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EXECUTIVE SUMMARY

The Cify of Port Townsend has undertaken the Southwest Sewer Basin Study in order to

evaluate potential future development within and adjacent to existing City limits. This

study was confined to the western portion of existing City limits currently not sewered

and areas just west and southwest of City limits. When identiffing areas to be served

outside City limits, Jacob Miller Road was used as the west boundary since this is the

current limit of City water service. The current City limits represent the Urban Growth
Area (UGA) boundary, but the City and Jefferson County have examined the possibility
of incorporating areas south of the Cify limits into the City's UGA boundary.

Information in this study will be used by City staff as a planning tool as areas not
currently sewered are developed.

An overview of this study is as follows:

Chapter I - Introduction - Provides an overview of study area,

objectives of study, and scope of study.

Chapter 2 - Service Area and Basins - Provides information on sewer

basin delineation and developable areas within each basin.

Chapter 3 - Wastewater Flow and Loading Projections - Presents flow
rates from each basin using flow information presented in CH2M Hill's
City of Port Townsend Wastewater Comprehensive Plan (September,

t9e9).

Chapter 4 - Downstream Analysis of Existing FaciHties - Provides

information on the model used and identification of existing sewer lines

that need to be increased in size.

Chapter 5 - Evaluation of Sewer Service Alternatives - Presents

alternatives and associated costs for serving selected basins.
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CHAPTER 1

INTRODUCTION

BACKGROUND

The City of Port Townsend has undertaken the Southwest Sewer Basin Study in order to

evaluate impacts from potential future development within and adjacent to existing City

limits. This project was undertaken to provide a planning tool for City of Port Townsend

as the western portion of existing City limits and areas west and southwest of the City

limits become developed. This study was confined to the western portion of existing City

limits currently not sewered and areas just west and southwest of City limits. When

identiffing areas to be served outside City limits, Jacob Miller Road was used as the west

boundary since this is the current limit of City water service. The current City limits

represent the UGA boundary; however, the City and Jefferson County have examined the

possibility of including areas southwest of the City limits (Glen Cove area) into the City's

UGA boundary.

OBJECTIVE

The objective of this report is to provide a planning tool to the City in order to assess

impacts to existing wastewater infrastructure as unsewered areas in the western and

southwestern vicinity of the City are developed. The City will use the information

contained in this report in order to assess the following:

. Impacts to existing infrastructure as ultimate buildout occurs within the

western portion of City limits and in areas west and southwest outside of
current City limits.

c Alternatives to serving the southwestern areas within and adjacent to City

limits, which are expected to be developed first.
o Estimated costs to serve selected areas as these areas are developed to

allow the city to allocate costs between developers and the city.
. Wastewater rates and funding needs based on required wastewater

infrastructure improvement costs not borne by developers.

SCOPE

Sewer basins were identified within the study area, along with infrastructure needed to

connect these basins to existing wastewater collection and conveyance facilities. Flows

from each basin were developed using flow information developed by CH2M Hill in the

City of Port Townsend Wastewater Comprehensive Plan (September,1999). These flow

values were used as opposed to the revised flow values in Gray & Osborne's Wastewater

City of Port Townsend L]
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Treatment Facilities Plan (2000) since CH2M Hill's wastewater model was used for this
project. In the event a new model is developed by the City, the revised flows presented
by Gray & Osbome's Wastewater Treatment Facilities Plan Q000) should be used.

CH2M Hill's model was used to evaluate existing collection line capacity for ultimate
buildout within the City and the impacts from additional flows from the basins identified
outside the City limits. Existing sewer lines requiring increased size are identified and
required pipeline size for the additional flows are presented.

Altematives to serving the unsewered areas within the western portion of City limits and
just west and southwest of City limits were examined. Costs were developed for these
alternatives to allow the City to evaluate alternatives.

I-2 Townsend.
December 2009 Sewer Basin Study



CHAPTER 2

SERVICE AREAAND BASINS

BASIN DELINEATION

Sewer basins were identified in the western portion of existing City limits currently not

sewered and areas just west and southwest of City limits. When identiffing areas to be

served outside City limits, Jacob Miller Road was used as the west boundary since this is

the current limit of City water service. The area just southwest of existing City limits

was also examined in this study since developers have approached the City about

servicing this area. The current City limits represent the current UGA boundary;

however, the City and Jefferson County have examined the possibility of including areas

south of the City limits into the Crfy's UGA boundary.

Figures 2-LA and2-1B show delineated sewer basin areas that could be served by the

City wastewater system within the study area. Wastewater flows from each basin will
either gravity flow or be pumped to existing or proposed sewer mains and lift stations.

Sewer basin boundaries were dictated by existing topography and the ability to convey

wastewater to one centralized location within each basin. Proposed sewer lines were

placed to follow existing roads, extensions of existing roads, or property boundaries and

to avoid critical areas for habitat and wetlands. Figure 2-2 presents proposed sewer line

and lift station locations with respect to critical drainages and wetlands. Wetlands and

critical areas within City limits were provided by City of Port Townsend. Wetlands

depicted outside the City limits were obtained from Jefferson County's website.

Figure 2-3 presents proposed sewer line and lift station locations with respect to seismic

soils, as provided by Jefferson County.

Table 2-1 summarizes developable acreage information for each basin. Following is a

detailed discussion of each basin.

CiW ofPort Townsend 2-1
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TABLE 2.1

Proposed Sewer Basins and Developable Area

BASIN 1

Basin I consists of the area south and southwest of the existing City limits. Wastewater
generated from Basin I will gravity flow to a lift station located near the intersection of
Discovery Road and Sims Way. A force main will be installed, provided no limiting
factors exist to prevent the force main installation, that will discharge to an existing
gravity main where West Park and South Park Avenuesintersect. Basin t has an area of
approximately 180 acres and the entire area is assumed to be developable.

BASIN 2

Basin 2 consists of the southwest portion within City limits and property just west of the
southwest City limit boundary. This basin can gravity flow to a new lift station located
near the intersection of Discovery Road and South 8th Street, or can connect into
proposed Basin 1 sewer mains and lift station, if Basin 1 sewer mains are constructed and
active. If a lift station is installed, a force main will need to be constructed that connects
into existing gravity lines on South Park Avenue. Basin 2 has an area of 175 acres and
the entire area canbe developed.

2-2 City of Port Townsend

1 180

2 175
J 140

4A 25
4B 40
5 85

6 125

7 45
8 15

9 30
l0 380
11 125
12 45
T3 95
t4 50
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t6 90
t7 25
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Basin 3 is located in the southwest portion of the City limits and also includes properfy
just west of the City limits. This basin can gravity flow to a new lift station located near
the intersection of Laurel and 5th Streets, or can continue by gravity to sewer mains
proposed for Basin 2. Gravity flow to Basin 2 may be limited by the following:

Basin 44 is located entirely in the western part of the City and within City limits. This
basin will gravity flow into existing sewer lines located at the intersections of Thomas
and 16th Streets or Eddy and 10ft Streets. Basin 4A. has a total developable area of
25 acres.

The availability of sewer mains in Basin 2. It is possible Basin 3 could
develop prior to any sewer main installation in Basin 2.

The gravity flow path line from Basin 3 to Basin 2 is near wetlands and
would require easements. Installation of this sewer line may be prohibited
by high ground water, wetlands, and inability to procure easements.

The gravity sewer line will be deep (up to 2}-feet deep) to allow
interconnection between Basins 2 and3 based on existing topographic
information.

If a lift station is installed, a force main will be needed that connects into existing gravity
sewer lines near the intersection of West Park and South Park Avenues. Basin 3 has an

area of 140 acres and the entire basin is assumed to be developable.

BASIN 4A.

BASIN 3

a

City of Port Townsend
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BASIN 4B

Basin 48 is located entirely in the western part of the City and within City limits. This
basin will gravity flow into existing sewer lines located at the intersections of South Park
and West Park Avenues. Basin 48 has an area of 40 acres and the entire basin can be
developed.

BASIN 5

Basin 5 is located in the west portion of City limits. A new lift station is needed to
convey wastewater from Basin 5 to a nearby existing sewer main. Several options exist
to access existing sewer mains:

Basin 5 force main can discharge into the existing manhole just prior to
the Hamilton Heights Lift Station. The capacity of Hamilton Heights Lift
Station needs to be evaluated since it will probably receive wastewater
from other areas.

Southwest Sewer Basin Study December 2009



Gray & Osborne, Inc., Consulting Engineers

Basin 5 force main can discharge into the manhole at the intersection of
25'h andThomas Streets (same location as where Hamilton Heights Lift
Station force main terminates).

The possibility of gravity-flowing wastewater from Basin 5 was examined. The existing
topographic information indicates a 20-foot deep sewer main will be needed in order to
gravity flow to proposed sewer mains in Basin 8. To maintain gravity flow in Basin 8,

the sewer lines in Basin 8 will also need to be deep (15- to 2}-feet deep).

Basin 5 has an area of 85 acres and the entire area is assumed to be developable.

BASIN 6

Basin 6 is located within City limits and is adjacent to Hamilton Heights development.
Basin 6 will gravity flow to existing sewer mains that ultimately discharge to the
Hamilton Heights Lift Station. Hamilton Heights Lift Station is equipped with two,
250-gpm submersible pumps that discharge into a 6-inch force main. The 6-inch force
main discharges into amanhole located at the intersection of 25h and Thomas Streets.
Basin 6 has an area of 125 aqes (this acreage includes the existing sewered area of
Hamilton Heights). The capacity of Hamilton Heights Lift Station mustbe evaluated as

new flows are added.

BASIN 7

Basin 7 is located within City limits, just northeast of Hamilton Heights, and will gravity
flow to the Hamilton Heights Lift Station. Basin 7 has an area of 45 acres and all can be
developed. Again, the capacity of Hamilton Heights Lift Station must be evaluated as

new flows are added.

BASIN 8

Basin 8 is located in the western part of the City and is entirely within City limits. A
wetlands area is located in the southeast portion of Basin 8 and this area is shown to not
be sewered at this time. Basin 8 can gravity flow to proposed mains in Basins 10
provided an easement can be obtained and gravity flow can be maintained. Basin 8 can
also gravity flow to Basin 5.

Basin 8 has a total arca of 30 acres, but due to wetlands, only 15 acres are assumed to be
developable at this time.

BASIN 9

Basin 9 is primarily located in the northwest portion of the City limits, with a small
portion located outside City limits. A new lift station and force main are needed to
convey wastewater to the nearest manhole in Basin 10 (assuming Basin 10 is developed

2-4 City of Port Townsend
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prior to Basin 9). Alternatively, Basin 9 wastewater can gravity flow with a deep line
(15- to 2}-feetdeep) to a line in Basin l0 if an easement can be obtained and no limiting
factors (bedrock, high ground water, or critical areas) exist along the proposed sewer

main route. Basin t has an area of 30 acres, all of which can be developed.

BASIN 10

Basin 10 is located in the northwest portion of the City limits and includes area to the

west of the City limits. Wetland areas exist at two locations within Basin 10. Easements

to avoid disturbance of wetlands or permits to construct within the wetlands may be

needed to allow installation of gravity lines as shown on Figure 2-lB. Wastewater from

this area will gravity flow to nearby existing mains. Basin l0 has an area of 380 acres

and all of it can be developed.

BASIN 11

Basin 11 is located in the northwest portion of the City limits and wastewater generated

from this area will be conveyed by gravity to existing nearby mains. Basin 1 t has an area

of L25 acres and all of this area can be developed.

BASIN 12

Basin 12 is located west of the City limits and is entirely outside current City limits. The

westem boundary of Basin 12 is Jacob Miller road. A new lift station and force main are

needed to convey wastewater to the nearest existing manhole located near the intersection

of 10tr Avenue and Howard Street. Other alternatives may exist in the future as

unsewered areas are developed in Basins 2 and3 for possible connection locations for
Basin 12. Basin 12 has a total area of 85 acres, but only a portion is developable due to

wetlands. For this analysis, 45 acres are assumed to be developable.

BASIN 13

Basin 13 is located west of the City limits and the western boundary is Jacob Miller
Road. A new lift station and force main are needed to convey wastewater to the nearest

existing manhole located near the intersection of Eddy Street and Towne Point Avenue.

Other alternatives may exist in the future as unsewered areas are developed between

Basin 13 and existing sewer mains. Basin 13 has an area of 95 acres, all of which are

developable.

BASIN 14

Basin 14 is located along Jacob Miller Road and is rather small due to nearby wetlands

and multiple low spots. A new lift station and force main are needed to convey

wastewater to the nearest existing manhole located near the intersection of Hancock

Street and Hastings Avenue. Other alternatives may exist in the future as unsewered

Citv of Port Townsend 2-5
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areas are developed between Basin 14 and existing sewer mains. Basin 14 has an area of
50 acres and the entire basin can be developed.

BASIN 15

Basin 15 is located west of the City limits, along Jacob Miller Road. A new lift station
and force main are needed to convey wastewater to the nearest existing manhole located
near the intersection of Hancock Street and Hastings Avenue. Other alternatives may
exist in the future as unsewered areas are developed between Basin l5 and existing sewer
mains. Basin 15 has an area of 145 acres and the entire area can be developed.

BASIN 16

Basin 16 is located west of the City limits, with Jacob Miller Road as the west boundary
and Strait of Juan De Fuca as the north boundary. A new lift station and force main are
needed to convey wastewater to Basin 10, assuming Basin 10 sewer lines are installed.
Basin 16 has an area of 90 acres, all of which are developable.

BASIN 17

Basin 17 is located west of the City limits and is relatively small due to topography. A
new lift station and force main are needed to convey wastewater to Basin 10, assuming
Basin 10 sewer lines are installed. It may be possible to gravity flow from Basin 17 to
another nearby basin with a deep main (approximately 20-feetdeep), but a detailed site
investigation is needed to make this determination. Other alternatives may exist in the
future as unsewered areas are developed between Basin 17 andexisting sewer mains.
Basin L7 has an area of 25 acres and the entire basin can be developed.

2-6 ciw ofPort Toyvnsend
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CHAPTER 3

WASTEWATER FLOW AND LOADING PROJECTIONS

BACKGROUND

Projected wastewater flows were developed from each basin identified in Chapter 2.

Ultimate peak day wastewater flow rates for each identified basin were based on ultimate
peak day flows developed in the City of Port Townsend Wastewater Comprehensive PIan

(CH2M Hill, September 1999). CH2M Hill assumed the ultimate peak day flow rates

would be realized in the year 2046. These flow rates assume a percentage of land

currently developed and to be developed based on land use zoning (excluding public

right-oGways), applies a wastewater loading rate with a peaking factor for each type of
land use, and also includes infiltration and inflow values. The ultimate peak day flows

were then divided by the total basin area, as presented in CH2M Hill's l(astewater
Comprehensive Plan, to achieve an ultimate peak day flow rate per acre. Excerpts from

the CH2M Hill's Wastewater Comprehensive Plan are included in Appendix A that

provide the methodology used to develop ultimate peak day flows in each basin.

Appendix A also includes a map of the sewerbasins identified by CH2M Hill within City
limits, which are referenced throughout this chapter with respect to flows developed for
each basin identified in Chapter 2 of this study.

Flows presented in CH2M Hill's Wastewater Comprehensive Plan were updated by

Gray & Osborne, Inc., in the Wastewater Facilities Plan (2000). The flows contained in

the 2000 Wastewater Facilities Planwerc slightly higher than the flows developed by
CH2M Hill in the 1999 Wastewater Comprehensive Plan. However, the flows developed

by CH2M Hill will be used for this analysis since CH2M Hill's wastewater model is used

to assess existing collection and conveyance line capacity. If a new model is developed

later by the City, then it is recommended that Gray & Osborne's flow information be

utilized. In addition, infilhation and inflow rates may be further refined in the new

model.

PROJECTED FLOWS PER BASIN

A discussion of flows from each basin follows and flow information is summarizedin
Table 3-1.

