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Executive Summary

dz ]15C }( W(Eitpwakfewater collection system is a major component of the [Gity
infrastructure and largely goasinoticed. 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
15years to maximize capacjtyeduce 1&l,and extend the useful life of the existing system.

These projects have been successful, reducing maximum daily flgyer2éntper capita

between 2006 and 2020. Based on prior analysfdtration was reduced 19ercentbetween

2006 and 2014. Overall, the past actions by the City have been successful and the City has been
able to defer multiple large capitahprovementprojectsto increase hydraulic capacijty

however, based on the analysis contained within this repdrts unlikelyadditional

costeffectivel&l reduction will be achievable at the level necessara systermwide basido

further defer these project$o increase hydraulic capacity

Systemwide 1&I for the Cityaccounts for approximaly 19percentof the City[ sewer flowson
an annual basisThis costs the City (at current Kitsap Coy@gunty)rates) about $35,000 per
year. While this is a relatively mdest expense compared to implementing 1&I reduction
projectsthat provide a limited return, the benefit is minimizing flow to the Coujpyentral
Kitsap Wastewater Treatment Plaswhd maximizingts availablecapacityto accommodatdor
future growth.

Aspart of this analysighree sewerdrainage basins were identfil as having high levels of I&l.
The commonalities in these basins inclubey are in the oldest/historic parts diie City they
arein areas developed with no standalone storm infrastruetiandthey are generally located
near sea level (bottom of thiill). The basins identified are served by the following lift stations

x 6% Avenue Lift Station

X Marine Science Center Lift Station

x 9" Avenue Lift Station
Based on the analysis in thigoat, the 2020 peak day flow rate was 160 gallons per capita per
day (gpcd)AZ] Z ]+ o0}A 8Z hX~X VvA]E}vu vS8 o WE}S 3]}v P v G[e -
N ee]A JVv(0}A_ (16 P% X ¢ }v 8Z v oqhelpedKingZ %o | +3}Q
factor forthe City is 4.2which is within the expected range for jurisdictions of similar size.
The City experiences peak hour I1&I ratasging from 78 gallons per acre per day (gpad) to
2,265 gpadwhich are relatively low fosome of the sewesystemsn the regon. Other

jurisdictions within thePacificNorthwest region experience peak hour 1&I rateat are
significantly higher, ranging from 3,584 gpad t218 gpad. As a comparison, King County

1
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Wastewater Treatment Divisioik CWTDRas estimated newanstruction to experience 1&I
rates of around 1,50@pad Comparatively the City is succeeding in reducing and maintaining
lower peak hour 1&I rates.

While flow monitoring was being performed for this analysis, the City experiensaditary
sewer overflow orDecember 21, 2020. This is the first overflow since 2016 (after the Central
Interceptor was linedvith curedin-place pipé and was partially attributed to a few different
factors includingthe downstream Pump Statio@7 failures, manhole lids not being
appropriately bolted down, and a significant higitensity rainfall eventBHC Consultants, LLC,
assessed that theainfall eventproceeding this overfloworrelates toa 50-year, 2-hour event

and the storm events presited inTable ES.

TableES1: Decanber 21, 202torm Event Recurrence Intervals

Storm Event Length Recurrence Interval
(Hours) (years)
24 Between 2 and 5
6 25
2 50

In order to reducehe chance of future overflows occurring, itrscommended that the City
construct an Offline Peak@tage Structure (OPSS)tive immediate future along the Central
Interceptor near Nordness Place NE in order to capture and detain the wet weather peak flow

The City has several capital projectshe sewerCapital Improvement Plai€(B that will make
improvements to infrastructurgéhat currently limit sewer capacity. These projects are not
addressed within this report and will be part of thé S Qipeoming Sewer Comprehensive Plan.
It is important to note that construction of the OPSS will not remdve need for these
conveyance improvementfiowever, it allows time for implementation of thesarge-scale
projects and a method to prevent overflows.

The other recommendations to further reda 1&I into the sewer system and reserve remaining
capacity br growth within the major trunklinesncluding the Central Interceptor and Lemolo
Siphon are as follows:

x Develop a program to inspect private side sewers, especially inabi@s served by the
6" Avenue, Marine Scienc€enter and 9 Avenue Lift Sations.

