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Executive Summary

Introduction
This report updates the City of Tualatin sanitary sewer master plan, which was most
recently revised in 1984. The goals of the plan are as follows:

•  Further develop the planning done by Clean Water Services (CWS, formerly Unified
Sewerage Agency) for the Tualatin area as part of its county-wide planning effort in the
2000 Sanitary Sewer System Master Plan Update. Refine the evaluation, focus on Tualatin,
and address the City’s specific planning projections

•  Evaluate and recommend current and future infrastructure needs to allow the sewer
system to keep up with growth, and provide planning level costs

•  Control and eliminate sanitary sewer overflows (SSOs) such as basement flooding to the
extent possible

•  Protect public health

•  Protect water quality of neighborhood creeks, ponds, and the Tualatin River

•  Address regulatory requirements

•  Develop a plan that will result in cost-effective sewer service that meets the demands of
residential, commercial, and industrial customers

Planning Projections
To plan for future conditions in 2005 and 2010, planning projections were developed
regarding population growth and land use patterns in the Tualatin area. These were used
with available potable water usage data to estimate future wastewater flow patterns and
volumes. Based on recent growth trends and City of Tualatin projections of the growth rates
and potential future service areas joining the existing collection system, four urban reserve
areas were added to the service area for the 2010 planning scenario. Projections also
accounted for the effects of residential, commercial, and industrial developments planned
for the area. The CWS 2040 (build-out) scenario was also reviewed and its improvement
recommendations incorporated in locations where land use assumptions were consistent
with City of Tualatin projections. The CWS plan was completed with a different level of
detail and some different assumptions about the rate and location of growth in Tualatin,
including ultimate population growth and density.

Infiltration and storm-related inflow (I /I) were estimated for existing developments using
CWS monitoring data collected in the Tualatin area. New developments were assumed to
contribute 300 gallons per acre per day (gpad) of infiltration flow, and approximately
1.1 percent of total design storm precipitation entering the sanitary sewer system as storm-
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related inflow during an event. This corresponds to just over 4000 gpad peak I/I flow for
new developments.

City of Tualatin sewage is treated at the Durham Advanced Wastewater Treatment Plant
(WWTP), which is owned and operated by CWS. The National Pollutant Discharge
Elimination System (NPDES) permit for the plant requires CWS, and consequently the City
of Tualatin and other member cities, to prohibit SSOs for wet-weather conditions up to and
including the 5-year return interval, 24-hour duration winter storm event. (A 5-year return
interval means there is a 20 percent chance that a storm of equal or greater intensity will
occur during any given year.)

According to NPDES guidelines, the dry-weather 10-year event must also be evaluated. In
the Willamette Valley, however, the 5-year storm that includes groundwater infiltration
(wet weather) flows is more restrictive and is therefore used in this case. This storm event
was modeled by statistically analyzing historical rainfall patterns in the area.

The resulting design storm has a maximum intensity of 0.51 inches/hour, total precipitation
of 3.05 inches, and 24-hour average intensity of 0.13 inches/hour. The resulting sewer
infiltration and inflow characteristics were determined by CWS based on historical data
collected around the Tualatin area 1990-1999 for similar winter storm events.

Hydraulic Modeling of Sewer System
Computer modeling was conducted to simulate the hydraulic interactions that occur under
a variety of scenarios within the City’s collection system network. The modeled collection
system, which is illustrated in Figure ES-1, included over 83 miles of various-diameter
pipeline, nine lift stations, and more than 2,000 separate pipeline segments covering
approximately 7 square miles.

The hydraulic model was built and run to evaluate collection system performance under
2002 population and land use conditions and projected population and land use conditions
for years 2005 and 2010. The model was constructed using HYDRA Version 6.1 to be
consistent with the modeling CWS used to prepare its 2000 Sewer Master Plan Update.

To develop the Tualatin collection system model, CH2M HILL combined information from
the CWS hydraulic model of the Durham WWTP services area (developed in 2000) with
information from Tualatin’s collection system database, geographical information system
(GIS) maps, and as-built drawings. The CWS model primarily included pipes larger than 8
inches in diameter. Tualatin’s database contains all existing pipes within the area of the
regional urban growth boundary (UGB) served by Tualatin.