City of Port Townsend 3-I
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TABLE 3-1

Summary of Projected Ultimate Peak Day Flow for Each Basin

(l) These values were obtained from CH2M Hill's Wastewater Comprehensive Plan(1999), as
contained in Appendix A of this report.

(2) Flows were calculated by multiplying ultimate peak day flow per acre by the basin acreage.

BASIN 1

Basin t has an area of approximately 180 acres and is entirely outside existing City
limits. Using the Southwest Basin flow information as presented in CH2M Hill's
Wastewater Comprehensive Plan, the ultimate peak day flow per acre is 1,230 gallons
per acre per day (gpad). The Southwest Basin flow rate information was used for Basin 1

since Basin I is in close proximity to the Southwest Basin and is assumed to develop in a
similar manner. The ultimate peak day flow from Basin I is22I,400 gallons per day
(gpd).

A lift station and force main are needed to access the existing gravity sewer main located
near the intersection of West Park and South Park Avenues. Other alternafives to serving
Basin 1 are presented in Chapter 5.

3-2 City of Port Townsend

I 180 1,230 221,400
2 t75 1,230 215,250
J t40 r,230 172,200

4A 25 r,750 43,750
48 40 1,750 70,000
5 85 1,020 86,700
6 125 1,000 125,000
7 45 1,000 45,000
8 15 1.020 15,300
9 30 66s 19,950
10 380 66s 252,700
11 t2s 940 117,500
L2 45 1,020 45,900
13 95 r,020 96,900
I4 50 1,020 51,000
15 t45 1,020 147,900
l6 90 t,020 91,800
l7 25 L,020 25,s00
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BASIN 2

Basin 2 has an area of 175 acres. Approximately two-thirds of Basin 2 is within the

existing City limits and the remaining one-third is outside the Cify limits. The Southwest

Basin ultimate peak day flow rate per acre of 1,230 gpad (as presented for Basin l) was

used since the majority of Basin 2 is within the Southwest Basin identified by CH2M
Hill. TheultimatepeakdayflowfromBasin 2is215,250 gpd. Basin2willbeservedby
a lift station and a force main that connects into existing gravity lines on South Park

Avenue. The hydraulic capacity analysis presented in Chapter 4 assumed this was the

discharge location for Basin 2. Other alternatives to serving Basin 2 are presented in
Chapter 5.

BASIN 3

Basin 3 has an area of 140 acres. The majority of Basin 3 is located in the southwest
portion of the City limits, but a small portion also includes property just west of the City
limits. The Southwest Basin ultimate peak day flow rate per acre of 1,230 gpad (as

presented for Basin 1) was used since the majority of Basin 3 is within the Southwest
Basin identified by CH2M Hill. The ultimate peak day flow from Basin 3 is
172,200 gpd.

This basin can gravity-flow to a new lift station located near the intersection of Laurel
and 5ft Streets, or can continue by gravity to sewer mains proposed for Basin 2. If alift
station is installed, a force main will be needed that connects into existing gravity sewer

lines near the intersection of West Park and South Park Avenues. The hydraulic capacity

analysis (Chapter 4) assumed this was the discharge location for Basin 3.

BASINS 4A. AND 4B

Basins 44 and 48 have anarea of 25 acres and 40 acres, respectively. Both basins are

located entirely in the western part of the City and within the Sims Way Basin, as

identified in CH2M Hill's Wastewater Comprehensive Plan. The ultimate peak day flow
per acre of 1,750 gpad for Sims Way Basin was used to develop flows from Basins 4A
and 48. The ultimate peak day flow from Basin 4Ais 43,750 gpd and the ultimate peak

day flow from Basin 48 is 70,000 gpd. These basins can gravity flow into existing sewer

lines located at the intersections of Thomas and 16th Streets, Eddy and 10th Streets, or
South Park and West Park Avenues.

BASIN 5

Basin 5 is located in the west portion of City limits and has an area of 85 acres. Basin 5
is within the West Basin (as identified in the 1999 Wastewater Comprehensive Plan),
with an ultimate peak day flow per acre of 1,020 gpad. The ultimate peak day flow for
Basin 5 is 86,700 gpd. A new lift station will be needed to convey wastewater from

City of Port Townsend 3-3
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Basin 5 to a nearby existing sewer main. Several options exist to access existing sewer
mains, as presented in Chapter 2.

BASIN 6

Basin 6 is located within City limits and is adjacent to Hamilton Heights development.
Basin 6 has an area of 125 acres (this acreage includes the existing sewered area of
Hamilton Heights) and is within the Hastings Avenue Basin (as identified by CH2M Hill
in the 1999 l{astewater Comprehensive Plan). The ultimate peak day flow per acre for
Hastings Avenue Basin is 1,000 gpad, resulting in an ultimate peak day flow of 125,000
from Basin 6.

As discussed in Chapter 2, Basin 6 will gravity flow to existing sewer mains that
ultimately discharge to the Hamilton Heights Lift Station. Hamilton Heights Lift Station
is equipped with two, 250-gpm submersible pumps that discharge into a 6-inch force
main. The 6-inch force main discharges into a manhole located at the intersection of 25th
and Thomas Streets. Hamilton Heights Lift Station has sufficient capacity for Basin 6,
but the capacity of this lift station needs to be evaluated as other basin flows are added.

BASIN 7

Basin 7 is located within City limits, just northeast of Hamilton Heights, and will gravity
flow to the Hamilton Heights Lift Station. Basin 7 has an arca of 45 acres and is within
the Hastings Avenue Basin (as identified by CH2M Hill in the 1999 Wastewater
Comprehensive Plan). Using the flow information presented for Basin 6 of 1,000 gpad,
the ultimate peak day flow for Basin 7 is 45,000 gpd. Again, the capacity of Hamilton
Heights Lift Station must be examined as new flows are added to this lift station.

BASIN 8

Basin 8 has a total area of 30 acres, but due to wetlands, only 15 acres were assumed to
be developable at this time. Basin 8 is located in the westem part of the City and is
entirely within City limits. Basin 8 is situated within the West Basin (as identified by
CH2M Hill in the 1999 Wastewater Comprehensive Plan). The West Basin ultimate
peak day flow per acre of 1,020 gpad, resulting in an ultimate peak day flow of 15,300
gpd from Basin 8. Basin 8 can gravity flow to proposed mains in Basins l0 provided an
easement can be obtained and gravity flow can be maintained. Basin 8 can also gravity
flow to Basin 5.

BASIN 9

Basin 9 is located in the northwest portion of the City, with a small portion of Basin 9
located outside the City limits. Basin t has an area of 30 acres. Basin 9 is located within
the SeaviewAloward Street Basin (as identified by CH2M Hill in the 1999 Wastewater
Comprehensive Plan). The ultimate peak day flow per acre for SeaviewAloward Street
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Basin is 665 gpad, resulting in an ultimate peak day flow of 19,950 gpd from Basin 9. A
new lift station and force main will be needed to convey wastewater to the nearest

manhole in Basin 10 (assuming Basin 10 is developed prior to Basin 9). Alternatively,
Basin 9 wastewater could gravity flow with a deep line (15 to 20 feet deep) to a line in
Basin l0 if an easement can be obtained and no limiting factors (bedrock, high ground

water, or critical areas) exist along the proposed sewer main route.

BASIN IO

Basin l0 is located in the northwest portion of the City and includes area to the west of
the City limits. Basin 10 has an area of 380 acres and the majority of Basin 10 is within
the SeavieilHoward Street Basin (as identified by CH2M Hill in the 1999 Llastewater

Comprehensive Plan). The ultimate peak day flow per acre for Seaview/Howard Street

Basin is 665 gpad, resulting in an ultimate peak day flow of 252,700 gpd from Basin 10.

Wastewater from this area will gravity-flow to nearby existing mains.

BASIN 11

Basin 1 1 is located in the northwest portion of the City limits and has an atea of t25
acres. Basin 11 falls within two basins identified by CH2M Hill in the 1999 W'astewater

Comprehensive Plan: Seaviewf{oward Street Basin and San Juan Avenue Basin. The

ultimate peak day flow per acre, based on an average of the SeaviedHoward Street and

San Juan Avenue Basins flows, is 940 gpad. The resulting ultimate peak day flow from

Basin 11 is 117,500 gpd. Wastewater generated from this area will be conveyed by
gravity to existing nearby mains.

BASIN 12

Basin 12 is located west of the City limits and is entirely outside current City limits.
Basin 12 has a total area of 85 acres, but only a portion is developable due to wetlands.

For this analysis, 45 acres were assumed to be developable. Basin 12 is near the West

Basin (as identified by CH2M Hill in the i,999 Wastewater Comprehensive Plan) and an

ultimate peak day flow per acre of 1,020 gpad was determined for the West Basin.

Applying this flow rate to Basin 12 results in an ultimate peak day flow rate of
+i,bOO gpd. A new lift station and force main are needed to convey wastewater to the

nearestiiisting manhole located near the intersection of 106 Avenue and Howard Street.

Other alternatives may exist in the future as unsewered areas are developed in Basins 2

and 3 for possible connection locations for Basin 12.

BASIN 13

Basin 13 is located west of the City limits and has an area of 95 acres. Basin 13 is near

the West Basin (as identifiedby CH2M Hill in the 1999 Wastewater Cornprehensive

Ptan) and was assumed to develop similar to the West Basin. Using the West Basin flow
rate of I,020 gpad,as presented for Basin 12,the ultimate peak day flow from Basin 13 is
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96,900 gpd. A new lift station and force main are needed to convey wastewater to the
nearest existing manhole located near the intersection of Eddy Street and Towne Point
Avenue. Other alternatives may exist in the future as unsewered areas are developed
between Basin 13 and existing sewer mains.

BASIN 14

Basin 14 is located along Jacob Miller Road is rather small due to nearby wetlands and
multiple low spots. Basin 14 has an area of 50 acres and was assumed to develop similar
to the West Basin (as identified by CH2M Hill in the 1999 Wastewater Comprehensive
Plan). Using the West Basin flow rate value of L,020 gpad, as presented for Basin 12,
the ultimate peak day flow from Basin 14 is 51,000 gpd.

A new lift station and force main are needed to convey wastewater to the nearest existing
manhole located near the intersection of Hancock Street and Hastings Avenue. Other
alternatives may exist in the future as unsewered areas are developed between Basin 14
and existing sewer mains.

BASIN 15

Basin 15 is located west of the City limits, along Jacob Miller Road and has an area of
145 acres. Basin 15 was assumed to develop similar to the West Basin (as identified by
CH2M Hill in the 1999 lTastewater Comprehensive Plan), for an ultimate peak day flow
of I47,900 gpd. A new lift station and force main are needed to convey wastewater to
the nearest existing manhole located near the intersection of Hancock Street and Hastings
Avenue. Other alternatives may exist in the future as unsewered areas are developed
between Basin 15 and existing sewer mains.

BASIN 16

Basin 16 is located west of the City limits, with Jacob Miller Road as the west boundary
and Shait of Juan De Fuca as the north boundary. Basin 16 has an area of 90 acres.
Similar to Basin 15, Basin 16 ultimate peak day flow was calculated using West Basin
information (as identified by CH2M Hill in the 1999 Wastewater Comprehensive Plan).
The ultimate peak day flow from Basin 16 is 91,800 gpd. A new lift station and force
main are needed to convey wastewater to Basin 10, assuming Basin 10 sewer lines are
installed.

BASIN 17

Basin 17 is located west of the City limits and is relatively small due to topography.
Basin 17 has anarea of 25 acres and was assumed to develop similar to the West Basin
(as identified by CH2M Hill in the 1999 Wastewater Comprehensive Plan), for an
ultimate peak day flow of 25,500 gpd. A new lift station and force main are needed to
convey wastewater to Basin 10, assuming Basin l0 sewer lines are installed. It may be

3-6 Citv of Port Townsend

December 2009 Southwest Sewer Basin Study



.t

Gray & Osborne, Inc., Consulting Engineers

possible to gravity-flow from Basin 17 to another nearby basin with a deep main, but a

detailed site investigation is needed to make this determination. Other alternatives may

exist in the future as unsewered areas are developed between Basin 17 and existing sewer

mains.
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CHAPTER 4

DOWNSTREAM ANALYSIS OF EXISTING FACILITIES

BACKGROUND

As the unsewered areas are developed (as shown in Figures 2-lA and2-IB), the capacity

of the existing collection lines affected by the increased flow must be examined. Impacts

to the wastewater treatment plant from the additional flows must also be examined.

Improvements, consisting of increased sewer line sizes, are identified in this Chapter to

allow the City to plan for these future improvements.

SEWER LTNE ANALYSIS

The existing sewer model developed by CH2M Hill (as presented inthe 1999 Vlastewqter

Comprehensive Plan) was used to assess the adequacy of existing sewer lines. This

model was developed using HydraGraphics software. CH2M Hill's model was run using

ultimate peak hour flows from all basins within City limits. Ultimate peak hour flows
assume all developable areas within City limits are developed, which is anticipated to

occurin the year 2o46,and include infiltration and inflow (VI). A copy of CH2M Hill's
model that was presented inthe 1999 Wastewater Comprehensive Plan is in Appendix B.

The existing model flows within City limits were not altered; however, pipe sizes were

increased to reflect recent collection system improvements. Additional flows from
basins, or portions of basins, outside City limits were added into the model at the

discharge locations presented in Figures 2-lAand 2-18. The model is based on ultimate
peak hour flows, so the ultimate peak day flows presented in Chapter 3 were converted to

peak hour flows for those basins outside the City limits. CH.2M Hill applied a 1.27

peaking factor to peak day flows, that included both wastewater and VI flows, to achieve

peak hour flows. This peaking factor was considered low, and a higher peaking factor

was investigated. A peaking factor of 1.7 was selected based on the diurnal fluctuations
presented in CH2M Hill's Wastewater Comprehensive Plan,where the peak hourly flow
was approximately 1.77 times the average daily flow. The peaking factor of 1.7 was

thought to be conservative and provide model results that are conservative when

evaluating sewer line capacity. The peaking factor of L7 was applied to the ultimate
peak day flow presented in Chapter 3, and these flows contained both wastewater flows
and VI flows. The peaking factor may be further refined if a new model is developed and

flows are revised. Table 4-l presents the additional flows added from the basins outside

City limits. Model results for the increased wastewater flows from basins outside City
limits are contained in Appendix C.

Figure 4-1 presents the lines that will exceed capacity and the required new sewer line

size.

City of Port Townsend 4-l
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One area of concern on.Figure 4-1 is near the golf course. A wastewater lift station and
force main were installed near Gaines and Water Streets to divert flows from the existing
gravity main in the golf course. This lift station (Gaines Street Lift Station) has a
capacity of 2,300 gpm. This lift station is adequate for future flows based on ultimate
peak flows predicted in CH2M Hill's model of 2,170 gpm (3.12mgd). The existing
18-inch gravity line in the golf course (MH A12 to MH AIS) will realize increased flows
than previously analyzed due to the additional flows from new basins outside the City
limits. The basins outside the City limits will contribute approximately 0.80 mgd during
peak hourly flow conditions. Table 4-2 provides a summary of flows in this segment of
sewer line. As seen in Table 4-2, some lines exceed the capacity of the existing l8-inch
line due to the increased flows from basins outside the Cify limits. These lines should be
further evaluated for surcharging. In addition, flows in this line can be further reduced as
the City continues to address VI within the system.

The model presents several limitations

When modeling the effects of the additional flow from each basin, it was
assumed all flows peaked simultaneously and the lag time that will occur
for peak flows to travel throughout the collection system was not
considered. This assumption is conservative and more refined modeling
may be necessary.

For basins within City limits, the model assumed additional flows from
unsewered areas would be evenly distributed throughout the existing
collection system. This study indicates that the wastewater flows from
new sewer basins within City limits will typically discharge to one
location; therefore, the flows in the existing model need to be modified to
reflect the discharge locations identified in this study.