0 Inspect private side sewers with a push camera, smoke test, or dye test to determine
if private storm systems are connected to sewer

f This recommendation was made becawgher sewer purveyors the region,
such as Valley View Sewer District aitdd County Public Workbave
performed these inspections as part of sewer main replacement projects and
havedisconnected illicitonnections, such as down spouts and summps, as
part of these projects

f Thisrecommendatioralsowasbased on the follwing conclusions from
KCWTD Regional Infiltration and Inflow Control Program Pilot Project Report
which was completeth October 2004

2
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There is a strongndication that in many service basins, a high
percentage of&l originates in laterals and sidevsers.

In the Kent and Ronald pilot projects, the focus of system
rehabilitation was laterals and side sewers only. &nréduction
effectiveness of approxiately 75 percent in each indicates that in
these cases, the majority afl originated in lateraland side sewers.

In the Manhole Project, manhole rehabilitation resulted in very little
I&I reduction. This signifies tha&ll sources in the basin are from
other sewer system components.

In the Mercer Island pilot project, which included only sewer main
rehabilitation, a 3%percent reduction in&l indicates that a high
percentage of&l originates in other system components, most likely
laterals and side sesvs.

However, in Lake Forest Par&| ivas reduced by 6@ercent by
rehabilitating sewer mains angianholes only. Therefore, while
laterals and side sewers may be highly suspect sourcéd,af is
necessary to evaluate flow data, review the results SE$Sanitary
Sewer Evaluation Sunjeyvestigations, and possibly use
pre-rehabilitation system radeling to identify likely sources &ll.

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

o In areas with no storm infrastructureonsider a capital project to install storm main
and include private stan/sewer investigation, and disconne&$ necessary.

x PublicWorksto use camera truck to video inspect the remainapproximately
40 percentof the City[ sewer system, identify &I sources, and implement spot repairs
and corrections.
o ldentify pipe condtionsand opportunities for rdining projects.
o Correct deficiencies and implement pipe patches, joint sealing, root removalastc.
needed

x Consider replacing older sewer mains adjacent to water mains that are scheduled for
replacement. At a minimupthe sewer mais should be evaluated to determine the
existing condition.
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Introduction

Background

The City of Poulsbo Public Works (City) staffghtan analysis ofts peak wastewater flows to
evaluateif recent improvements tdats wastewater collectiorsystem havesignificantly reduced
peak flows]v §Z ]SC[e VS E.dheéparpdse Was foEHetermine ibise of he
capital improvements recommende v §Z ]S QJemprébensive SanitaBewer Plan
(CSSRjouldbe deferred if peak hour wastewat flowshaddecreasedn recent yearsThese
improvements include th&tate Route 3055R305) force main extensiorwhichwould
alleviatehydraulic capacitgeficiencies alonthe Central Interceptqgrandthe Lemolo Siphon,
whichwould increasethe hydraulic capacity in<K]8e¢ % }pv S C [ downsfreefriCsewer
conveyance system. ]5]}v oo CU Eantragt¥@ Fanitary Sewer Servigigh Kitsap
County Public Worksotentiallycould be negotiated to more favorable ternighe Citycan
establishthat peak wastewater flows have been dampenéd the beginningf this project,it
appeaedthat wastewater flowshad decreased over thprevious?2 years due to wastewater
collection systemehabilitationimprovements including pipe replacements, pipe ligsy and
manhole sealing. The Ce#pughtto evaluatethe apparentinfiltration and inflow(1&I)
reductions throughan analysisof rainfall events andlow monitoringdatafrom lift stations and
instreamflow meters. This repat will discuss the observeddilvs, the rainfall events that
caused themand the apparent success of I1&I reduction projects undertaken in recent years.