Sewer system capacity deficiencies were identified by comparing peak hydraulic grade lines
(HGLs) for each segment of the system with pipe slopes and ground surface elevations.
HGL refers to the elevation of the water surface within a pipeline. In analysis, this is
compared to other elevations such as the ground surface elevation or the floor of a
basement. If, for example, pressure in the pipeline raises the water elevation to the ground
surface elevation, then it could possibly cause an SSO.
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HGL deficiencies were categorized according to the method used by CWS (2000 Sanitary
Sewer Master Plan Update). If the modeled HGLs fit one of the five categories shown in
Table ES-1, and the peak flows exceeded the maximum allowable capacity of the pipes, then
sewer system improvements were recommended. As shown in Table ES-1, the five
categories are ranked by priority based on how high the HGL rises and the significance of
the HGL increase. Significant increase in HGL is defined as a condition where the slope of
the HGL is greater than five times the physical pipe slope.

Multiple model runs were performed to identify locations where system capacity does not
meet the HGL criteria described above.

TABLE ES-1
Capacity Deficiency Rankings that Qualify for Improvement
Based on Analysis of Peak Hydraulic Grade Lines (HGLs)

Priority
CWS Deficiency

Category Description HGL Freeboarda

1 LS HGL rises above ground with significant HGL increase
(HGL elevation > ground elevation)

Less than zero feet
(above ground surface)

2 LH HGL rises above ground
(HGL elevation > ground elevation)

Less than zero feet
(above ground surface)

3 HS High HGL with significant HGL increaseb Between 0 and 3 feet

4 HH High HGL Between 0 and 3 feet

5 IS Intermediate HGL with significant HGL increase Between 3 and 10 feet
aDifference in elevation between ground surface and hydraulic grade line.
bSignificant increase is defined as HGL slope greater than 5 times pipe grade.
Source: CWS 2000 Sanitary Sewer Master Plan Update.

Deficiencies were assessed based on three population and development levels and the
5-year, 24-hour design storm condition:

•  2002 estimated population of 24,352
•  2005 estimated population of 25,787
•  2010 estimated population of 29,500

Recommended Improvements
The recommended pipeline replacements were evaluated using CWS sewer design criteria.
Improvement alternatives were compared with known capital improvement projects—such
as those planned by CWS—for compatibility in design and construction sequencing. Other
factors considered in evaluating the projects included coordinating scheduling to coincide
with road construction in the area, construction constraints, physical access, easement and
right-of-way availability, traffic considerations, land-use compatibility, and permitting.

In addition to the projects identified by the updated Tualatin hydraulic model, City staff
identified other locations that require maintenance or replacement because of degradation
and aging of the system. City staff identified one specific location where I/I contributions
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are significantly larger than the system as a whole, the Bluff/Cipole Trunk line. Although
typically such a line would be evaluated for rehabilitation instead of replacement, this area
also is the focal point for new development within the City, requiring capacity
improvements. Without more detailed monitoring, it is not feasible to identify additional
potential locations for effective rehabilitation as an alternative to replacement.

The recommended improvements are listed in Table ES-2 with proposed construction years
and order-of-magnitude cost estimates. The estimates are for costs to the City of Tualatin
only; they do not include costs that CWS will share for some of the projects. The projects are
listed according to the HGL-based priorities described above in Table ES-1, with greatest
risk of an SSO event listed first. Existing deficiencies resulted in six capital improvement
projects. Projected future deficiencies resulted in five more projects. The project locations are
illustrated in Figure ES-2.

The first two projects listed, Bluff/Cipole and Boones Ferry Road, are the only two
recommended projects that contain sections of pipe where an SSO is predicted to occur for
the design storm under current system and land use conditions. In Table ES-2, the column
“Meets Criteria” indicates the planning year for which the computer model predicts some
portion of the project area meets one of the five criteria listed in Table ES-1. Although CWS
recommends improvement of a sewer line that meets any of the five criteria, each category
represents a level of probability (not a prediction) that an SSO will occur during a large
(greater than 5-year) storm event based on computer modeling simulations. Improvements
were phased based on deficiency severity as defined by the priorities shown in Table ES-1.

Given that funding may not be available to address all needed improvements immediately,
the ranking criteria provides a tool for evaluating which projects should be addressed first.
The “Proposed Construction Year” is an estimate, taking construction and funding issues
into account, to recommend when each project could reasonably be constructed. This
estimate was needed to determine capital cost requirements year-by-year to construct the
financial planning model discussed below.

Financial Plan
The potential financial impacts of the recommended capital improvement projects were
evaluated. Based on a preliminary review of City of Tualatin sewer utility finances, it was
estimated that the increased capital expenditures for the recommended improvement
projects listed in Table ES-2 will cause revenue shortfalls. To meet these shortfalls, it is
assumed the City will need to explore additional revenue sources, such as revenue bonds or
increased sewer rates. The specific requirements will be determined by a cost of service rate
study.