4-2 Citv ofPort Townsend
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TABLE 4.2

Golf Course Line Analysis

(1) Ultimate peak hourly flows for basins within the City limits, as shown in CH2M Hill's Model, were reduced by 3.12 MGD to reflect the flow

(2)
that is diverted around the golf course line.
These flows were derived by adding 0.80 mgd, the additional flow from basins outside the City limits, to the flow values in the previous
column.

4-4 City of Port Townsend

3.249
3.251
3.439

Outside Ci Limits,
aslns

3.076
3.076
3.106

3.144
3.146
3.148

2.276
2.306

2.344
2.346
2.348
2.449
2.4s1
2.639

2.2762.291
3.378

Need to Veriff
Slope
3.778
2.544
1.909
3.93r
3.351

Need to Veriff
Slope

0.0025
0.0011
0.0006
0.0027
0.00i9
-0.0021

0.0009
0.0020
-0.0003

81

8I
81

8I

81

81

81

81

81

A16-4.15
A15-A14
A14-487
A87-A13
A13-A12A
AtzA-A12

A18-A17
417-85
A85-A16
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TABLE 4-1

Wastewater Flows from Basins Outside City Limits

Flows were developed by multiplying percent of basin outside City limits by the total basin
flow presented in Chapter 3.

Flows were calculated by multiplying Ultimate Peak Day Flow by a peaking factor of 1.7,
then converting to million gallons per day (mgd).

(l)

(2)

City of Port Tovvnsend

I 100 22t,400 0.376
2 30 71.030 0.12t
.t 20 34,400 0.058
9 20 3.990 0.007
10 10 25,270 0.043
l2 100 4s,900 0.078
13 100 96,900 0.165
t4 100 s 1.000 0.087
15 100 147,900 0.25t
I6 100 91,800 0.1s6
t7 100 25.500 0.043
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CHAPTER 5

EVALUATION OF SEWER SERVICE ALTERNATIVES

BACKGROUND

Alternatives for serving Basins 1,2, and 3 were examined since these basins are

anticipated to develop first. Costs were developed for each alternative as Basin 1 service

area changed. In addition, the costs for serving a local area of more intense rural

development (LAMIRD) (south of existing Cify limits) and serving a recently City-
acquired parcel ofland (near Basins 12 and 13) for an educational facility are presented

in this chapter.

The following alternatives were examined:

Alternative 1: Basins I (180 acres), 2 (I75 acres), and 3 (140 acres) all
gravity flow to a common lift station near the intersection of Discovery
Road and Sims Way.
Alternative 2: Basins I (270 acres), 2 (175 acres), and 3 (140 acres) all
gravity flow to a common lift station near the intersection of Thomas

Street andLarry Scott Memorial Trail.
Alternative 3: Basins I (1,245 acres), 2(175 acres), and 3 (140 acres) all
gravity flow to a common lift station on Mill Road. Basin I includes

LAMIRD and surrounding area that can gravity-flow to a lift station on

Mill Road.

Alternative 4: Basins 1,2, and 3 are each served by individual lift
stations, with Basin 1 varying in size (180 acres, 270 ates, and 1,245

acres).

Alternative 5: Basins I and? are served by a common lift station and

Basin 3 is served by its own individual lift station, with Basin 1 varying in
size (180 acres, 270 aues, and 1,245 acres).

Alternative 6: Basins 2 and3 are served by a common lift station and

Basin I is served by its own individual lift station, with Basin 1 varying in
size (180 acres, 270 aues, and 1,245 acres).

Alternative 7: Basins 1,2, and 3 are served by a common lift station,

with Basin I serving LAMIRD and area north of LAMIRD.
Alternative 8: This alternative examines the cost for serving the

proposed educational facility near Basins 12 and 13.

Peak hourly flows were developed for each basin by applying a peaking factor of 1.7 to

the maximum peak day flows presented in Table 3-1, or revised maximum peak day

flows for Basin 1 as the service area was expanded. Following is a more detailed

description of each altemative, along with benefits, limitations, and costs of each

City of Port Townsend 5-I
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alternative. Costs for each alternative were developed for major fiunk lines, force mains,
and lift stations that were unique to each alternative to allow comparison behveen
alternatives.

ALTERNATIVE I: BASINS 1,2, AND 3 SERVED BY COMMON LIFT
STATION, BASIN 1 180 ACRES

Alternative 1 consists of serving Basins l, 2, and 3 by a common lift station located near
Discovery Road and Sims Way intersection, with the force main discharging at an
existing manhole near the intersection of West Park and South Park Avenues. Figure 5-l
shows the areas to be served and the basic infrastructure layout for Alternative 1. For this
alternative, Basin 1 serves 180 acres. The peak hourly flows from each basin are as
follows:

Basin l: 265 gpm
Basin 2: 255 gpm
Basin 3: 200 gpm

As seen in Figure 5-1, two major trunk lines are needed: an 8-inch gravity line to convey
wastewater from Basin 3 to Basin 2 and a l2-inch gravity line in Basin I to convey
wastewater flows from all three basins to the common lift station. The 8-inch line needed
to interconnect Basin 3 with Basin 2 is approximately 750-feet long. This line will need
to be deep (up to 2}-feet deep) and is located near wetlands on private land. A relatively
short (500 feet) l2-inch gravity line is needed to convey wastewater from Basin 2 to
Basin 1. Manholes along these two gravity lines are assumed to be located every
300 feet. The lift station is designed for a peak hourly flow of 720 gpm and 170 feet total
dynamic head (TDH). The force main from the lift station is 8 inchei in diameter with a
length of 3,600 feet to access an existing manhole in South Park Avenue. This force
main is proposed to be located along existing public right-of-way in Discovery Road.

The benefit of this alternative is that only one lift station is needed to serve all three
basins. Two limitations exist for this alternative:

The 8-inch gravity line needed to interconnect Basins 2 and 3 is deep (up
to 20 feet), and this line may not feasible due to existing wetrands and
easements needed for installation of this line.
A long force main (3,600 feet) is needed to access an existing manhole for
this alternative.

The estimated cost for this altemative is approximately $2,916,700 (see Table 5-l). This
cost estimate includes easement, right-of-way, and permit costs necessary for the
installation of new infrastructure. The impacts to existing sewer lines from Basins l, 2,
and 3 flows exclusively were not examined; however, impacts would be similar to the
findings presented in Chapter 4.
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TABLE 5-1

Alternative 1 - Cost Estimate for Serving
Basins I (180 Acres), 2, and 3 by Common Lift Station

NO. ITEM QUANTITY UNIT PzuCE AMOLTNT

I Construction Survevtns 1LS $ 10,000.00 $ 10,000.00

2 Spill Prevention, Control, and Countermeasure Plan lLS $ 3,000.00 $ 3,000.00

3 Locate Existine Utili ties lLS $ 10,000.00 $ 10,000.00

4 Mobilization . Cleanup. and Demobilization lLS $ 100,000.00 $ 100,000.00

5 Proiect Temporary Traffic Control lLS $ 20,000.00 $ 20,000.00

6 Removal of Structure and Obstruction lLS $ 10,000.00 $ 10.000.00

7 Manhole 48-inch Diameter 7EA $ 4,500.00 $ 3l,500.00

8 Trench Excavation Safety System lLS $ 6,000.00 $ 6,000.00

9

8-inch SDR 35 Sanitary Sewer Pipe and Fittings for

Open Cut, Incl. Bedding, Backfill, & Surfacing,
Connects Basin 3 to Basin 2 750 LF $ 150.00 $ 1 12,500.00

l0

l2-inch SDR 35 Sanitary Sewer Pipe and Fittings for

Open Cut, Incl. Bedding, Backfill, & Surfacing

Connects Basin 2 to Basin I 5OO LF $ 140.00 $ 70.000.00

ll
S-inch PVC Force Main and Fittings for Open Cut,

Incl. Beddine. Backfill. & Surfacing 3.600 LF $ 130.00 $ 468,000.00

t2 Lift Station - 720 wm.l70 TDH lLS $ 1.000,000.00 $ r,000,000.00

13 Temporary Erosion and Sediment Control lLS $ 5,000.00 $ 5,000.00

Subtotal
Sales Tax @ 8.40 %:

Subtotal
Consffuction Contingency (20%)

TOTAL ESTIMATED CONSTRUCTION COST

Easements/ROW
Permits
Engineering and Conshuction Management (20%)

TOTAL ESTIMATED PROJECT COST

$ 1,846,000.00

$ 155,100.00

$2,001,100.00
$ 400,300.00

$2,401,400.00

$ 20,000.00

$ 15,000.00

$ 480,300.00

$2,916,700.00

ALTERNATIVE 2: BASINS 1,2, AND 3 SERVED BY COMMON LIFT
STATION, BASIN 1 270 ACRES

Alternative 2 consists of serving Basins 1,2, and 3 by a common lift station located near

the intersection of Thomas Sheet and Larry Scott Memorial Trail. Alternative 2 is

similar to Alternative 1, exceptthat a larger area is served in Basin I (270 acres) as

opposed to the area served in Alternative 1 (180 acres). Figure 5-2 shows the basic

infrastructure associated with this alternative. Using the same loading rates as presented

in Chapter 3, the peak hourly flows from each basin are as follows:
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Basin l: 390 gpm
Basin 2: 255 gprn
Basin 3: 200 gpm

Again, a deep 8-inch gravity line is needed to convey wastewater from Basin 3 to Basin
2, as presented in Alternative 1 and a 500-foot long 12-inch gravity line is needed to
interconnect Basin 2 flows with Basin 1. Manholes along these two gravity lines are
assumed to be located every 300 feet. The lift station is assumed to have a flow of
approximately 845 gpm and require 190 feet TDH. The proposed lift station is located
near the intersection of Larry Scott Memorial Trail and Thomas Street on property owned
by Port Townsend Paper Corporation. The main gravity line needed to access the lift
station will be located in the Larry Scott Memorial Trail (old railroad grade). The force
main from the lift station to the existing sewer line is approximately 1,900 lineal feet and
assumed to be 8 inches in diameter. The force main will discharge into an existing
manhole located at the intersection of 2nd and Logan Streets.

The benefit of this alternative is that only one lift station is needed to serve all three
basins. Two limitations exist for this alternative:

The 8-inch gravity line needed to interconnect Basins 2 and 3 is deep, and
this line may not feasible due to existing wetlands and easements needed
for installation of this line.
A long gravity line (4,600 feet) is needed to convey wastewater to a lift
station located near the intersection of the Larcy Scott Memorial Trail and
Thomas street (see Figure 5-2). The area north of this line is located on
steep ground and has limited potential to be fully developed; therefore, the
gravity line traversing the Larry Scott Memorial Trail may not serve many
future homes or businesses.

The cost for this alternative is approximately $2,742,700 and detailed cost information is
contained in Table 5-2. This cost estimate includes easement and right-of-way costs for
the gravity lines, force mains, and lift stations located outside public right-of-way. The
cost estimate also includes permitting costs for installing infrastructure near wetlands or
other sensitive areas. The impacts to existing sewer lines were not examined for this
alternative, but upgrades to the existing collection system will be needed to accommodate
this increased flow.
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TABLE 5-2

Alternative 2 - Cost Estimate for Serving
Basins I (270 Acres), 2, and 3 by Common Lift Station

NO ITEM QUANTITY LINIT PzuCE AMOLTNT

I Construction Surveying lLS $ 10.000.00 $ 10,000.00

2 Spill Prevention, Control, and Countetmeasure Plan 1LS $ 3,000.00 $ 3.000.00

3 Locate Existine Utilities lLS $ 10,000.00 $ 10,000.00

4 Mobilization , Cleanup, and Demobilization lLS $ 100.000.00 $ 100,000.00

5 Proiect Temporary Traffic Control 1LS $ 20,000.00 $ 20,000.00

6 Removal of Structure and Obstruction 1LS $ 10.000.00 $ 10,000.00

7 Manhole 48-inch Diameter 7EA $ 4,s00.00 $ 31,500.00

8 Trench Excavation SafeW System ILS $ 6,000.00 $ 6,000.00

9

8-inch SDR 35 Sanitary Sewer Pipe and Fittings for
Open Cut, Incl. Bedding, Backfill, & Surfacing ,

Connects Basin 3 to Basin 2 750 LF $ 150.00 $ I12,s00.00

10

12-inch SDR 35 Sanitary Sewer Pipe and Fittings for
Open Cut , Incl. Bedding, Backfill, & Surfacing

Connects Basin 2 to Basin 1 5OO LF $ 140.00 $ 70,000.00

ll
S-inch PVC Force Main and Fittings for Open Cut,

Incl. Bedding, Backftll, & Surfacing 1,900 LF $ 130.00 $ 247,000.00

12 Lift Station - 845 spm, 190 TDH ILS $1,100,000.00 $ 1.100.000.00

l3 Temporary Erosion and Sediment Control ILS $ 5.000.00 $ 5,000.00

Subtotal
Sales Tax @8.40%:
Subtotal
Construction Contingency (20%)
TOTAL ESTIMATED CONSTRUCTION COST

Easements/ROW
Permits
Engineering and Construcfi on Management Q0%)
TOTAL ESTIMATED PROJECT COST

$ 1,725,000.00

$ 144,900.00

$ 1,869,900.00

$ 374,000.00

$ 2,243,900.00

$ 30,000.00

$ 20,000.00
$ 448,800.00

$ 2,742,700.00

ALTERNATIVE 3: BASINS 1, 2, AND 3 SERVED BY COMMON LIFT
STATION, BASrN I1,245 ACRES

The City has been requested to consider wastewater service to an area south of City
limits, located along State Route 20. This area has been identified as a local area of more

intense rural development (LAMIRD) and is currently zoned for light industrial and

commercial purposes. The LAMIRD area is delineated in Figure 5-3. If the LAMIRD
area is served, then a lift station is needed near Mill Road. Placing a lift station at this

location and elevation (20 feet) allows a significant area to be served. Basin 1, as shown

in Figure 5-3, has an area of approximately L,245 acres and the entire area can gravity

City of Port Townsend 5-5
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flow to the proposed lift station on Mill Road. Critical areas do not exist within this basin
per information on Jefferson County's website and the entire area is assumed to be
developable. A wastewater loading rate of 1,230 gpd/acre was used to be consistent with
projected wastewater flows from Basin 1, as developed in Chapter 3. The peak hourly
flows from each basin are as follows:

Basin 1: 1,810 gpm
Basin 2: 255 gpm
Basin 3: 200 gpm

Again, a deep 8-inch gravity line is needed to convey wastewater from Basin 3 to Basin 2
and a l2-inch gravity line is needed to connect Basins I and2, as presented in
Alternatives I and 2. The lift station is assumed to have a flow of approximately
2,265 gpm and require 230-feet TDH. The proposed lift station is located on property
owned by Port Townsend Paper Corporation. The force main from the lift station to the
existing sewer line is approximately 3,900 lineal feet and assumed to be 15 inches in
diameter. The force main will discharge into an existing manhole located at the
intersection of 2nd and Logan Sheets.

The benefit of this alternative is that only one lift station is needed to serve all three
basins. Three limitations exist for this alternative:

a

a

a

a

a

The 8-inch gravity line needed to interconnect Basins 2 and 3 is deep, and
this line may not feasible due to existing wetlands and easements needed
for installation of this line.
The proposed lift station requires large pumps at full build-out but initial
lift station capacity will be much less than the projected2,265 gpm and
230 TDH. The City will most likely build a smaller lift station initially,
then conduct upgrades to the lift station as needed as Basins l, 2, and 3

develop. The phasing of the lift station construction will increase costs.
Existing gravity lines within City limits will need to be enlarged to
accommodate the projected flow.

a

The cost for this alternative is approximately $5,614,600 and detailed cost information is
contained in Table 5-3. This cost estimate includes easement and right-of-way costs for
the gravity lines, force mains, and lift stations located outside public right-of-way. The
cost estimate also includes permitting costs for installing infrastructure near wetlands or
other sensitive areas. The cost estimate assumes the lift station will be constructed in
phases, thus a rather high lift station cost is presented. The impacts to existing sewer
lines were not modeled for this alternative. However, given the large amount flow
generated in the proposed Basin 1 (as shown in Figure 5-3), existing gravity lines
receiving this additional flow will need to be enlarged.