Purpose

The purpose of the evaluation is to utilitew metering in various parts of the sewer system to
guantifyand segregate domés andl&I flows. Based othese 1&l analyseRHZEngineering,
Inc., (RH2ill recommendnext steps fofurther 1&I evaluaton, preferred followup &I
inspection methods to be performed, amépairsto reduce & This supports th&ity's effort

to implement practical recommendations and prioritize expendituregsisewer capital
program forthe growing city

Definitionsand Acronyms

The abbreviationgnd definitions listed belovare used throughout thiseport.
x AAFtAverage Annual FlawThe averagef the flow volumedhat occured over a
calendar year, expressed as annualaverage.
BHCtBHC Consultant&LC
City t City of Poulsbo
CIPPt curedin-place pipe
CSSR Comprehensive Sanitary Sewer Plan
County t Kitsap County
ERA tU.S. Environmeal Protection Agency

X X X X X X

4
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X Flumet:}Zve}v t C &opu W dZ o} 38]}v AZ E §Z ]8C[* A <5 A &
l* Z EP 3§} §Z }uv3C[swhich ishealtid intersection of Johnson Way
NE and Peterson Way NE.

GISt Geographic Information System
gpad t gallons per acre per day

gpcd tgallons per capita per day
gpm tgallons per minute

hp thorsepower

I&I tinfiltration and inflow

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

o Inflow: The addition of rainfaltaused surface water drainage into a sewer from
roof drains, yad drains, basement drains, street catch basins, etc.

KOWTD t KingCounty Wastewater Treatment Division
LFtlinear feet
Marine Science Lift StatiobMarine Sciace Center Lift Station

MDF t Maximum Day FlowThe largest volume of flothat occured during al-day
period, expressed as a daily average.

MGD t million gallons per day

MH t Manhole

MH ID t Manhole identification number
MTU t master telemetry unit

OPRsSt Offline Peak Storage Structur@he storage of sewage adjacent to the sewer
pipe in a tank or other storage device during peak flows.

x oveflow tSanitary Sewer Overflow

x PHFtPeak Hourlew: The largest volume of flothat occured during al-hour period,
expressed asrahourly average.

x RH2tRH2 Engineering, Inc.
x SCADA supervisory control and data acquisition
X SR 305t State Route 85

X X X X X X

X X X X

X X X X X

ExistingSewer System

The City owns and operates the sewer system, which covers a service area of apprgximatel
4 square miles. A summary of general sewer system data is preseniadlia 1
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Table 1 General Sewer System Data

Description Data ‘
Estimated Population Served (City, 2020) 11,51¢
Number of Major Sewer Drainage Basins 8
Total Length of Sewer Gravitjain 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 Flumi&verageAnnualHow (2020) 0.86MGD

1. From 201%iphon Feasibility Mem&HC ConsultantsLC

Thesewer sygeem schematidrom the 2016 CSSBshownin Figure 1 This graphievas

modified to showwhereinstreamflow metes A E  Jves oo ]Jv §Z ]3QdrthisA (E «Ce$
project Additionally, u % }( $Z ]3C[s « A E - CHgure 2JAs sopwhin ] v
Figures1and?2, the vast majorityof 3Z A «§ A § E (0}A (E}u 8Z ]3C[s pe3}u E
by gravity sewer mias andlift stationsto the Central Interceptor. The Central Interceptor

converges with wastewater flows from Noll Road immediately upstreathe Johnson Way

Flume (Flume). The Flume is owned and operatelitsapCountyPublic Work@and measures

alltz ]3C[« A 3 ASE (}JE ]85 vS8 Ee §Z }uv38C[e VA C Vv +C*3
through the Lemolo Siphon arRumpStation67 before itenters the Central Kitsap Wastewater
Treatment Plah

Previous I&Analyses

|&I analyses were performed forthe A E  e]ve « % ES3 }( §Z ]13C[a 1116 v 1iic
According to he 2016 CSSRI analysesthe City] systemwide wastewater flowsvere kelow

the U.S.Environmental Protection Agen§¢{EPA guidelines for infiltratiorand inflowof

120gallons per apita per day (gpcdnd 275 gpcd respectivelyHowever those analyses also

indicated that there was a significant 1&l problem in some of ti& C [+ « A Eand¢he «

capital improvement plans on those CSSPs outlined an Annual Inflow ReductiomPlogtiae

City.