The City may also wish to review sewer rates and system development charges with CWS
on a consistent basis to ensure operating revenues are sufficient to cover operating expenses,
future capital projects, and outstanding debt service.

Additionally, ongoing rehabilitation and replacement projects to repair structural
deficiencies as they develop should be considered for inclusion in capital budget planning.
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TABLE ES-2
City of Tualatin Sewer System Capital Improvement Project Cost Estimates
(includes costs to City of Tualatin; does not include CWS cost share) 

Qualifies for
Improvementa

CWS
Deficiency
Categoryb

Proposed
Construction

Yearc Summary Description of Projectsd Total Cost

2002 LS 2003 Bluff/Cipole Trunk Line: Increase existing 18–
24” line to 36–42” line

$153,000

LH 2003 Boones Ferry Road Line: Increase existing
8–12” line to 12–15” linee

$330,000

HS 2004 65th Avenue Lateral Line: Increase existing
8” line to 18” line

$31,000

HH 2005 Lower Tualatin Interceptor: Increase existing
30” line to 48” line

NAf

HH 2004 Nyberg Trunk Line: Increase existing 18” line
to 24–30” line

$1,624,000

IS 2003 Boones Ferry Road Lateral: Increase of
existing 8” line to 10” line

$42,000

2005 — 2005 SW Killarney Lane Septic System
Replacement: Replace existing septic
systems with new sanitary collection system
and service lateralsg

$450,000

2010 LS 2008 Bluff/Cipole Lateral: Increase of existing 12–
21” line to 18–36” line

$391,000

— 2010 Extension of Tualatin-Sherwood Trunk Line
to URAs, 24” new lineh

$1,406,000

— 2006 Tualatin River Crossing Siphon NAf

IS 2009 SW 103rd Avenue: Increase existing 8” line to
10–12” line

$45,000

Total $4,472,000
a Qualifies for improvement for the modeling scenarios developed for the 2002, 2005, and 2010 planning
years. Based on hydraulic modeling for the 5-year 24-hour storm and CWS HGL criteria. Year 2002
represents existing population and land use conditions.
b Categories are explained in Table ES-1.
c Proposed construction years were developed based on the HGL priority ranking of the project and other
factors such as logistics, magnitude of the project, and coordination with other projects. These are estimates
only to use for financial planning.
d Projects are listed in order of highest to lowest priority ranking.
e Approximately 80 percent of flow during design event in portion of line requiring improvements originates in
City of Durham.
f Not applicable. CWS is responsible for this project, although City may elect to accelerate schedule and split
cost.
g Not related to HGL criteria analysis.
h Needed to serve projected growth in Urban Reserve Areas (URAs).
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SECTION 1

Introduction

1.1 Purpose
This report updates the City of Tualatin sanitary sewer master plan, which was most
recently revised in 1984. The goals of the plan are as follows:

•  Further develop the planning done by Clean Water Services (CWS, formerly Unified
Sewerage Agency) for the Tualatin area as part of its county-wide planning effort in the
2000 Sanitary Sewer System Master Plan Update. Refine the evaluation, focus on Tualatin,
and address the City’s specific planning projections.

•  Evaluate and recommend current and future infrastructure needs to allow the sewer
system to keep up with growth, and provide planning level costs

•  Protect public health

•  Protect water quality of neighborhood creeks, ponds, and the Tualatin River

•  Address regulatory requirements

•  Develop a plan that will result in cost-effective sewer service that meets the demands of
residential, commercial, and industrial customers

1.2 Approach
This sewer master plan was developed in the following steps:

1. Review existing information: CWS hydraulic model of the Durham basin (which
encompasses the Tualatin system), previous planning reports, as-built construction
drawings of the City of Tualatin sewer system, geographical information system (GIS)
mapping, and sewer system databases.

2. Develop land use, wastewater generation, and service area parameters. Use 5-year, 24-
hour design storm as specified by the CWS National Pollutant Discharge Elimination
System (NPDES) permit for wet weather peak flow rates. Evaluate regulatory issues.

3. Using the planning projections developed in the previous step, construct a new
hydraulic model for the City of Tualatin collection system. Develop the model using
parcels (tax lots) as the fundamental areal unit. Combine information from CWS and
City of Tualatin data sources.