Page 5-6 City of Port Townsend
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TABLE 5-3

Alternative 3 - Cost Estimate for Serving

Basins I (1,245 Acres), 2, and 3 by Common Lift Station

NO ITEM QUANTITY UNIT PRICE AMOI.INT

1 Construction Surveying lLS $ 10,000.00 $ 10,000.00

2 Control and Countermeasure Plan ILS $ 3,000.00 $ 3,000.00

J Locate Existing Utilities lLS $ 10,000.00 $ 10,000.00

4 Mobilization . Cleanup, and Demobilization lLS $ 150,000.00 $ 150,000.00

5 Proiect Temoorarv Traffic Control ILS $ 20,000.00 $ 20,000.00

6 Removal of Structure and Obstruction lLS $ 10,000.00 $ 10,000.00

7 Manhole 4S-inch Diameter 7EA $ 4,500.00 $ 3 1,500.00

8 Excavation ILS $ 6,000.00 $ 6,000.00

9

S-inch SDR 35 Sanitary Sewer Pipe and Fittings for

Open Cut, Incl. Bedding, Backfill, & Surfacing,

Connects Basin 3 to Basin 2 750 LF $ 1s0.00 $ 112,500.00

9

i2-inaE SDR 35 Sanitary Sewer Pipe and Fittings for

Open Cut, Incl. Bedding, Backftll, & Surfacing

Connects Basin 2 to Basin 1 5OO LF $ 140.00 $ 70,000.00

l0
l5-inch PVC Force Main and Fittings for Open Cut,

Incl. Backfill & 3.900 LF $ 160.00 $ 624,000.00

11 Lift Station 5 230 TDH ILS $ 2.500,000.00 $ 2.500.000.00

t2 Temporary Erosion and Sediment Control lLS $ 5.000.00 $ 5,000.00

Subtotal
Sales Tax @8.40%:
Subtotal
Construction Contingency (20%)

TOTAL ESTIMATED CONSTRUCTION COST

Easements/ROW
Permits
Engineering and Construction Management (20%)

TOTAL ESTIMATED PROJECT COST

$ 3,ss2,000.00

$ 298.400.00

$ 3,850,400.00

$ 770.100.00

$ 4,620,500.00

$ 50,000.00

$ 20,000.00

$ 924,100.00

$ 5,614,600.00

5-7City ofPort Townsend
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ALTERNATIVE 4: BASINS 1,2, AND 3 SERVED BY INDIVIDUAL LIFT
STATIONS, BASIN 1 AREA VARIES

Alternative 4 consists of installing individual lift stations and force mains to serve
Basins I , 2, and 3. The peak hourly flows from each basin are the same as in
Alternatives 1,2, and 3:

Basin 1: 265 gpm (180 acres), 390 gpm (270 acres), 1,810 gpm
(1,245 acres)

Basin 2: 255 gpm
Basin 3: 200 gpm

Basin I lift station size and location will vary depending on the Basin 1 service area,
effecting the force main size and length. The following lift stations and force mains are
needed for Basin l:

a

a

a

a

a

a

Alternative 4,{: If Basin 1 is 180 acres in size (as presented in Alternative
1 and Figure 5-1), the peak projected hourly flow is 265 gpm. As shown
in Figure 5-4, a lift station (PS 1A) is located near the intersection of
Discovery Road and Sims Way and a 6-inch force main is needed to
access the nearest existing manhole on South Park Avenue. The length of
the force main is approximately 3,600 feet. The lift station is designed for
a peak hourly flow of 265 gpm and TDH of 150 feet.
Alternative 48: If Basin I is 270 acres in size (as presented in Alternative
2 and Figure 5-2), the peak projected hourly flow is 390 gpm. As shown
in Figure 5-4, a lift station (PS 18) is located near the intersection of Larry
Scott Memorial Trail and Thomas Street. A 6-inch force main is needed
and will discharge into the existing manhole as the intersection of 2nd and
Logan Streets, for a distance of 1,900 lineal feet. The lift station is
designed for a peak hourly flow of 390 gpm and TDH of 190 feet.
Alternative 4C: If Basin I is 1,245 acres in size as presented in
Alternative 3 and Figure 5-3, the peak projected hourly flow is 1,810 gpm.
A lift station (PS lc) is proposed to be located on Mill Road to serve all of
Basin 1, as shown in Figure 5-4. The lift station is designed for a peak
hourly flow of 1,810 gpm and230 feet TDH at fulI build-out. This lift
station is assumed to be constructed in phases as Basin 1 develops over
time. A 3,900-foot long l2-inch force main is needed to access the nearest
existing manhole at the intersection of 2nd and Logan Streets.

The lift station serving Basin 2 is proposed to be located near the intersection of Glen
Cove and Discovery Roads, as shown in Figure 5-4. The lift station serving Basin 2 is
designed for a peak hourly flow of 225 gpm and TDH of 150 feet. A 4-inch force main is
needed to access an existing manhole in South Park Avenue and it is approximately
3,200-feet long.

Page 5-8 cia ofPort Townsend
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The lift station serving Basin 3 is designed for a flow of 200 gpm and TDH of 160 feet.

A 4-inch-diameter force main, approximately 3,020-feet long, is needed to convey

wastewater from this lift station to the existing manhole located in South Park Avenue.

The limitation of this alternative is that three lift stations are needed, resulting in

increased annual operation and maintenance costs. Costs for Basins 1,2, and 3 being

serwed by individual lift stations are presented in Tables 5-4 through 5-6 for the various

lift station configurations in Basin 1. The impacts of the individual lift stations in
Basins 1,2, and 3 on existing gravity lines was not examined in detail, but existing lines

within City limits will need to be increased in size to accommodate the additional flow as

Basin 1 increases in size.

TABLE 5-4

Alternative 44. - Cost Estimate for Serving
Basins 1 (1S0 Acres), 2, and 3 with Individual Lift Stations

Subtotal
Sales Tax @8.40%:
Subtotal
Constructi on Contingency (20o/o)

TOTAL ESTIMATED CONSTRUCTION COST

$ 3,290,200.00

$ 276.400.00

Easements/ROW
Permits
Engineering and Consfruction Management (20%)

TOTAL ESTIMATED PROJECT COST

$ 3,566,600.00

$ 713,400.00

$ 4,280,000.00

$ 40,000.00

$ 20,000.00

$ 856,000.00

$ 5,196,000.00

5-9City of Port Townsend

NO. ITEM QUANTITY LTNIT PRICE AMOTINT

I Construcfion Survevine lLS $ 20,000.00 $ 20,000.00

2 Spill Prevention, Control, and Countermeasure Plan ILS $ 3,000.00 $ 3,000.00

J Locate Existine Utilities lLS $ 10,000.00 $ 10,000.00

4 Mobilization, Cleanup, and Demobilization ILS $ 1s0,000.00 $ 150.000.00

5 Proiect Temporary Traffic Control ILS $ 20,000.00 $ 20,000.00

6 Removal of Structure and Obshuction ILS $ 10,000.00 $ 10,000.00

1 Trench Excavation Safety System lLS $ 6,000.00 $ 6,000.00

8

6-inch PVC Force Main and Fittings for Open Cut,

Incl. Bedding, Backfill, & Surfacing to Serve Basin I 3,600 LF $ 120.00 $ 432,000.00

9

4-inch PVC Force Main and Fittings for Open Cut,

Incl. Bedding, Backfill, & Surfacing to Serve Basin 2 3.200 LF $ 110.00 $ 352.000.00

l0
4-inch PVC Force Main and Fittings for Open Cut,

Incl. Bedding, Backfill, & Surfacing to Serve Basin 3 3,020 LF $ 110.00 $ 332,200.00

1l Lift Station Q65 wm.150 TDH) to Serve Basin I lLS $ 700.000.00 $ 700,000.00

t2 Lift Station (255 mm,l50 TDH) to Serve Basin 2 ILS $ 6s0,000.00 $ 650.000.00

l3 Lift Station (200 mm, 160 TDH) to Serve Basin 3 1LS $ 600.000.00 $ 600,000.00

t4 Temoorarv Erosion and Sediment Conhol 1LS $ s,000.00 $ 5,000.00

Southwest Saner Basin Study December 2009
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TABLE 5-5

Alternative 4B - Cost Estimate for Serving
Basins I (270 Acres), 2,, and 3 with Individual Lift Stations

NO ITEM OUANTITY LINIT PRICE AMOUNT

I Conshuction Surveyins lLS $ 20,000.00 $ 20,000.00
2 Spill Prevention, Control, and Countermeasure Plan 1LS $ 3.000.00 $ 3,000.00
3 Locate Existing Utilities lLS $ 10,000.00 $ 10,000.00
4 Mobilization, Cleanup, and Demobilization ILS $ 1s0,000.00 $ 150,000.00
5 Pro'iect Temporary Traffic Control ILS $ 20,000.00 $ 20,000.00
6 Removal of Structure and Obstruction ILS $ 10,000.00 $ 10.000.00
7 Trench Excavation Safety System lLS $ 6.000.00 $ 6,000.00

8

6-inch PVC Force Main and Fittings for Open Cut,
Incl. Bedding, Backfill, & Surfacing to Serve Basin I 1.900 LF $ 120.00 $ 228.000.00

9

4-inch PVC Force Main and Fittings for Open Cut,
Incl. Bedding, Backfill, & Surfacing to Serve Basin 2 3,200 LF $ 110.00 $ 3s2,000.00

l0
4-inch PVC Force Main and Fittings for Open Cut,
Incl. Bedding, Backfill, & Surfacing to Serve Basin 3 3,020 LF $ l t0.00 $ 332,200.00

ll Lift Stafion (390 eom. 190 TDm to Serve Basin I ILS $ 800,000.00 $ 800,000.00
t2 Lift Station (255 mm, 150 TDH) to Serve Basin 2 1LS $ 650,000.00 $ 650,000.00
l3 Lift Station (200 sDm. 160 TDm to Serve Basin 3 ILS $ 600,000.00 $ 600.000.00
t4 Temporary Erosion and Sediment Conhol ILS $ 5.000.00 $ 5,000.00

Subtotal
Sales Tax @8.40%:
Subtotal
Constructi on Contingency (20%)
TOTAL EST+MATED CONSTRUCTION €OST

Easements/ROW
Permits
Engineering and Construction Management (20%)

TOTAL ESTIMATED PROJECT COST

Page 5-10

$ 3,186,200.00
$ 267 700.00

$ 3,453,900.00
$6 90,800.00
$ 4,144r7O0.O0

$ 40,000.00

$ 20,000.00
$ 829,000.00

$ 5,033,700.00

City of Port Townsend
December 2009 Southwest Sewer Basin Sludy
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TABLE 5-6

Alternative 4C - Cost Estimate for Serving
Basins 7 (1,245 Acres), 2, nnd 3 with Individual Lift Stations

NO. ITEM OUANTITY LTNIT PRICE AMOUNT

I Construction Surveyins ILS $ 20,000.00 $ 20,000.00

2 Spill Prevention, Control, and Countermeasure Plan ILS $ 3,000.00 $ 3,000.00

3 Locate Existine Utilities 1LS $ 10,000.00 $ 10,000.00

4 Mobilization, Cleanup, and Demobilization 1LS $ 150,000.00 $ 150,000.00

5 Proiect Temporary Traffic Control ILS $ 20.000.00 $ 20,000.00

6 Removal of Structure and Obstruction ILS $ 10,000.00 $ 10,000.00

l Trench Excavation SafeW System ILS $ 6,000.00 $ 6,000.00

8

l2-inch PVC Force Main and Fittings for Open Cu|
Incl.Bedding, BackIill, & Surfacing to Serve Basin I 3,900 LF $ 150.00 $ 585,000.00

9

4-inch PVC Force Main and Fittings for Open Cut,

Incl. Bedding, Backfill, & Surfacing to Serve Basin 2 3,200 LF $ 110.00 $ 352.000.00

l0
4-inch PVC Force Main and Fittings for Open Cut,

Incl. Bedding, Backfill, & Surfacing to Serve Basin 3 3,020 LF $ 110.00 $ 332,200.00

1l Lift Station (1.810 mm,230 TDH) to Serve Basin I lLS $ 2.000.000.00 $ 2.000,000.00

t2 Lift Station Q55 wm. 150 TDm to Serve Basin 2 ILS $ 650,000.00 $ 650,000.00

l3 Lift Station (200 mm, 160 TEH) to Serve Basin 3 ILS $ 600,000.00 $ 600,000.00

l4 Temporarv Erosion and Sediment Control ILS $ 5,000.00 $ 5.000.00

Subtotal
Sales Tax @8.40%:
Subtotal
Construction Contingency (20%)
TOTAL ESTIMATED CONSTRUCTION COST

Easements/ROW
Permits
Engineering and Construction Management (20%)

TOTAL ESTIMATED PROJECT COST

$ 4,743,200.00

$ 398,500.00

$ 5,141,700.00

$ 1,028,400.00

$ 6,170,100.00

$ 60,000.00

$ 30,000.00
$ 1,234,100.00

$ 7,494,200.00

5-I ICily of Port Townsend
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ALTERNATIVE 5: BASINS I AND 2 SERVED BY COMMON LIFT STATION,
BASIN 3 SERVED BY INDIVIDUAL LIFT STATION

This alternative examines Basins I and2 being served by a common lift station, and
Basin 3 being served by its own individual lift station. Again, different lift station
configurations were examined as Basin I service area expands. Figure 5-5 shows the
basic infrastructure needed for this altemative. A 500-foot long, 10-inch-diameter
gravity line is needed to interconnect Basins I and 2.

The flows from each basin are the same as those presented in Altematives 1, 2, and3.
The lift station and force main sizes for Basins I and2 being served by a common lift
station are as follows:

a

a

a

Alternative 5,{: If Basin I is 180 acres in size, the peak hourly flow to the
lift station located near Discovery Road and Sims Way intersection
(PS lA) is 520 gpm(265 gpm from Basin L and255 gpm from Basin 2).
An 8-inch force main is necessary for this alternative and the lift station
TDH is 150 feet.

Alternative 58: If Basin I is increased in size to 270 acres as shown in
Figure 5-2,the peak hourly flow realized at PS 1B (on Larry Scott
Memorial Trail) is 645 gpm (390 gpm from Basin I and255 gpm from
Basin 2). An 8-inch force main is required and the lift station will have a
TDH of 180 feet.

Altemative 5C: If Basin 1 is expanded to include the LAMIRD and all
areas capable of gravity flowing to the lift station on Mill Road (PS 1C),
the peak hourly flow for the lift station on Mill Road is 2,065 gpm
(1,810 gpm from Basin I and 255 gpm from Basin 2). A 15-inch force
main is required to serve the lift station at full build-out and the TDH for
the lift station is 215 feet.

The lift station and force main for Basin 3 are the same as previously described in
Alternative 4.

The limitation of this alternative is that two lift stations are needed, resulting in increased
annual operation and maintenance costs. Another limitation is that the lift station serving
Basins I and2 when Basin 1 serves a projected t,245-acre area will need to be
constructed in phases as build-out occurs, resulting in higher costs for the lift station.
Costs for serving Basins I and2 by a common lift station for the three different Basin 1

scenarios are presented in Tables 5-7 through 5-9. The impacts to existing sewer lines
were not examined for this alternafive, but existing collections lines within City limits
will exceed capacity as Basin 1 service area expands.