The results othe highest flows fronthe analysesn the 2008 and 2016 CS$&sng with the
inflow analysis presented latém this report, are shown infables 2 and 3 for inflow and
infiltration, respectively. For inflovihere was &7 percent reduction in maximum day flow per
capita from 2006 to 2020as shown iMable2. For infiltration there was d.9 percent

reduction inflow per capita from 2006 to 2014s shown inrable3. These results indicate the
City[« /7] E u §]}overthpdste5 years hawmen successful.
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Table2: Historicallnflow Analyses

Daily Daily Total
Total Flow per
Years Date of Flow Capita
Source Evaluated Highest Flow (MGD) Population (gpcd)
2008 CSSP 2005 to 2006  1/21/2006 1.673 7,584 221
2016 CSSP  2014to 2015  3/6/2014 1.580 9,775 162
This Evaluatioh 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.

Table3: Historicallnfiltration Analyses

Daily Daily Total
Date of Total Flow per
Years Highest Flow Capita
Source Evaluated Infiltration (MGD) Population (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

Previous &Il Bduction Efforts

The City has extended thesefullife of its existing sewer system components and increased
remaining available capacity in its major trunklines by implementing improvements to reduce
&l < ] v38](] Jv §Z ]8C[e 1ii0 ngefiarts were p(gvionsh}implemented by
the City as parof its ongoing 1&l Reduction Program

X Marine Scienctift Station Central Poulsbo sewer drainage basihpystem
rehabilitation and 1&I reductiomas completed in 2008rough pipe bursting of té
sewer trunklines and replacement of side sewevkich kd to a large reduction of I1&l
flows in this basin.

x 6% AvenuelLift Station Basirt Most of the older mains and side sewers in this basin
were replaced in 2008Gnd 2001 with a pipe bursting projedancluding some trunklines
off 6" Avenue As stated irthe 2016 CSSP, this project likely reduced the sewer flow in
this basin by 35 percent.

x VillageLift Station Basirt This basimpreviouslyexperiencel high levels of&l following
storm events The Ciy performedsmoke testing to find&l entry points tathe sanitary
sewer.

X LibertyLift Station Basirt This basiralsopreviouslyexperience elevatedlevels of &I
following storm eventsin 2020,City staff worked with one of the property owners in
this basin to identify that their drainage system was cone 3} §Z ]3C[e « A E
}oo S]}v eCeS u v P S SZ pe]Vv ee[e ¢S}EU JV(E SEY SUE
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storm drainage system so it could be disconnected from the sewer system. These efforts

noticeably reduced rainfalhduced 1&I in this basin, ahown inTable4 and Figures3
and4. These statistics werdevelopedby analyzinghe peak flow event before the
investigation whichoccurredon May 2, 2020to a similarly sizegtorm event occurring
on November 162020.These statisticalsocan be olserved inTable4. Figures3 and4
illustratethe impact the CiC [efforts to disconnect illicit sewer connectiomsve had
on the hydrograph response toZa-hour, 1-inchstorm; similarly, the peak har
precipitation on both these days wapproximately 0.22nches per hour (in/hr)The
peak flow dropped from more than 12fallons per minutegpm) to approximately

45gpm.
Table4: Liberty Instream Flow Monitor FlonComparison Before and After Cify2020 I1&l
ReductionEfforts
Daily Peak Hour
Daily Average Peak Hour Flov Precipitation  Precipitation
Date Flow (gpm) (gpm) Total (in) (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% - -

Figure3: Liberty Irstream Flow MonitorFlows onMay 2, 2020

Liberty InStream Flow Monitor May 2nd 2020
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Figure4: Liberty Irstream Flow MonitorFlows onNovember 16, 2020

Liberty InStream Flow Monitor November 16, 2020
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Additionally, the Citgompleted the following projects to reduce I&lits sewer system

X

Relabilitation of 35 manholes in the Ndload sewer drainage basin and along the
Central Interceptor. A number of these manholes showed signs of deterioration and 1&I
entering the sewer system.

Curedin-place pipe (CIPP) lining of approximately 1,900 lifeetr (LF) of gravity sewer
main in the East Poulsbo sewer drainage basin that had defects (such as joint offsets,
cracked pipes, and root intrusiotf)at may have been a source of I&he prmary

purpose or this project was to rehabilitate the pipe defiscand inhibit root intrusionn

this area which was causing sewer backups to occur in these sewer mains.

