastructure on private properties that are still connected to 
�š�Z�������]�š�Ç�[�•���•���Á���Œ���•�Ç�•�š���u, in part because many side streets in this basin do not have City storm 
infrastructure to tie residential downspouts and sump pumps into. In 2015, the lift station and 
wet wells were upgraded, and the force main was realigned so that wastewater is pumped up 
Matson Street via a 4-inch force main, connecting to the gravity sewer manhole on 9th Avenue 
and Tollefson Street. From there, wastewater is conveyed into the Central Interceptor located 
on SR 305. Little growth is expected within this basin, and any growth that does occur will be 
minor in-fill as the basin is almost entirely built out. 

The 6th Avenue Lift Station saw peak flows on January 12, 2021 (Figure 6), the result of 
3.2 inches of rain occurring on January 11th to January 12th combined. On January 12, 2021, 
there was an average peak day flow of 0.166 MGD discharged to the lift station. When 
compared to the minimum day occurring on September 9, 2020, significant I&I was observed. 
There was 0.140 MGD of I&I, which is approximately 2,265 gpad on a per area basis, making the 
6th Avenue Lift Station basin one of the higher I&I basins in the City. 
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Figure 6: 6th Avenue Lift Station I&I on January 12, 2021 

 

Marine Science Center Lift Station 
The Marine Science Center (Marine Science) Lift Station provides service to the central area of 
the City, including the downtown business area, the Port of Poulsbo, Waterfront Park, and the 
Poulsbo Place neighborhood. A lot of the mains in the north end of this basin were previously 
replaced, and the mains in the south end of this basin are older and contain submerged gravity 
mains along the beach. City staff have noted there are some manholes in this basin with active 
infiltration. It is suspected by City staff that much of the I&I in this basin occurs on private 
�‰�Œ�}�‰���Œ�š�Ç�X���d�Z�������]�š�Ç�[�•���'�/�^�������š�����]�v���]�����š���•���š�Z�������]�š�Ç���Z���•���o�]�u�]�š�������•�š�}�Œ�u���]�v�(�Œ���•�š�Œ�µ���š�µ�Œ�����]�v���š�Z�����•�}�µ�š�Z�����v����
of this basin, as shown in Figure 7. This is an older part of town, and construction techniques 
that were allowable in the past are no longer used. Roof downspouts, foundation, and yard 
drains connected to the sewer may be relics from the days the City had a combined collection 
system. 
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Figure 7: ���]�š�Ç�[�•���^�š�}�Œ�u���/�v�(�Œ��structure near Marine Science Lift Station 

 

The Marine Science Lift Station is located off Front Street, immediately adjacent to the Marine 
Science Center. It pumps flow through a 12-inch force main south along the beach and then 
runs east along Harrison Street, where it connects to the gravity system at the intersection of 
Harrison Street and 9th Avenue. This basin is almost entirely built out and any new 
developments would be in-fill, with a minimal increase of sewer flows. 

The Marine Science Lift Station experienced the highest flows in the data record used for this 
report on December 21, 2020 (Figure 8). This was the result of 1.75 inches of rain within a 
6-hour period on December 21st and a total of 2.72 inches of precipitation throughout the day. 
An average peak day flow of 0.345 MGD was discharged from the lift station. When compared 
to the minimum day occurring on October 5, 2020, 0.281 MGD of I&I was observed. When 
applying a per-acre basis, it equated to 1,801 gpad. 

�d�Z�]�•�������•�]�v�[�•���]�u�u�����]���š�����~�}�Œ���(�o���•�Z�Ç�•���Œ���•�‰�}�v�•�����š�}���Œ���]�v�(���o�o���]�v���]�����š���•���•�µ�Œ�(���������Á���š���Œ�����v�š���Œ�•���š�Z����
collection system as inflow. 
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