Page 5-12 City of Port Townsend
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TABLE 5-7

Alternative 5A - Cost Estimate for Serving
Basins I (180 Acres) and 2 with Common Lift Station

$ 2,602,700.00

t2
l3

Subtotal
Sales Tax @ 8.40 o/o:

Subtotal
Construction Contingency (20%)

TOTAL ESTIMATED CONSTRUCTION COST

Easements/ROW
Permits
Engineering and Construction Management Q0%)
TOTAL ESTIMATED PROJECT COST

$ 218.700.00

$ 2,821,400.00

$ 564,300.00

$ 3,385,700.00

$ 40,000.00

$ 15,000.00

$ 677,200.00

$ 4,117,900.00

5-1 3

NO ITEM QUANTITY TINIT PzuCE AMOLINT

I Construction Surveying 1LS $ 20.000.00 $ 20,000.00

2 Spill Prevention, Control, and Countermeasure Plan ILS $ 3,000.00 $ 3,000.00

3 Locate Existine Utilifi es ILS $ 10,000.00 $ 10,000.00

4 Mobilization . Cleanup. and Demobilization ILS $ 150,000.00 $ 150,000.00

5 Proiect TemDorary Traffic Control ILS $ 20,000.00 $ 20.000.00

6 Removal of Structure and Obstruction lLS $ 10.000.00 $ 10,000.00

7 Manhole 48-inch Diameter 3EA $ 4,500.00 $ 13,500.00

8 Trench Excavation SafeW System ILS $ 6.000.00 $ 6.000.00

9

10-inch SDR 35 Sanitary Sewer Pipe and Fittings for

Open Cut, Incl. Bedding, Backfill, & Surfacing

Connects Basin 2 to Basin 1 5OO LF $ 130.00 $ 65,000.00

l0

8-inch PVC Force Main and Fittings for Open Cut,

Incl. Bedding, Backfill, & Surfacing to Serve Basins I
and2 3.600 LF $ 130.00 $ 468,000.00

ll
4-inch PVC Force Main and Fittings for Open Cut,

Incl. Bedding, Backfill, & Surfacing to Serve Basin 3 3,020 LF $ I10.00 $ 332,200.00

Lift Station (520 gpm, 150 TDH) to Serve Basins I
and2 ILS $ 900.000.00 $ 900,000.00

Lift Station (200 eDm. 160 TDH) to Serve Basin 3 ILS $ 600,000.00 $ 600,000.00

t4 Temporary Erosion and Sediment Control ILS $ 5,000.00 $ 5,000.00

City of Port Townsend

Southwest Sewer Basin Study December 2009
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TABLE 5-8

Alternative 58 - Cost Estimate for Serving
Basins I (270 Acres) xnd 2 with Common Lift Station

Subtotal
Sales Tax @ 8.40 %:
Subtotal

Construction Contingency (20%)
TOTAL ESTIMATED CONSTRUCTION COST

Easements/ROW
Permits
Engineering and Construction Management (20%)

TOTAL ESTIMATED PROJECT COST

Page 5-14

$ 2,481,700.00

$ 208,s00.00

$ 2,690,200.00

$ 538,100.00
$ 3,228,300.00

$ 40,000.00

$ 15,000.00

$ 645,700.00

$ 3,929,000.00

City ofPort Townsend

NO ITEM QUANTITY TINIT PzuCE AMOUNT

I Construction Surveying 1LS $ 20,000.00 $ 20.000.00
2 Spill Prevention, Control, and Countermeasure Plan ILS $ 3,000.00 $ 3,000.00
3 Locate Existins Utilities ILS $ 10,000.00 $ 10.000.00
4 Mobilization , Cleanup, and Demobilization lLs $ 150,000.00 $ r50,000.00
5 Proiect Temporary Traffic Control ILS $ 20,000.00 $ 20,000.00
6 Removal of Shucture and Obstruction ILS $ 10.000.00 $ 10.000.00
1 Manhole 48-inch Diameter 3EA $ 4,500.00 $ 13,500.00
8 Trench Excavation SafeW System ILS $ 6.000.00 $ 6.000.00

9

10-inch SDR 35 Sanitary Sewer Pipe and Fittings for
Open Cut, Incl. Bedding, Backfill, & Surfacing
Connects Basin 2 to Basin I 5OO LF $ 130.00 $ 65.000.00

t0

8-inch PVC Force Main and Fittings for Open Cut,
Incl. Bedding, Backfill, & Surfacing to Serve Basins I
and,2 1,900 LF $ 130.00 $ 247.000.00

ll
4-inch PVC Force Main and Fittings for Open Cut,
Incl. Bedding, Backfill, & Surfacing to Serve Basin 3 3,020 LF $ 110.00 $ 332,200.00

l2
Lift Station (645 gpm, 180 TDII) to Serve Basins I
and2 lLS $ 1.000.000.00 $ 1,000,000.00

l3 Lift Station (200 mm, 160 TDH) to Serve Basin 3 lLS $ 600,000.00 $ 600,000.00
t4 Temporary Erosion and Sediment Conhol lLS $ s,000.00 $ 5.000.00

December 2009 Southwest Sewer Basin Study



Gray & Osborne, Inc., Consulting Engineers

TABLE 5-9

Alternative 5C - Cost Estimate for Serving
Basins I (1,245 Acres) and2 with Common Lift Station

$ 4,058,700.00Subtotal
Sales Tax @8.40%:
Subtotal
Construction Contingency (20%)

TOTAL ESTIMATED CONSTRUCTION COST

Easements/ROW
Permits
Engineering and Construction Management (20o/o)

TOTAL ESTIMATED PROJECT COST

$34 1.000.00

$ 4,399,700.00

$ 880.000.00

$ 5,279,700.00

$ 50,000.00

$ 20,000.00

$ 1,056,000.00

$ 6,405,700.00

5-1 5

NO ITEM OUANTITY T]NIT PzuCE AMOLINT

1 Constructi on Surveying 1LS $ 20,000.00 $ 20.000.00

2 Spill Prevention, Control, and Countermeasure Plan ILS $ 3,000.00 $ 3,000.00

3 Locate Existine Utilities 1LS $ 10,000.00 $ 10,000.00

4 Mobilization . Cleanup. and Demobilization lLS $ 150.000.00 $ 150,000.00

5 Proiect Temporary Traffic Control lLS $ 20.000.00 $ 20,000.00

6 Removal of Structure and Obshuction ILS $ 10,000.00 $ 10,000.00

7 Manhole 48-inch Diameter 3EA $ 4,500.00 $ 13,500.00

8 Trench Excavation Safetv Svstem ILS $ 6.000.00 $ 6,000.00

9

l0-inch SDR 35 Sanitary Sewer Pipe and Fittings for

Open Cut, Incl. Bedding, Backfill, & Surfacing

Connects Basin 2 to Basin I 5OO LF $ 130.00 $ 65,000.00

l0

l5-inch PVC Force Main and Fittings for Open Cut,

Incl. Bedding, Backfill, & Surfacing to Serve Basins I
znd2 3,900 LF $ 160.00 $ 624,000.00

ll
4-inch PVC Force Main and Fittings for Open Cut,

Incl. Bedding, Backf,tll, & Surfacing to Serve Basin 3 3.020 LF $ 110.00 $ 332,200.00

t2
Lift Station (2065 gpm, 215 TDH) to Serve Basins I
and2 ILS $ 2,200,000.00 $ 2.200.000.00

13 Lift Station (200 mm, 160 TDH) to Serve Basin 3 ILS $ 600,000.00 $ 600,000.00

t4 Temoorarv Erosion and Sediment Control ILS $ 5.000.00 $ s,000.00

City of Port Townsend

Southwest Sewer Basin Study December 2009



Gray & Osborne, Inc., Consulting Engineers

ALTERNATIVE 6: BASINS 2 AND 3 SERVED BY COMMON LIFT STATION,
BASIN 1 SERVED BY INDIVIDUAL LIFT STATION

This alternative examines Basins 2 and 3 being served by a common lift station, and
Basin I being served by its own individual lift station. Again, {ifferent lift station
configurations were examined as Basin I service area expands. Figure 5-6 shows the
basic infrastructure needed for this alternative. A 750-foot long, 8-inch-diameter gravity
line is needed to interconnect Basins 2 and 3. The lift station serving Basins 2 and 3
would be located near the intersection of Glen Cove and Discovery Roads, as shown in
Figure 5-6 and is designed for a peak hourly flow of 455 gpm and TDH of 180 feet. A
6-inch force main is needed to access an existing manhole in South Park Avenue and it is
approximately 3,200 feet long.

The flows for Basin 1 are as follows

Alternative 6A: If Basin I is 180 acres in size, the peak hourly flow to the
lift station located near Discovery Road and Sims Way intersection
(PS 1A) Is 265 gpm. A 6-inch force main is necessary for this alternative
and the lift station TDH is 150 feet.
Alternative 68: If Basin 1 is increased in size to 270 acres as shown in
Figure 5-2,the peak hourly flow realized at PS 1B (on Larry Scott
Memorial Trail) is 390 gpm. A 6-inch force main is requirc3:nd the lift
station will have a TDH of 190 feet.
Alternative 6C: If Basin I is expanded to include the LAMIRD and all
areas capable of gravity flowing to the lift station on Mill Road (PS 1C),
the peak hourly flow for the lift station on Mill Road is 1,810 gpm. A
l2-inch force main (3,900 feet long) is required to serve the lift station at
full build-out and the TDH for the lift station is 230 feet.

The limitation of this alternative is that two lift stations are needed, resulting in increased
annual operation and maintenance costs. Another limitation is that the lift station serving
Basins 1 for the projected I,245-acre area will need to be constructed in phases as
build-out occurs, resulting in higher costs for the lift station. Costs for serving Basins 2
and 3 by a common lift station for the three different Basin I scenarios are presented in
Tables 5-10 through 5-I2. The impacts to existing sewer lines were not examined for this
alternative, but existing collections lines within City limits will exceed capacity as
Basin 1 service area expands.

Pase 5-16 City of Port Townsend
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Gray & Osborne, Inc., Consulting Engineers

TABLE 5-10

Alternative 6,{ - Cost Estimate for Serving
Basins 2 rnd 3 with Common Lift Station, Basin L 180 Acres

NO ITEM QUANTITY LINIT PzuCE AMOLINT

I Construction Surveying lLS $ 20.000.00 $ 20,000.00

2 Spill Prevention, Control, and Countermeasure Plan ILS $ 3,000.00 $ 3,000.00

3 Locate Existine Utilities ILS $ 10,000.00 $ 10,000.00

4 Mobilization . Cleanun. and Demobilization ILS $ 150,000.00 $ 150,000.00

5 Proiect Temporary Traffic Control ILS $ 20,000.00 $ 20,000.00

6 Removal of Structure and Obstruction ILS $ 10.000.00 $ 10,000.00

7 Manhole 4S-inch Diameter 4EA $ 4,s00.00 $ 18.000.00

8 Trench Excavation SafeW System lLs $ 6.000.00 $ 6,000.00

9

S-inch SDR 35 Sanitary Sewer Pipe and Fittings for

Open Cut, Incl. Bedding, Backfrll, & Surfacing ,

Connects Basin 3 to Basin 2 750 LF $ 1s0.00 $ I12,500.00

10

6-inch PVC Force Main and Fittings for Open Cut,

Incl. Bedding, Backfill, & Surfacing to Serve Basin I 3.600 LF $ 120.00 $ 432,000.00

1l

6-inch PVC Force Main and Fittings for Open Cut,

Incl. Bedding, Backfill, & Surfacing to Serve Basins

2 and3 3.200 LF $ 120.00 $ 384.000.00

12 Lift Station Q65 wm,l50 TDH) to Serve Basin I ILS $ 700.000.00 $ 700,000.00

l3
Lift Station (455 gpm, 180 TDH) to Serve Basins 2

and 3 1LS $ 900.000.00 $ 900,000.00

t4 Temoorarv Erosion and Sediment Control 1LS $ s,000.00 $ s.000.00

Subtotal
Sales Tax @8.40%:
Subtotal
Conshuction Contingency (20%)

TOTAL ESTIMATED CONSTRUCTION COST

Easements/ROW
Permits
Engineering and Construction Management (20%)

TOTAL ESTIMATED PROJECT COST

$ 2,770,500.00

$ 232,800.00

$ 3,003,300.00

$ 600 700.00

$ 3,604,000.00

$ 40,000.00

$ 15,000.00

$ 720,800.00

$ 4,379,800.00

5-17City of Port Townsend

Southwest Sewer Basin Study December 2009



Gray & Osborne, Inc., Consulting Engineers

TABLE 5-11

Alternative 6B - Cost Estimate for Serving
Basins 2 and 3 with Common Lift Station, Basin 1 270 Acres

Subtotal
Sales Tax @8.40 %:
Subtotal
Constructi on Contingency (20%)
TOTAL ESTIMATED CONSTRUCTION COST

Easements/ROW
Permits
Engineering and Construction Management (20%o)

TOTAL ESTIMATED PROJECT COST

Page 5-18

$ 2,666,500.00

$ 224,000.00

$ 2,890,500.00

$ 578,100.00

$ 3,468,600.00

$ 40,000.00

$ 15,000.00

$ 693,800.00

$ 4,217,400.00

City of Port Townsend

NO ITEM QUANTITY LINIT PRICE AMOLINT

I Construction Survevine ILS $ 20,000.00 $ 20,000.00

2 Spill Prevention, Control, and Countermeasure Plan ILS $ 3.000.00 $ 3.000.00
3 Locate Existins Utilities ILS $ 10,000.00 $ 10,000.00
4 Mobilization, Cleanup, and Demobilization ILS $ 1s0.000.00 $ 150.000.00
5 Proiect Temoorarv Traffic Control lLS $ 20.000.00 $ 20,000.00
6 Removal of Structure and Obstruction ILS $ 10,000.00 $ 10.000.00
7 Manhole 48-inch Diameter 4EA $ 4.s00.00 $ 18.000.00
8 Trench Excavation Safetv Svstem ILS $ 6,000.00 $ 6,000.00

9

S-inch SDR 35 Sanitary Sewer Pipe and Fittings for
Open Cut, Incl. Bedding, Backfill, & Surfacing,
Connects Basin 1 fo Basin 2 750 LF $ 150.00 $ 112,500.00

l0
6-inch PVC Force Main and Fittings for Open Cut,
Incl. Bedding, Backfill, & Surfacing to Serve Basin I 1,900 LF $ 120.00 $ 228.000.00

ll

6-inch PVC Force Main and Fittings for Open Cut,
Incl. Bedding, Backfill, & Surfacing to Serve Basins 2

and 3 3.200 LF $ 120.00 $ 384.000.00
12 Lift Station (390 eDm. 190 TDIil to Serve Basin I lLS $ 800,000.00 $ 800,000.00

13

Lift Station (455 gpm,l80 TDH) to Serve Basins 2
and 3 ILS $ 900,000.00 $ 900,000.00

14 Temporary Erosion and Sediment Conhol lLS $ 5,000.00 $ s.000.00

December 2009 Southwest Sewer Basin Study
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TABLE 5-12

Alternative 6C - Cost Estimate for Serving

Basins 2 and 3 with Common Lift Station, Basin I 1,245 Acres

NO ITEM QUANTITY UNIT PzuCE AMOLINT

1 Construction lLS $ 20,000.00 $ 20,000.00

2 Spill Prevention, Control, and Countermeasure Plan lLS $ 3,000.00 $ 3,000.00

3 Exi Utilities lLS $ 10.000.00 $ 10,000.00

4 Mobilization . Cleanup, and Demobilization lLS $ 150,000.00 $ 150,000.00

5 ect T Control ILS $ 20,000.00 $ 20.000.00

6 of Stnrcture and Obstruction ILS $ 10,000.00 $ 10,000.00

7 Ivf anhole 48-inch Diameter
/t EA $ 4,500.00 $ 18,000.00

8 Excavation 1LS $ 6,000.00 $ 6.000.00

9

S-inch SDR 35 Sanitary Sewer Pipe and Fittings for

Open Cut, Incl. Bedding, Backfill, & Surfacing,
Basin 750 LF $ 150.00 $ I12,500.00

l0

l2-inch PVC Force Main and Fittings for Open Cut,

Bedding, Backfill, & Surfacing to Serve Basin 1 3.900 LF $ 150.00 $ 585,000.00

ll

PVC Force Main and Fittings for Open Cut,

Bedding, Backfill, & Surfacing to Serves Basin

3 3.200 LF $ 120.00 $ 384,000.00

12 Station 10 230 Basin 1 ILS $ 2.000,000.00 $ 2.000,000.00

13

Lift Station (455 gpm, 180 TDH) to Serve Basins 2

and 3 ILS $ 900,000.00 $ 900,000.00

t4 Temoorarv Erosion and Sediment Control lLS $ 5,000.00 $ s,000.00

Subtotal
Sales Tax @8.40%:
Subtotal
C onshucti on ContingencY (20%o)

TOTAL ESTIMATED CONSTRUCTION COST

Easements/ROW
Permits
Engineering and Construction Management (20%)

TOTAL ESTIMATED PROJECT COST

$ 4,223,500.00

$ 354,800.00

$ 4,578,300.00

$ 9 15,700.00

$ 5,494,000.00

$ 50,000.00

$ 20,000.00

$ 1,098,800.00

$ 6,662,800.00

5-1 9City Townsend

Southwest Sewer Basin StudY December 2009
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ALTERNATIVE 7- BASINS I, 2, AND 3 SERVED BY COMMON LIFT
STATION, BASIN 1 SERVES LAMIRD

The Cify is interested in examining alternatives to serving the LAMIRD identified in
Figure 5-3. This alternative specifically examines a Basin I service area that includes the
LAMIRD and areas that can be served north of the LAMIRD, as depicted in Figure 5-7.
For this alternative, the Basin I is approximately 500 acres and using a wastewater
loading rate of 1,230 gpd/acre and peaking factor of 1.7, the peak hourly flow is projected
to be 730 gpm. For this alternative, a lift station located on Mill Road was examined that
has the capacity to serve Basins 1,2 and 3, for a total design flow of 1,185 gpm and TDH
of 240 feet. A 1O-inchforcemainisneededtoserveBasins l,2,and3giventhesizeof
Basin 1 shown in Figure 5-7. Costs for this alternative are presented in Table 5-13.