CIPP lining of the Central Interceptor from NE Tollefson Road to Johnson Road
(approxmately 5,000LF. The primary purpos#or this project was toehabilitate the
structural integrity of the sewer interceptor since the existing host pipe was
deteriorating and close to structurally failimg places

Purchaseof a amera truck in 2015Sixty (60) percentf $Z ] $€nMersystemhas
been vdeoedto date andidentified deficienciedhave beerrepaired.

Minor spot repairspatches crackrepair, and seamsvere sealed on severalsewer
mainsimmediately implemented asgut of videoinspectionfollow-up procedures.
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X Instalktion of Rainstoppes j on allmanhole lids.

X Reseaing ofthe wet well and repaingapipeat the Liberty BayLift Station

Description of Analysis

Data Collection Devices

For thisevaluation, Johnson Way Flume flgwainfall, andlow meteringdata(E&}u SZ ]SC]J-
lift stations andinstreamflow meterswere used tocollectdata. A rain gauge installed at the

Kitsap County Public Utility Distrjethichrecords hourly rainfall data, alsowas used for this
evaluation

Over the periodf 2019 to the presenU SZ inst@@mflow meterswere used to measure
andrecordreakttime flowsat selectedocationswithin the sewersystem.Theinstreamflow
monitorsused wereHACH-lo-Dars

Eight of the ] S Qijne lift stations have dunctionalflow meter installed: Liberty; Village;

g Avenue;6™ Avenue; Alasund; Applewood; Marine Scierared Bond. Theskft stations

E }CE § SZEIUPZ 8§Z ]53C[e u%a aBnhiitipH SCAPsy<IENT hev 8
LindvigLift Stationisthe ]S @ply lift station thatdoesnot have a@low meterthat is

]Jvs PE § ]JvsS} SZ ]S C|[k additior, Gix $naréenstreamflow meters were
installedat various locationshroughout the systemwhich are shown ikigure 2. These meters
became active in 2019 and, as of the writing of this repottipcation is still being performed.

FlowMetering

To supplement flow data from the Flume, flow meters were installed at eachdf ][]SC[e 0](S
stations so that each drainage basin could be evaluated for 1&I. Additiomeiigeamflow
meterswere utilized to measure flows through variolscationsthroughout the sewer system.

The goal was to obtain sufficiefibw data to estimae &l in all regions ofS Z ] sv@gtewater
collectionsystem This will allow repair efforts to be focused those basins tat are found to

be most deficient.

Theinstreamflow meterswere installed within the flow path of a pipe by accessing the pipe at
a manhole. The City set up th@onitorsto record flow in gallons per minute. The starid end
dates of each flowmonitor recording perial is presented inTable 5. The evaluations cdained

in this report were prformedbased on this limited data set.
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Table5: Johnson Way Flumaift Station and InstreamFlow Meter Recordindpates

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

To track the flonmonitor installation locaions (referred to aflow meteling locations), each
instream flow monitomwas correlated to the manhole identification number (MH ID) shown in
§Z ]5C[* « A E - Thellow metéiing locations utilized in this evaluation are shown
in Figure2.

Monitoring will continuethroughoutthe yearat the Flume Sol i, and SR305, 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 I1&Analyses

Data from 209 and 2020 were reviewed and the peakFlumedaily flow recorded was
1.85million gallons per day (MGD), which occurredetember2l1, 220 (which was a
Monday). This value was estimated frothe reconstructed hydrograpfhe Flume did not
accurately measurddw during peak flowconditions; there is a downstream constriction which
causes the water level in the Flume to surcharge during peak flvessurcharged water level
causes the Flume to read flows of more tha000 gpm which are not reasonable for ti@ity.
The hydrograh for these time periods were reconstructed by RH2 to estimate the peak flows
through theHume over hesetime periods, by extending the flow trends of the hydrograph
from the rising trend before and subsiding trend afteesh time periodsto recreate fows
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during thesetime 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 flowshat occurredon December 21, 2020 pniarilywere due to the 1&l experienced

in the sewer system as a result2B inches of rainfall that occurred over the 24 hours prior to

the overflow event. Thisorresponds to a-§ear, 24-hour rain event for the City according to

the isopluvial maps faud in the 199°Kitsap County Stormwater Design Manudieoverflow