Page 5-20 City of Port Townsend
December 2009 Southwest Sewer Basin Study
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Gray & Osborne, Inc., Consulting Engineers

TABLE 5-13

Alternative 7 - Cost F'stimate for Serving

Basins lr2, and 3 with Common Lift Station, Basin 1 500 Acres

$2,774,000.00
$ 233.100.00

$ 3,007,100.00

$60 00.00

$ 3,608,600.00

$ 50,000.00

$ 20,000.00

$ 721,800.00

$ 4,400,400.00

ALTERNATIVE 8: 8O.ACRE EDUCATIONAL FACILITY

The City has recently acquired an 8O-acre parcel located just outside the City limits and

just west of the water stoiage tanks (see Figure 5-8). This parcel is currently intended to
-be 

used for an educational iacility. This area is relatively low and a lift station is needed

to access existing sewer lines. The wastewater flow from this area was estimated by

assuming an ultimate maximum peak day flow per acre of 1,750 gpad, the highest flow

rate per icre value for the western sewer basins studied by CH2M Hill in the lVastewater

Coiprehensive Plan. This high flow rate per acre was chosen given the intended use as

an eiucational facility and poGntial for large populations during certain events sponsored

by the proposed facility. The flow was then peaked using a peaking factor of 1.7 to

obtain a peak hourly flow rate of 165 gpm.

City ofPort Townsend 5-2 I

Subtotal
Sales Tax @8.40 %:

Subtotal
Construction ContingencY (20%)

TOTAL ESTIMATED CONSTRUCTION COST

Easements/ROW
Permits
Engineering and Construction Management (20%)

TOTAL ESTIMATED PROJECT COST

NO. ITEM OUANTITY LINIT PRICE AMOUNT

I lLS $ 10.000.00 $ 10,000.00

2 Countermeasure lLS $ 3,000.00 $ 3,000.00

3 Locate utilities 1LS $ 10,000.00 $ 10,000.00

4 and Demobilization ILS $ 150,000.00 $ 150,000.00

5 Proiect Temporary Traffic Control ILS $ 20,000.00 $ 20,000.00

6 Removal of Stnrcture and Obstruction lLS $ 10,000.00 $ 10,000.00

7 Manhole 48-inch Diameter 7EA $ 4,500.00 $ 3 1,500.00

8 Trench Excavation SafetY System ILS $ 6,000.00 $ 6,000.00

9

8-inch SDR 35 Sanitary Sewer Pipe and Fittings for

Open Cut, Incl. Bedding, Backfill, & Surfacing ,

2 750 LF $ 150.00 $ 112,500.00

9

l}-inch SDR 35 Sanitary Sewer PiPe and Fittings for

Open Cut, Incl. Bedding, Backfill, & Surfacing
5OO LF $ 140.00 $ 70.000.00

10

l0-inch PVC Force Main and Fittings for Open Cut,

Tncl. Beddins. Backfill. & Surfacing 3,900 LF $ 140.00 s 546.000.00

l1 Lift Station 1.185 epm.240 TDH ILS $ 1.800,000.00 $ 1.800.000.00

l2 Temoorarv Erosion and Sediment Conhol ILS $ 5,000.00 $ 5,000.00

Southwest Sewer Bdsin StudY December 2009
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The lift station is designed for a peak hourly flow of 165 gpm and TDH of 160 feet. A
4-inch-diameter force main, approximately 2,970 feet long, is needed to access the
existing sewer manhole at the intersection of 20th and Crest Avenue. The estimated cost
of the lift station and force main is approximately $1,691,500 (Table 5-14). The
possibility of gravity flowing from this area was not examined since other lines would
need to be installed south of this area to allow gravity-flow and the timefiame in which
this lines would be available is unknown. Also, the line would need to be very deep (up
to 40-feet deep) to promote gravity flow. The capacity of Hamilton Heights Lift Station
must be evaluated if the flow from the educational facility discharges at the manhole
shown on Figure 5-8.

TABLE 5-14

Alternative 8 - Cost Estimate for Serving Educationat Facility

NO. ITEM QUANTITY TINIT PRICE AMOUNT

I Construction Surveying ILS $ 10.000.00 $ 10,000.00

2 Spill Prevention, Control, and Countermeasure Plan lLS $ 3,000.00 $ 3,000.00
J Locate Existing Utilities lLS $ 10,000.00 $ 10.000.00
4 Mobilization, Cleanup, and Demobilization ILS $ 80,000.00 $ 80,000.00
5 Project Temporary Traffic Control lLS $ 20,000.00 $ 20,000.00
6 Removal of Structure and Obstruction ILS $ r0,000.00 $ 10,000.00
7 Trench Excavation Safefy System lLS $ 6,000.00 $ 6,000.00

8

4-rnch PVC Force Main and Fittings for Open Cut,
Incl. Bedding, Backfill, & Surfacing to Serve
Educational Facilif 2,970 LF $ 110.00 $ 326,700.00

9

Lift Station (165 gpm, 160 TDH) to Serve
Educational Facility ILS $ 600,000.00 $ 600,000.00

10 Temporary Erosion and Sediment Control ILS $ 5,000.00 $ s.000.00

Subtotal
Sales Tax @8.40%:
Subtotal
Construction Contingency (20%)
TOTAL ESTIMATED CONSTRUCTION COST

Easements/ROW
Permits
Engineering and Construction Management (20%)
TOTAL ESTIMATED PROJECT COST

Page 5-22

$ 1,070,700.00

$

$1,160,700.00
$ 232,200.00

$ 1,392,900.00

$ 10,000.00

$ 10,000.00

$ 278,600.00

$ 1,691,500.00

City ofPort Townsend
December 2009 Southwest Sewer Basin Study
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Gray & Osborne, [nc., Consulting Engineers

COST SUMMARY AND RECOMMENDATIONS

Table 5-15 provides a summary of costs for each alternative presented in this chapter.

With regard to alternatives examined for serving Basins 1,2, and 3, it appears

Alternative 2 is the most cost-effective. This alternative assumes Basins l, 2, and 3 ate

served by a common lift station and Basin 1 serves an area of 270 acres. This alternative

presents several limitations:

. Basins 1, 2, and 3 are assumed to develop simultaneously'

. Basin I serves 270 acres,but has the potential to serve more area if the lift
station is located at a lower elevation (as presented in Alternative 3).

o The deep 8-inch gravity line interconnecting Basins 2 and 3 must be

installed. This line may be prohibited by the inabilify to obtain easements

or permits for construction near wetlands. Before Alternative 2 is more

actively pursued, the City should further investigate the feasibility of this

deep 8-inch gravitY sewer line.

In the event the deep 8-inch gravity line proposed to interconnect Basins 2 and 3 is not

feasible, the next beit alternative is Alternative 58 where Basin 1 serves an area of
270 aues,Basins I and2 are served by a common lift station, and Basin 3 is served by an

individual lift station. Serving the LAMIRD area will be expensive (Alternatives 3, 4C,

5C,6C, andT),but expanding Basin 1 to include this area does allow alatget area (as

shown in Figure 5-3) to be served.

As seen from the information presented in Table 5-15, the cost for serving the recently

acquired 8O-acre parcel for an educational facility is rather high. This cost may be

mo-difi"d and reduced if areas between this parcel and existing sewer collection lines

become developed, decreasing the length of force main needed to discharge to an existing

sewer line.

The impacts on the existing collection system due to the additional flows from unsewered

areas require further evaluation. The City's existing model provided by CH2M Hill
presents limitations with accurately identiffing these impacts and the City should

lonsider developing a new model that allows new flows to be precisely placed with

respect to existing collection lines. Wastewater treatment plant impacts also need to be

examined as addifional flows are added to the existing collection system.

City of Port Townsend 5-23
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Gray & Osborne, Inc., Consulting Engineers

TABLE 5-15

Summary of Costs to Serve Basins 1,2, ancl3,
LAMIRD Area, and 80-Acre Educational Facility

Page 5-24 City of Port Townsend

Alternative I -Basins l,2,and3 servedby
common lift station, Basin I 180 acres. $2,916,700

Alternative 2 - Basins L,2, and 3 served by
Basin L 270 aqescommon lift $2,742,700

Alternative 3 - Basins L,2, and 3 served by
Basin I 1 acrescommon lift $5,614,600

4A.: Basin 1 180 acres: $5,196,000
48: Basin 1270 aqes: $5,033,700

Alternative 4 - Basins 1,2, and 3 each served
by individual lift station, Basin 1 service area
varies 4C: Basin 1.I,245 acres: $7,494,200

5A: Basin I 180 acres: $4.117.900
Basin 1270 acres: $3,929,0005B

Alternative 5 - Basins I and2 served by
common lift station, Basin 3 served by individual
lift station, Basin I service area varies 5C: Basin I1,245 acres: $6,405,700

6,{: Basin I 180 acres: $4,379.800
68: Basin 1270 acres: $4.217.400

Alternative 6 - Basins 2 and 3 served by
common lift station, Basin 1 served by individual
lift station, Basin I service area varies 6C: Basin 71,245 acres: $6,662,800
Alternative 7 - Basins 1,2, and 3 served by
common lift station, Basin I serves LAMIRD
500 acres

$4,400,400

Alternative 8 - 8O-Acre Educational $1,691,500

December 2009 Southwest Sqtter Basin Study



APPENDIX A

Basin Flow Information from City of Port Townsend Wastewater Comprehensive Plan
(CH2M Hill, September 1999)
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The total peak infiltration within the City is approximately 720,000 gpd. Similar ro inflows, most of
the infiltration occurs in the Gaines Street and Monroe Street sewer basins, where most of the sewers
are older, deteriorating, vitrified clay or concrete pipe with joints every three or four feet. Many of
the sewers in the downtown area are also within the tidal zone, where groundwater rises and falls
within'the sandy soils to match the tide level. When tides are higher than the sewers, any opening or
leak in the joints or maintenanie holes allows groundwater to flow into the sewers.

The City's 1976 Sewer System Evaluation Survey stated that providing sufficient conveyance and
treatment capacity in the wastewater system was more cost effective than eliminating these sources
of infiltration. This is still true, given the widespread distribution of infiltration sources and the
relatively low quantity of infiltration at any one point. Removal of infiltration requires rehabilitation
or replacement of large portions of the collection system. However, some infiltration will be
removed as sewers or maintenance holes are rehabilitated or replaced for structural reasons.

Existing and Projected Wabtewater Flows by Sewer Drainage Basin i

Table 5-l I shows a summary of the existing and projected ultimate average and peak wastewater
flows by sewer drainage basin. This summary is based on the sanitary and inflow and infiltration
confributions within each sewer basin.

These wastewater flows are based on the per capita residential unit, and non-residential acre flow
rates, existiqg and planned land use and development and historjcal'flow monitoring data. Appendix
F contains a description of the rnethods used and the detailed calculations used to develqp the
existing and projected future flows within each basin. The ultimate peak day flows assume no
increase or decrease from the current amount of stormwater inflows, and they include either the
current infiltration or an infiltration allowance of 250 gatlons per acre per day for the entire basin,
whicheveris'greater.", ':'' i " 1::

TaaLE5-11 ,

Existing (1997) (gpd) Uttimate (gpd)

Basin Average Dry ,

Weather
Peak Day Average D1y

Weather
Peak Day

l9th Strcet

Admiralty Avenue

Discovery Road

F Street

Gaines Street

Golf Course

Hastings Avenue

Monroe Street

North Beach

Port

24,210

160,045

80,427.

32,2t0

I18,599

,.40,918 ,

56;997 '

20t,t t3

1 3,1 95

25,080

104,535

58s,667

277,781

114,735

1,320,178

147-,956

152,276

I,064,690

19,793

45,359

39,t22

333,160

198,790

57,564

t69,509

I1,6,409

265,949

292,50t.

50,240

I13,605

r15,772

800, I 78

,143,803

139,649

1,107,548

256:671

524,650

1,035,609

93,196

t98,299

I g4o2WPORruu{Eg gDMFrSplFtLEsilApRtLggREpoRrSccS.0@ 5. 13



TABLE 5-1 1

and Proiected Wastewater Flows

Existing (1997) (gp6y Ultimate (gpd)

Basin Average Dry
Weather

Peak Day Average Dry
Weather

Peak Day

San Juan Avenue 48,295
:

29,698

77,032

5,462

2,030

SeavieMHoward Street

Sims Way

Southwest

West

l2 I.043

44,547

327,408

8, t94

3,045

273,696

303,824

3 l t,530

r 39,988

89,875

47 r,505

595,578

672,025

240,521

t59,t72

Flow Monitoring
As parr of this FIan; city staff conducted an extensive flow monitoring program to verify existirig
wastewater flpws frorn iach basin and help confirrn the location of.the most significant sources ofinflow and infiltratibn.

':
The city owns two Flo-ToJe waste\.vater flow meters. To monitor flows, these meters are inserted
lnto ttle ptpe leading out of a maintenance hole; they measure the flow in the pipeline at five minuteincrement$- To verify typical flows at a number of different locations, City stafr ptaced the meters atdifferent locations for periods of up to eight weeks. Figure 54 and Table 5-12 show the locations
and dates where flows were monitored oi where attemp-ts to monitor *"r" *uJ". At ,"u"r"t
monitoring locations data was incomplete, inaccurate, b, not measured because of difficulties with
the measurilg gonditiqns at the location. These locations where average dry weather;il;&;;;
are not available- are indicated with a ..-."

The data obtained from the two flow meters was reduced and used to identify the following at each
site for the duration of the test:

. Average dry weather flo.iv:rate

. Dry weather diurnal variation from average flow rate

' Typical wet weather flow rates experienced during the monitoring period.

Total 9rsJ10 4337206 2,755J61 6,E54,174

The pattern of flow rates at each location was consistent from day to day during dry weather
conditions' wet weather greatly affected areas with large inflows, and had little affect on areas withlittle or no inflow. Due to tho timited amount of time available for monitoring flows at each site,
some locations had very little data during rainfall events. Measured flgws were used to verify
averagd flows and the presence of infloiwil;";ribi;: \,t $nF fl";;;;;;;""sed to improve
the hydraulic analysis model,

1 324OANEPOff ruWE99DRAFI8PTFfl ,ES\APRT.99REPORT.SEC5.DOC 5- t4



APPENDIX F

(

Existing and Future Wastewater Flows

Thp*racfred tables(Fl throughF-18), show estimated existingandultinrate"wastewaterf{ows
within each sewer basin. Each table contains data including the total and developable areas within
each basin and an estimate of current development levels.