} HLEE o}vP 8§72 ]SC[e VSE o0 /vS (E %o 308ENGINOENESE v E-

Place NEThe overflonmay have been partially due twastewaterflows sucharging

immediately ugtream of the Lemol&@phon, which may have been amplified by a failoféhe
JUVSC[e WHu% 7S §]}v. Additiopady, theoJerflow manhole was not correctly

bolted down as its supposedo be, to prevent overflows fronoccurring at this locadin. It

should be notedhat the City has a controlled discharge at Sol Vei, and it has not surcharged

since theCentral InterceptoCIPP projeavas completed in early 2018

The Johnson Way Flume, which measures sewer flows theeZitis to the County, scharged
between 12:30 pm and 9:00 pm @ecember 21, 2028ndwas measuring flows inaccurately
during this time. The hydrograph for this time period was reconstructed by RH2 to estimate the
% | (0}Ae+ §Z @E}uFEmMeDdVeristime period. Theconstructedhydrographfor

the Flumewasbased orthe sum ofcombined lift stations flows and flows estimated for the

East Poulsbo Sewer Baghigureb).

Figure5: Johnson Way Flume [&] ddecember 21, 2020

Johnson Way Flume 1&12/21/2020
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Using the projected 2020 population from t2819Siphon Feasibility Mem@HC Consultants
(BHC))the peakFlumedaily flow onDecember 2% equates to160gpcd which isbelow the

W [« 83ZE +Z}o (}E Jv ] 81}v(2T150¢ED. Thide rdsulte vk summarized in
Table6 and indicate theCity does not have aexcessivenflow issue according toW [«
guidelines

Table6: Potential Excessive Inflow Analysis 20tb 2020 Peak Daily Flow

EPA
Threshold
Flume Daily Flow per for
Daily Flow Precipitation Capita  Excessive
Description Date (MGD) Total (inches) (gpcd) (gpcd)
Max Day
Flow'  12/21/2020 1.85 2.72 160 275
1 = Max day flow presented is based on the reconstructed hydrograph for this day.

Furtherl&l analysis was performefbr the peak dayDecember 21, 20201&I in the basimwas
determined by subtracting the 202@inimum dayflows (which was assumed to be domestic
wastewater only for the purposes of these analyses), which occurred on September 6, 2020
from the maximum day flonOn theminimum day 0.7 MGD was dischargeatiroughthe
Flume.The resultingpeak dayl&l was determined to b&.15 MGD. |&tates alsovere

developed on a flowper sewer basin area basi§gallons peacreper day (gpad) sthat the
basinswith higher rates of 1&l could be identifiedl Z  3&} pnan area basiwas

determined to be520gpad asshownin Table7.

Table7: PeakDayl&l Johnson Way Flume

Sewer
Max Day Minimum Day Basin
Average Average Flow Peak Day &l  Area Peak Day
Flow (gpd)  (gpd) (gpd) (acre) I&l (gpad)
Johnson War
Flume 1,845,692 694,912 1,150,781 2,215 520

gpd = gallons per day

I&l was calculated from the peak hour flows on ek day Following the same steps tee
peak daycalculationsthe systemwide peak lour 1&l was 9 MGD or 1168gpad.Table8
summarizes these results.
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Table8: Peak Hour 1&I Johnson Way Flume

Sewer Peak

Max Day Minimum Day Basin Hour
Peak Hour Peak Hour Peak HourI&l  Area &I
Flow (gpd) Flow (gpd) (gpd) (acre)  (gpad)

Johnson War
Flume 3,610,433 1,022,677 2,587,756 2,215 1,168
gpd = gallons per day

Average Annudflow(AAF) Maximum Daylow(MDF) and Peak Houdow (PHFpalsowere
determined forthe Flume Flume d#&a was only available back to October 16, 208 County
did not release data prior to this time because of possible errors in the data reartlof the
reason older data was not used for this 1&l studigasause lhe Flume was replaced in 2018
dueto$Z }o (opu pv E +3Ju S]vP 3Z ]3Apitiohaly tihe Blufddes} A
not measure flows accuratetjuring high flow eventsThis was observed on the peak flow
eventthat occurred on December 21, 2020 arfide other instances, which datback to 2019.
The Flume wdrograph vasreconstructed to accurately predict the peak floars these daysit
is recommended tha& second level sensas installed with theprogrammingupdated so tle
Flume can measure flow more accurately when the wateell@vthe siphon downstream of
§Z ]3C[* « A E *C+3 u pE Z EP - | Jvd} §Z &opu