Basin Areas

The basin area is simply the geographical area of that basin. The area excluding right-of-ways was

determined by removing all planed right-of-ways from the basin area, and by reserving an estimated

20 percent of the unplatted areas for right-of-ways. For most of the City, the right-of-ways are wpll
established and are not likely to change. However, in areas that are currently not platted or not

develgped, the right-of-ways are likely to change. ,1: .

Devefopment Factors

Wastewater flow estimates are based on a maxirnum number of residential units per acre, or on a

maximum commercial developmertt per acre. Many factors, however, prevent most acres of
developable land to be developed to their maximum potential. Zoning and planned land use have

generally changed to allow more dense development than in the past, and so many areas are

underdeveloped by current standards. Wetlands, other environmentally sensitive areas, and open

space requirements serve to reduce the developable area within each acre of land. Finally, as an

example, if a parcel is zoned for up to 4 single family dwelling units per acre, and the parcel is 1.2

acres, the maximum density to which that parcel can actually be developed is only 3.33 dwelling
units per acre.

To account for these factors that all combine to cause a certain amount of underdevelopment, a

factor is applied to the land use areas, exclusive of right-of-ways, before estimating the maximum
wastewateiflow that can be generated from that area. This is. a "development factor". These

development factors are assumptions taken from studies done for other municipalities.

There are two development factors shown for each basin. The existing developmeirt factor is based

on the actual number of dwelling units that exist today, cornpared with the land that is currently
developed. Because the residential contribution is a much larger portion of the overall wastewater

flow than the non-residential contribution, non-residential land is assumed to be developed at the

same rate as residential land.

As land prices escalate and construction profit margins are reduced, there is substantial pressure to
increase the intensity of land use in the future. For this reason, a separate future development factor
is applied to currently undeveloped land. This future development factor is based on the Cityls
ultimate population projection and still takes into account some underdevelopment, but less than the

existing development factor.

Development
The existing number of residences and developed non-commercial land are combined with the
projected new residences and undeveloped non+ommercial land to estimate the ultimate number of
residences and level of non-residential development.



Wastewater Flows
The estimated sanitary wastewater flows are based on the numbers of residential units and non-residential acres, combined with the unit flow rates shown in Tabte F+ i;;];i;; and infittrarionflows are based on the detaited inventories of each inflow or infiltration source. For these flowestimates, it is assumed that no additional storm sewer connections (inflows) into the sewer systemwill be allowed' but also thal1o existing connections will be removed. Also, it is assumed that areaswith existing infiltration probtems wilt iee a ren persent in.r"u* in ir,"'i"iri*,;;;l; the furure, assewers and maintenance holes age and decay further.

Flow Monitoring Results
Where flow monitoring has been done within the basin, a summary of the flow monitoring results isincluded. These results help verify the estimate of existing flow rates;

ti



Table F-1

Summary of Existing Wastewater Flows (gallons per day)Based on Existing Development and Average Flow Rates

Basin

19th Street

Admiralty Avenue

Discovery Road

F Street

Gaines Street

Golf Course

Hastings Avenue

Monroe Skeet

Norlh Beach

Port

San Juan Avenue

SeaviewftlowArd Sl.

Sims Way

Southwest

Wesl

Total

Average Dry Weather

lnflow lnfiltration Total Sanitary

24,210

Peak Day

lnflow lnliltralion Total

13,0s0

142,765

72,867

24,650

80,439

36,238

54,477

136,673

1 3,1 95

22,560

28,855

29,698

72,352

5,462

2,030

1 1 ,160

17,280

7,560

7,560

38,1 60

4,680

2,520

64,440

0

2,520

19,440

0

4,680

0

0

80,

ozlt

1 18,599

40,918

201,1 1

1 3,1 95

25,080

19,575

214,147

109,301

36,975

1 20,658

54,356

81,716

205,010

19,793

33,83e

43,283

44,547

108,528

8,1 94

3,045

29,189

218,921

100,078

34,402

757,884

54,209

43,784

435,758

0

1,042

0

0

144,905

0

0

44,640

69,1 20

30,240

30,240

1 52,640

18,720

10,080

257,760

0

10,080

77,760

0

18,720

0

0

93,404

502,1 88

239,620

! 0t,617

1 ,031 ,1 83

127,285

135,580

898,528

19,793

M,962

121,043

44,547

272,153

8,1 94

3,045

29,

77,

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0 0 180,000 915,310 1,102,966 1,820,174 720,000 3,643,139

Table F-2

Summary of Ultimate Wastewater Flows (gallons per day)

Basin Sanilary lnflow Inlittration Total

Peak Day

lnfiltratlon Total

19lh Street

Admiralty Avenue

Discovery Road

F Slreet

Gaines Street

Golf Course

Hastings Avenue

Monroe Street

North Beach

Port

San Juan Avenue

SeaviedHoward St
Sims Way

Soulhwest

West

Total

27,962

300,554

180,574

50,004

131,349

105,268

233,170

228,061

43,106

102,866

24gig12

247,888

287,600

127,n2

80,131

1 1,160

32,607

18,216

7,560
'3S,160

1 1;140

32,n9

64,440

7,lU
10,740

24,3U

55,937

23,930

12,216

9,7M

39,1

333,1

41,943

450,831

270,860

75,007

197,023

157,903

349,755

342,092

64,660

154,298

373,967

971,832

491,400

191,659

120,197

29,189

218,921

100,078

ui402

757,8U

54i209

43,7U

435,758

0

1,U2

0

0

144,905

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

198,790

57,564

292,501

50,240

I 1 3,605

89,875

44,640

-i 130;426,

72,964

30,240

152,640

44,560

131,1 lO

257,760

28,536

42,959

97,538

223,747

95,720

48,862

38,975

115,772

800,178

443,803

139,649

1,107,548

, 256,671

524,650

1,035,609

93,196

198,299

471,505

595,578

672,025

240,521

159,172

2,395,6.l7

I 32,(I2\ReportUun99DraftRptFilcsWowGcn,l-98sls [Summaryl

3601144 4755,761 3F93il25 .{,82q174 .{,440,576 6,954,174



Table F-3

Flow Rates by Land Use, Flow Rate by Unit, and peaking Factors

Land Use UnitdAcre FloMUnit FloMAcre
R-r(sF)

R-il(SD

R.ilt(MR

R,rv(MF)

c-l

c-il

c.fl(H)

c-ilt

M-C

Gt/[4U

C-lUtlU

M.[(4
M.r(B)

P/OS

P/OS(A)

P/OS(B)

P.t

580

1,160

1,920

2,880

1,000

1,500

3,000

2,000

1,500

1,000

1,500

1,500

I,500

500

500

500

1,500

4

I
16

24

145

145

120

120

Weather Flow Rates

SF

MF

lnf iltration Allowance

Factors

Eristing Development Factor:

Fulure Development Facton

Rosidentlal Redevelopment Faclon

Non*esidential Redevelopment Faclor:

145 gallons/uniUday

120 gallons/uniUday

0 gallons/acre/day

75%

80%

6s%

7SYo

'Factors

SF Hesidential

MF Resklential

Non residential

lnflow

lnfiltralion

r.50
1.50

1.50

1.00

r.00

,4i

!32402\ReporNunggDraftRpfi lcs\FtowCren4-9g.xts [Unit Ftows & Factoal

I



Table F-4

West Basin

Basin Area (acres)

Approximate Percentage Rightof-Ways

Area excluding right-of-ways (acres)

156

10%

140

Development Factors

Existing;

Future:

7SYo

80%

Developed

Un-

developed Totel

Maximum

Units/Aere

Net Future

Units

Nei Fulure

Acres

R-r(sR

R-il(SR

R-ilt(MR

R-rv(MR

c-l

c-il

c-il(H)

c-ilt ,'
M-C

C.t/MU

c-il/MU

M.il(A)

M.il(B)

P/OS

P/OS(A)

P/OS(B)

P-l

461

12

40

o

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2

72

0

0

0

0

0

0

0

0

0

0

0

0

0

4

0

14

112

o

0

0

0

0

0

0

0

0

0

0

0

0

4

0

4

8

16

24

7

0

0

r';

0

0

0

0

0

0

0

0

0

0

0

3

0

346979 14{)

Future, Total Percenl

SF Units

MF Units

Non-residential (ac)

14

0

0

541627

#Dr\,70r

3%

a%

0

4

0

4

Total

-Average.. ... Peak Average ..: Peak Average Peak

SF Residential

MF Residenlial

Non+esidential

lnflow

lnfiltration

total

2,030 3i045

0

0'o
0

76;435

0

1,666

114,652

0

2,500

0

0

78,465

0

1,666

117,697

0

2;500

0

0

0

0

0

78;101 117,152 80,131 120,197

I 32402\ReportUun99DraftRptFiles\FlowGenzl-.98.x1s IWestl



Table F-5

Southwest Basin

Basin Area (acres)

Approximate Percentage Rightof.Ways

Area excluding rightotways (acres)

195

21%
't54

Developmenl Faclors

Existing:

Future:
75%

80%

Developed developed Tohl
Maximum

Unlts/Acre
Net Future

Units

Net Future

Acres
R.r(sF)

R{r(sq

R.ilt(MF)

R-tv(MD

c-t

c-il

c-(H)
c-ilt ,'
M-C

C.UMU

c-tuil,tu

M.il(A)

M-il(B)

P/OS

P/OS(A)

P/OS(B)

P-t

0

455

78

0

154

0

71

6

0

0

21

0

0

5

0

2

0

0

4

0

0

0

0

33

8

0

0

1

0

0

2

0

0

0

0

0

0

0

0

a

0

104

14

0

0

23

0

0

7

0

2

0

0

4

0

0

0

4

I
16

24

SF Units

MF Units

Nonresidentiat (ac)

,14

0

3

10

513

78

32

0

17

0

0

4

0

2

0

0

3

0

0

0

2653il

3Yo

0%

9%

Future

Peak

Total

PeakSF Reiidentiat

MF Resi.dential

Non-residential

Peak Average

3,045

0

5,149

0

0

9,340

1e1 12,,310 t

'111,668

14,011

57,796

0

0

76,476

9,340

41,956

114, 3

14,011

62,934

0

o

lnflow

lnfiltralion

Tolal

38;5243,432

0

l9l;659

t 32402\RcpoirlJunggDraft RptFiles\FlowGcn4-98-xts [Sourhwcstt

727,n2
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Table F-6

Sims Way Basin

Basin Area (acres)

Approximate Percentage Right+f.Ways

Area excluding rightof-ways (acres)

75%

80%

383

34%

254

Development Factors

Existing:

Future:

Un- Maximum

Units/Acre

Net Future

Units

Net Future

AcresDeveloped developed Tolal

R-t(sR

R-il(SF)

R.ilr(MF)

R-rv(Mn

c-l

c-lr

c-il(H)

c-ilr ,'
M-C

c-1/i/u

c-tnMU

M-il(A)

M-r(B)

P/OS

P/OS(A)

P/os(B)

P-l

0

13

1

0

39

0

6

0

0

2

0

0

3

0

236

2n
154

0

97
22

8

0

16

2

0

48

0

I

1

0

3

0

0

0

61

17

1

0

ZJ

2

0

2

0

0

0

0

0

0

0

i:

0

98

38

I
0

39

3

0

50

0

7

1

0

3

0

0

4

4

I
16

24

1 3

106 147 254 667 65

--lr!$ng '.' Fqlurc. Percenl Developed

SF Units

MF Units

Non*esidential (ac)

273

0

27

,' 295

43i

81

8%
0To

25%

568

431

108

4vergg.r:, Pgak Average Average Peak

Future

Peak

SF Residential

MF Residenlial

Non*esidential

lnflow

lnfilkation

Total

39,585

0

92,76V

5e;978

0

49;r50

200,160

4,690"

313F68

42,7U

51,675

120,839

64,101

n,512
181,259

0

468

82,319

51,675

153,606

123,479

n,512

230,409

200,160

5,1484,680

323,34{t 287,600 636,708

I

132402\ReporNun99DraftRpFiles\FlowGen4-98.xls [Sirns Wayl



Table F-7

Seaview/Howard Street Basin

Basin Area (acres)

Approximate Percentage Rightof.Ways

Area excluding right-of-ways (acres)

895

37Yo

564

Development Faclors

Exisling:

Future:

75%

80yo

Developed develoBed Tolal

Maximum

UnildAcre
Net Future

Unils
Net Fulure

6nrac
R-r(sF)

R-il(SR

R-il(MF)

R-tv(MD

c-l

c-[
c.il(H)

e-ill ,'
M-C

C.UMU

c-tuMU

M.il(A)

M-il(B)

P/OS

P/OS(A)

P/OS(B)

P-l

0

0

0

0

0

4

0

0

0

26

0

40

1

955

202

23

0

139

4

0

0

0

0

0

0

0

0

0

0

0

0

0

0

'I

299

32

2

0

0

0

0

0

0

5

0

0

0

32

0

50

1

437

35

2

0

0

0

0

0

0

5

0

0

0

32

0

50

2

4

8

16

24

71564

Percent

1,190

14%

ral 0%
101

Future
SF Units

MF Units

Non*esidenlial (?c)

0

1

23

89

23

88

Peak

Future

Peak

Total

Average Peak

204,983

2,737,

40,169

SF Residential

MF Residential,

Non*esidential

lnflorv

lnfillration

Tolal 29,59S 190 927285 247,888

1988

0

0

ttfi2
0

0

2,757

39;180

264,409

4,106

ffi,n0
0

0

307,474

'4,106

,60,252

0

0

371,832

I 32402\ReportUu n9gDraftRptFites\FlowCrenGgg.dS lsreaviewl



Table F-B

San Juan Avenue Basin

Basin Area (acres)

Approximate Percentage Rightof-Ways

Area excluding right-of -ways (acres)

390

a4 lo

306

Development Factors

Existing:

Fulure:

75%

80%

Un. Maximum

UnitVAcre

Net Future

Units

Net Fulure

AcresDeveloped developed Total

R-r(sF)

n-il(sF)

R.ilt(MD

R.rv(MF)

c-l

c-il

c-il(H)

c.ill .'
M-C

C-l/l\4U

c.il/Mu

M.il(A)

M.il(B)

Pios

P/OS(A)

P/OS(B)

P-t

,080

99

0

254

11

0

0

0

0

0

0

0

0

0

0

2

0

2

34

2

169

I
0

0

0

0

0

0

0

0

0

0

2

0

2

34

0

86

3

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2 4

I
16

24

6

0

0

0

0

0

0

0

0

0

2

0

2

27

89 217 306 1,184 31

Fgture Percent

SF Units

MF Units, ''
Non-residential (ac)

134$

oo

39

1144

99

39

99

0

0

15o/o

:4 0%

}Yo

sFB;ide;iiai
MFResftJential

'Ndn-residentlal' 
'

lnflow

lnliltration

Total

'.'Average :.' .'Peek _ Averag? '. :'. Peak Ar.rtr . tea*
23;855 4{l;283 165,862 248,792 194,711' 29?,075
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Table F-l2
Hastings Avenue Basin
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Table F-l6
Discovery Road Basin

Basin Area (acres)

Approximate Percentage Rightof-Ways

Area excluding rightof-ways (acres)
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APPENDIX B

Model Results from City of Port Townsend W'astewater Comprehensive Plan
(CH2M Hill, September 1999)
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APPENDIX C

Revised Sewer Model with New Flows



Following are the model results for additional flow from new basins to be served outside

City limits, as shown in Figures 2-IA and 2-1B of this study. The additional flows from

these basins were added into CH2M Hill's existing model, as presented in Appendix B of
this study. Flows presented in the following model are ultimate day peak hourly flows

(third column in the follor.ving model). The following model results are for the server

lines contained within the study area boundaries or sewer lines that are affected by
additional wastewater flows from new basins outside City limits (as opposed to CH2M
Hill's model contained in Appendix B that covers all existing sewer lines). Sewer line

sizes have been modified in the following model to reflect recently installed sewer lines

and other upgrades.

The sewer line through the golf course has been separated fiom the main model since

these flows were further adjusted (reduced by 3.12 MGD) to account for the flow that

bypasses this line through the Gaines Street lift station.

In the event the projected ultimate peak hourly flow exceeds the pipe capacity, the

required pipe size is provided (second to last column in the model)'

City of Port Townsend C-I

Southwest Sewer Basin Study December 2009



Capacity Of
New Pipe, MGD

6.6794

Capacity Of
Existing Pipe,

MGD

Required Pipe
Diameter,

lnches

11.2429
10.8970
3.0068
8.9210
9.2571
8.8214
B.BB22
8.2850
11.2575
17.7314
12.2291
11.4796
12.3814
12.1097
12.0522
13.4153
10.3650
14.1957
9.2658
11.8742
13.4923
14.7812
11.4985
12.3197
11.0422
9.7772
11.2255
1.0437
1.8174
2.5709
2.5018
1.8605

24

Existing Pipe
Diameter,

lnches

30
30
30
18
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
10
8
8
I
8

Manning's
n

u.u125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0'125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0'125
0.0125

Slope,
fvft

o.oo22
0.0014
0.0013
0.0016
0.0009
0.0010
0.0009
0.0009
0.0008
0.0014
0.0036
0.0017
0.0015
0.0017
0.0017
0.0016
0.0020
0.0012
0.0023
0.0010
0.0016
0.0021
0.0025
0.0015
0.0017
0.0014
0.0011
c.0014
0.0043
0.0430
0.0861
0.0815
0.0451

Ultimate Peak
Hour Flow,

MGD

/.38E9
7.8969
7.9189
6.5869
7.9189
7.9189
7.9589
7.9629
7.9629
9.9940
9.9950
9.9980
9.9920
9.8382
9.9672
9.8332
9.9890
8.9839
8.0449
8.0449
8.0299
8.0299
8.0449
7.3989
7.4879
7.4089
7.4229
7.8969
0.7260
0.6420
0.5160
0.5120
0.5050

U/S MH
To

D/S MH

Al l-489
A117-A118
A11B-A120
A12-A11
4120-A121
4121-A122
4122-A123
4123-A124
4124-A125
pa-p B
A2B-pz?
MC-A39D
A3-A2
A39B-A39C
A39C-A39E
A39D.A39B
A4-A3
A5-A4
A5A.A5
46-A5A
46A-46B
468-A6C
A6C-A6
AB9-A9O
A9-A92
A90-A10
A91-A9
A92-A117
c1-A11
c10-c9
c11-C10
c12-C11
c13-C12

Pipe
Number
14 tU5
17760
17758
14706
1 5670
15671
15672
1 5673
15674
17798
1 5897
1 5896
15483
1 5400
154C2
1 5399
15415
15428
15429
1 5430
15484
16010
16011
11704
i4638
14703
14695
17761
14599
14766
14767
14768
14t69
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Capacity Of
New Pipe, MGD

3.238'1

Required Pipe
-Diameter,

lnches

21

Capacity Of
Existing Pipe,

MGD

8
8
8
10
8
8
10
10
8
8
8
8
10
I
10
10
8
8
8
12
I
B

8
B

B

12
12
18
18
12
12
,18

18
18

0.6527
0.7835
0.6628
1.0582
1 .0156
t.t tz?
1.1567
O.BB5B

1.0412
0.5836
1.0424
0.7729
1.0893
0.5442
4.3358
4.9479
0.9738
1.7620
1.7993
3.7576
2.0468
2.2188
2.2631
1.7676
2.0333
2.1616
2.1825
3.0145
3.0014
6.8636
6.8648
9.8757
3.7011
2.1467

Existing Pipe
Diameter,

lnches

Slope Manning's
fVft n

0.0056
0.0080
0.0057
4.0044
0.0'134
0.0382
0.0053
0.0031
0.0141
0.0044
0.0142
0.0078
0.0047
0.0039
0.0745
0.0970
0.0124
0.0404
0.0422
0.0212
0.0546
0.0641
0.0667
0.0407
0.0539
0.0070
0.0071
0.0016
0.0016
0.0706
0.0706
0.0168
0.0024

0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0'125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.012s
0.0125
0.0125
0.0i 25
0.01250

Ultimate Peak
Hour Flow,

MGD

u.4900
0.4880
0.4850
0.4760
0.7200
0.4740
0.4000
0.7140
0.7110
0.3800
0.3780
0.3840
0.3840
0.6860
0.3460
0.6810
0.6780
0 6730
0.6470
0.6460
2.1271
0.7578
0.7558
0.7518
0.7478
0.7418
2.1301
2.1331
3.0039
3.0189
2.8919
2.8969
2.9839
2.9849
2.9849

U/S MH
To

D/S MH

u13A-C13
c17-C134
c18-C17
c19-C18
C2-C1
c20-c19
c21-C2o
c3-c2
c4-c3
c41-C47
c42-C41
c47-C48
c4B-C21
c5-c4
c55-C42
c6-c5
u / -t-o
c8-c7
c8A-C8
cg-c8A
E1.E1A
E12-E3
E13-E12
E14-E13
E17-E14
E18-E17
E1A-E2
E2-E3
E27-E28
E28-A18
E3-E4
E4-E5
E5.E5A
EsA-E5B
EsB-E27

' Pipe
Number

14/ (4
14780
14615
14778
14700
16131
14784
14701
14702
14783
14633
14782
1 6706
14759
17704
14760
14761
14763
14764
14765
15142
15151
15152
15153
15156
15155
15141
1s140
1 5106
'15101

15116
151 15
14253
17746
1510/
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Capacity Of
New Pipe, MGD

3.4127
' 

A'EA

Required Pipe
Diameter,

lnches

15
15

Existing Pipe
Diameter,

lnches

Capacity Of
Existing Pipe,

MGD

8
8
8
8
8
8
8
8
B

B

8
12
B

I
8
8
8
8
I
8
B

8
B

8
8
8
8
12
12
12
12
12

'1.4668

1.3778
0.7 411
0.6880
0.3804
0.6848
0.5352
1.3540
1.3149
0.4774
1.2412
2.1265
0.9456
1.8062
0.6'139
1 .0185
1.2908
1.3669
1.1788
0.5529
2.2872
1.1573
1.1011
0.6021
2.1768
1.8898
1.5127
1.8973
1.8248
1 .8316
2.8641
1.9082

Manning's
n

0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.012s
0.0125
0.0'125
0.0125
c.c125
0.0125
0.0125
0.0125
0.0125
0.0125
c.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0'125
0.0125
0.0125
0.0125
o.o125

Slope
fUft

0.0280
0.0247
0.0072
0.0062
0.0019
0.0061
0.0037
0.0239
0.0225
0.0030
0.0201
0.0054
0.01 16
0.0425
0.0049
0.0135
0.0217
0.0243
0.0181
0.0040
0.0682
0.0174
0.0158
0.0047
0.0617
0.0465
0.0298
0.0054
0.0050
0.0050
0.0123
0.0055

Ultimate Peak
Hour Flow,

MGD

0.2078
0.2098
0.2058
0.2058
0.2028
0.2028
0.2008
0.1918
0.1788
0.1 738
0.3248
2.1261
0.5560
0.5350
0.5330
0.5290
0.5170
0.5130
0.51 10
0.3218
0.3168
0.3098
0.3098
0.3068
0.3058
0.2638
0.7368
1.9001
1.9831
1.9901
1.9961
1.8991

U/S MH
To

D/S MH

t- 101-F57
F1 10-Fl 1 1

F1 1 1-F101
F112-F110
F114-F112
F115-F1'14
Fl 1sA-Fl 15
F1 16-Fl 15A
Fl 19-F1 16
F1 20-F1 1 I
F121-F120
F22-FB
F28-E1
F35-F48
F36-F35
:37-F36
:39-F37
:39-F3g
:40-F39
:41-F40

=5i-F22
F53-F51
F53A-F53
F54-F53A
F55-F54
F56-F55
F57-F56
F8-E18
G1-G2
(JZ-\rJ
G3-G4
G4-F28
H1-G1

Pipe
Number
1516ti
15176
15175
15178
15179
14999
14940
14998
14996
14939
14936
15160
15143
1 5295
14816
14817
14819
14820
14821
14822
15161
15162
14938
14937
15163
15164
15165
1 5656
14418
14320
16812
16813
1{ t31
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Required Pipe
Diameter,

lnches
Capacity Of

New Pipe, MGD

12 1.4374

1.6354

1.8918
3.4943

12

10
12

10 1.7422

Existing Pipe
Diameter,

Inches

Capacity Of
Existing Pipe,

MGD

8
8
8
8
8
8
I
8
12
8
8
B

8
8
8
8
8
8
8
I
8
8
I
8
8
8
8
B

I
8
8
8
8

1.2144
1.3787
1.2206
0.8916
0.8651
1.0804
0.5706
0.4241
4.1295
0.4727
2.0048
0.5378
2.1477
1.0224
0.6337
1.9401
1.4352
1 .5419
0.5729
2.4319
1.5639
0.8939
1.1160
0.7847
0.8653
2.4325
0.6946
1.3006
1.9002
0.8722
1.3547
0.6994
0.7141

Manning's
n

u.ui 25
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.c125
0.0125
0;0125
0.0'125
0.0125
0.a125
0.0125
0.0i25
0.0125
0.0125
0.0125
0.0125
0.0125
c.0125
0.0125
0.0125
0.0i25
0.0125

Ultimate Peak
Hour Flow,

MGD
Slope,

fuft

0.3152
0.3092
0.3012
0.2952
0.2912
0.2882
0.2712
0.2722
1.8711
1.2799
1.2729
1.2719
1.2689
1.2589
1.8691
1.2489
1.2449
0.8120
0.8070
0,3682
0.7890
0.7860
0.7840
0.7810
0.7660
0.3682
0.6740
0.6630
0.6630
0.2260
0.3410
0.3270
0.31 10

0.0192
0.0248
0.0194
0.0104
0.0098
0.0152
0.0042
0.0023
0.0256
0.0029
0.0524
0.0038
0.0601
0.0136
0.0052
0.0490
0.0268
0.0310
0.0043
0.0771
0.0319
0.0104
0.0162
0.0080
0.0098
o.otzl
0.0063
0.0220
0.0470
0.0099
0.0239
0.0064
0.0066

IJIS MH
To

D/S MH

t11 1-H1U
H12-H11
H13-H12
H14-H13
H15-H14
H16-H15
H17-H16
H18-H18A
H18A-H17
Hz-H1
H25-H3
H26-H25
H27-H26
H28-H27
H29-H28
H3-H2
H30-H29
H31-H30
H32-H31
H33-H32
H4-H3
H44-H33
H45-H44
H46-H45
H47-H46
H48-H47
H5.H4
H52-H48
H52A-H53
F{53-H52
F.t55-H52A
H56A-H55
H56B-H564
H56H:H56B

Pipe
Number

1444t
14448
14458
14459
14460
14461
14463
1 6695
16696
14434
14467
14468
14469
14317
14471
14361
14474
14477
14479
14480
1.4439

14481
14315
14493
14494
14495
14440
14500
14503
14502
'i4504

14356
i434.0
14339
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Diameter,
lnches

Capacity Of
New Pipe, MG

10

10

1.3524
1.0497

10 1.3359

12 1.2720

o pe
Diameter,

lnches
Existing Pipe,

MGD

8
8

8
I
8

B

B

B

8
8
8
8
8
8
B

8

B

8

8

8
I
12
12
12
12

10

10

10
10

10

10
'10

10

0.5834
0.6365
0.6398
0.6056
1.8370
2.0588
2.0268
1.2837
0.7256
0.6892
0.5703
0.7072
0.6351
1.3142
0.6720
1.5986
0.7309
0.5673
1.1779
0.7220
1.3443
1.0831
1.2427
1.3492
1.7202
0.9220
2.4578
1.2529
0.8557
0.9498
0.9858
0.7584
0.9520

Slope, Manning's
fvft n

0.0044
0.0053
0.0053
0.0048
0.0440
0.0552
0.0535
0.0215
0.0069
0.0062
0.0042
0.0065
0.0053
0.0225
0.0059
0.0333
0.0070
0.0042
0.0181
0.0068
0.023s
0.0018
0.0023
0.0027
0.0044
0.0034
0.0239
0.0062
0.0029
0.0036
0.0039
0.0023
0.0036

0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
4.u25
0.0125
0.0i25
0.0125
0.0125
0 0125
0.0125
0.0125

To Hour Flow,
MGDMH

H56J-H56H
H56K-H56J
H56P.H56K
H56Q-H56P
H6-H5
H7-H6

0.3070
0.2910
0.2710
0.2690
0.3602
0.3602
0.3482
0.1812
0.1802
0.1732
0.1712
0.1662
0.1472
0.3432
0.1412
0.1962
1.0061
0.9601
0.9591
0.9571
0.9521
0.9471
0.9441
0.9391
0.9371
0.8611
0.8601
0.8601
0.8561
0.8371
0.8361
0.8301
0.820i

H9B

-H86

H

H

P

P

P

P

89-H88
9-H8
90-HB9
gB-H18

1-A4
15-P4
16-P15
17-P16
18-P17
19-P18

9
0
3

5-P24

7-P26
7

P28
P30-P29
P31-P30
P32-P31

Pipe
Number

1

17742
17743
17744
14441
14442
14444
14466
1 7065
17064
17040
15215
15217
14445
14518
14465
15416
1 5496
15497
14298
1 5498
1 6558
1 6557
15542
1 5503
1 5504
1 5505
15131
1 5506
16434
1 5507
1 5508
1 5509
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Capacity Of
New Pipe, MGD

0.87'10

'1 .01 98

Requrred Ptpe
Diameter,

lnches

10

10

pe a

Manning's
n

Diameter,
lnches

Existing Pipe,
MGD

0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125
0.0125

10
10
I
10
'10

10
'10

8
10
10

0.7569
1.0481
0.4707
1.7259
1.7270
0.9786
0.8052
0.5511
0.9491
0.9027

Slope,
fttft

0.0023
0.0044
0.0029
0.0'1 '18

0.01 1B

0.0038
0.0026
0.0040
0.0036
0.0032

ultrmate PeaK
Hour Flow,

MGD

0.8161
0.81'11
0.8111
0.8001
0.7931
0.7751
0.7681
1.0051
0.3131
0.3121

U/S MH
To

D/S MH

15510
15511
15512
15513
15518
15519
1 5520
1 5485
15521
15522

5-P34
6-P35
7-P36

7
P38

P4-P1
P40-P39
P41-P40

Pipe
Number

Capacity Of
New Pipe, MGD

Check Slope

3.4561

Check

3.8370
4.1114

2.2912
3.3779

Check Slope
3.7779
2.5437
1.9091
3.9313
3.3509

pe

21

eCheck

21

24

Diameter,
lnches

Existing Pipe,
MGD

kxlstrng Prpe
Diameter,

lnches

18
18
18

18
18

1B

1B

1B

18

Manning's
n

0.0125
0.0125
0.0125
0.0125
c.0125
0.0i 25
4.u25
0.0'125
0.0125

0.0009
0.0020
-0.0003
0.0025
0,0011
0.0006
o.aa27
0.0019
-0.0021

3.0760
3.0760
3.1060
3.1440
3.1460
3.i48G
3.2490
3.2510
3.4390

To
D/S MH

Hour Flow,
MGD fUft

Slope,

A1B-A17
A17-485
A85-A16
A16-415
415-414
Ai.4-A87
AB7-A13
A13-A124
A12A-p.12

3.12 MGD to account for the flows diverted from the courseese flows have been reduced
Course

1 5064
15063
1 5065
15283
14714
i4713
14712
14711
14707

Pipe
Number
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