In 2019 and 2020, the MDF/AAF peaking factor wasPHEsvere not determined for 2019
because reliable dataas not availableThe water level in the Flume may suraiaiduring

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, 13 ]+ eepu  3Z % | (0}A «]v B ystehivoccyied [on «
December 21, 2020From thePHFevent on Deember 21 2020, the PHAMIDF and PHF/AAF
peaking factors wer@.0 and 42, respectively Table9 documents theeresults.
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Table9: Johnson Way FlumElows and Peaking Factors

Peak MDF/AA

Annual Maximum  Hour F PHF/MDF
Average Flow Daily Flow Flow  peaking Peaking PHF/AAF
Year (gpm) (gpm) (gpm)1 Factor Factor' Peaking Factor
2019 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
surcharged during 2019 peak flows due to the downstream siphon capacity restriction
which would have caused the Flume to overestimate flows. No overflows were experie
by the City in 2017 through 2019 so it is assumed the peak flow since 2017 in the City
sewer system occurred on December 21, 2020.

2 = Flow analyses for year 2019 only contains data for October 16, 2019 through Dec
31, 20109.

&I Rate Sonmary

Tablesl0and11 summarize the 1&l analysis presented in the following sections of this report.
The tables are presented such that the lift stations and instream flow matersorted from

highest to lowest peak day 1&I gpad. THe/A/enue, MarineScience, and™®Avenue Lift

Stations were among the highest 1&I rates for peak day and peak hauri&l makes sense as
these basins arthe older downtown areas of the Citlat may have beemonstructed as a
combined sewer system in the early partto& 20" Century Additionally, the Alasund Basin

had an exceptionally high peak hour 1&I (gpad) rate, which was over twice as much as the next
highest basin ratef-ortunately ths is a small basisothe volume of 1&l from this basin is small.
Detailed aalyses for each lift station and instream flow metesummarized iffable10.
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Table10: Maximum Day I&I Analysis

Minimum
Max Day Day Percent of
Average Flow Average Peak Day Sewer Basin Area  Peak Day &I Minimum Day
Lift Stations (gpd) Flow (gpd) &I (gpd) (acre) (gpad) Flow' (%)
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%
Max Day Estimated Percent of
Average Flow Domestic Peak Day Sewer Basin Area  Peak Day 1&I Minimum Day
Drainage Basin (gpd) Flow (gpd) 1&I (gpd) (acre) (gpad) Flow® (%)
Bond and
Lindvig 340,694 82,156 258,538 816 317 11.8%
Minimum
Max Day Day Percent of
In-Stream Average Flow Average Peak Day Sewer Basin Area Peak Day I&l Minimum Day
Flow Meters (gpd) Flow (gpd) 1&I (gpd) (acre) (gpad) Flow" (%)
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 minimur
average flow at Flume.
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Tablell: Peak Hour 1&l Analysis
Minimum Sewer
Max Day Peak Day Peak Peak Basin
Hour Flow  Hour Flow Hour I&l Area  Peak Hour
Lift Stations (gpd) (gpd) (gpd)  (acre) &l (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
Estimated Sewer
Max Day Peak Domestic Peak Basin
Drainage Hour Flow  Peak Hour Hour I&I Area  Peak Hour
Basin (gpd) Flow (gpm) (gpd) (acre) 1&l (gpad)
Bond and
Lindvig 632,668 57,286 575,382 816 705
Minimum Sewer
Max Day Peak Day Peak Peak Basin
In-Stream Hour Flow  Hour Flow Hour I&l Area  Peak Hour
Flow Meters (gpd) (gpd) (gpd) (acre) 1&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

Lift StationSewer DrainagBasin Monitoring

Theflow metering data and analyses presented belom arganized bysewer drainagéasin
and manhole(s)The pump run times for each lift station asbort, which results in a flow spike
measured by thdift station and dowstreamflow meters. Flow spikes alsmayoccur due to
inflow during rainfall events; hogwer, inflowrcaused spikes should noticeabigry relative to

each other in terms of magnitude and frequency.

Eachlift station went through an 1&l analysis where thDFwas compared to theninimum

dayflow. Data fromsS Z

1sG[s "

w3 uSed fothis analysisHourly averages were

used to compare the flowlata. A summary of the 1&I results can be founthiel&l Rate
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Summary section presentecarlierin thisreport. Additionally, hydrographs for each basin are
presented tohelpillustrate 1&l andoeakflows. Sharpspikesin the wastewater flowcoincident
with rainfallrepresentinflow into the systemwhereasgradual increases and decreases after
rainfall eventgoint to groundwater infiltration in the basin.

6" AvenuelLift Station

This older edablished area south of Hostmark Streetsheeen an area of significant infiltration.
The mains in this basin wereplaced via pipe bursting in 2005 to reduce the I&I in this basin.
The project reduced I&I in this basin and was successful. Howevertdtfitypeculate that 1&I
remains elevated due to storm infrastructure on private properties that are still conndoted
§Z ]3C[* « A 8 pe bécause mny sidestreets in this basin do not ha@itystorm
infrastructure to tieresidentialdownspaits and sump pumps intdn 2015 the lift station and
wet wells wereupgraded,and the force mainwasrealigned sdhat wastewater is pumped up
Matson Street via a-#hch force main, connecting to the gravity sewer manhole Bi\@enue
and Tollefson Stet. From there, wastewater is conveyed into the Central Interceptor located
on SRB05. Little growth isexpected within this basirand anygrowth that doesoccur will be
minor in-fill as the basin is almost entirely built out.

The &' Avenue Lift Statiosaw peak flows on January,12021(Figure6), the result of
3.2inches of rain occurring on January"tb January 12 combined On January 12, 2021
there was araveragepeak dayflow of 0.166 MGD discharged to thit station. When
compared to theminimum dayoccurring onSeptember 9, 202&ignificant 1&l was observed.
There wa®.140 MGD of 1&] which isapproximately2,265gpad on a peareabasis making the
6" Avenue Lift Station basin one of the higher 1&I basins in the City.
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Figure6: 6" Averue Lift Stationl&l on January 12, 2021

6th Avenue Lift Station 1&11/12/2021
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Marine Science Center Lift Station

The Marine Science Center (Marine Sciehgk)Stationprovides service to the central area of

the City including the downtown business area, the Port of Poulsbo, Waterfrott, Bad the
Poulsbo Place neighborhoodllot 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 araesmanholes in this basin with active
infiltration. It is suspected by City staff that much of the 1&I in this basin occurs on private

%o E} %0 ESCX dZ ]SC[e '/» S Jv] §e8Z ]SC Z » 0o]Ju]S S} CEuU ]
of this basinas shan inFigure7. This is an older padf town, and construction techniques

that were allowable in the past amo longer usedRoof downspouts, foundation, and yard

drains connected to the sewer may be relics from the days the City had a combined aollectio
system.
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Figure7: ]SC[+ ~ S} GStwucturé@ear Marine Science Lift Station

The Marine Sciendeift Stationis located off Front Street, immediately adjacent to the Marine
Science Center. It pumfiisw through a 12inch force main south along the deh and then

runs east along Harrisd®treet where it connects to the gravity system at the intersection of
Harrison Street and®@Avenue. This basin is almost entirely built out and any new
developments would be Hill, with a minimal increase of sewéows.

The Marine Science Lift Statiexperienced the highest flows in the data record used for this
report on December 21, 2@2(Figure8). This was the result of 1.75 inches of rain within a
6-hour period on December 2and a total of 2.72 inches gfecipitation throughout the day
An areragepeak dayflow of 0.345 MGD was dischargddom the lift station. When compared
to the minimum dayoccurring on Octobes, 2020, 0.281MGD of 1&l was observed. When
applying a pefacre basis, it equated to 801 gpad.

dZ]e e]v[e Juu ] S ~}E& (0 *ZCe* E *%}ve S} E Jv( 00 ]Jv] S « spnC
collection system as inflow.
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