4. Run the model to simulate wastewater flows for population and land use conditions in
planning years 2002, 2005, and 2010. Using CWS hydraulic grade line (HGL) criteria,
identify sewer system deficiencies. Rank the deficiencies by priority.
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5. Develop improvements to remedy the identified deficiencies. Model the improvements
to confirm that they will limit SSOs and meet selected performance criteria. Develop cost
estimates for them and evaluate their benefits.

6. Develop capital projects implementation plan. Evaluate financial impacts, schedule the
projects to correspond with yearly budgets, and identify potential funding sources.

These steps are briefly described in this report with findings and recommendations. For
more detailed information, refer to the technical memoranda in Appendices A through G.
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SECTION 2

Planning Projections

2.1 Planning Area
The City of Tualatin collection system serves most of the area within Metro’s urban growth
boundary (UGB). As shown on Figure 2-1, the Tualatin collection system is located in the
southern portion of the Durham Advanced Wastewater Treatment Plant (WWTP) service
area. The collection systems north of Tualatin are owned and operated by Clean Water
Services (CWS).

This master plan addresses collection system services within the City of Tualatin boundary
and other areas that planning documents indicate may be served by the City in the future.
These new areas include portions of the area within the Metropolitan Service District
(Metro) UGB and urban reserve areas shown in Figure 2-1 that are currently being evaluated
for inclusion within the UGB.

2.2 Existing Collection System
The existing City of Tualatin wastewater collection system consists of more than 83 miles of
pipeline in an approximately 7-square-mile area. The system serves about 9,800 residences.
Table 2-1 shows an inventory of modeled collection system pipes.

TABLE 2-1
Modeled Collection System Pipe Inventory

Pipe Diameter (inches) Total Length (Linear Feet) Number of Pipes
4a 3,068 5
6a 5,187 7
8 325,848 1,638

10 39,141 162
12 13,671 71
14 335 1
15 8,455 25
18 10,858 34
21b 8,457 28
24b 4,430 12
27b 4,915 17
30b 5,080 19
36b 4,814 19
42b 6,417 12

a Only includes pressure pipe. No gravity lines smaller than 8-inch diameter were included in the model.
b Pipes 21 to 42 inches in diameter are owned and maintained by CWS.

The system is in generally good condition. The City experienced rapid growth in the 1980s
and 1990s, and much of the collection system was constructed in anticipation of, and
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response to, that growth. Portions of the system are much older, dating from the 1950s and
1960s and earlier. For some of the older lines accurate as-built construction drawings were
not available. The City’s network of collection system pipelines (8-inch diameter and
greater) is shown in Figure 2-2. This information was used in the development of planning
projections.

2.3 Population
This plan uses City of Tualatin population estimates developed by the Population Research
Center at Portland State University for 2001. Populations for 2005 and 2010 were projected
for this plan from City Staff estimates or by applying the maximum allowable densities for
the zoning designations of planned developments. Zoning designations were determined
from the current City Zoning Map. Estimated residential populations are shown in
Table 2-2.

TABLE 2-2
City of Tualatin Population Estimates and Projections

Planning Year Population

2002 24,352a

2005 25,787b

2010 29,500a

2040 (Build-out)c 68,715
a City of Tualatin estimate
b Based on density and land use of expected developments
c CWS 2000 Sewer Master Plan Update, data based on full re-
densification of City of Tualatin Service Area within existing UGB,
including portions of Tualatin-Sherwood, Tigard Sand and Gravel,
and Stafford URAs.

2.4 Land Use
To better evaluate impacts created by individual developments, land use information was
collected and developed by tax lot (parcel). Typically, land use is evaluated using larger
units of area such as census block groups or designated zoning areas. Looking more closely
at land uses on individual parcels, however, makes it possible to simulate sanitary sewer
system flows more accurately at the neighborhood level of detail and identify local
collection system deficiencies.

Parcel information was collected from the Metro Regional Land Information System (RLIS)
database, along with other geographic information, such as the Tualatin City boundary and
the Metro UGB. Current land use information was developed from zoning designations in
the RLIS database and assigned to each parcel. The City’s tax lot database was also
referenced. The current land use designations of the planning area are shown in Figure 2-3.
The distribution of general zoning categories by percentage is graphed in Figure 2-4.
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Future land uses were projected for 2005 and 2010 based on the City’s planning information
regarding residential, commercial, and industrial developments. These developments are
listed in the Wastewater Generation section below.

For build-out conditions, with full re-densification of the entire area within the Tualatin
UGB, this plan relies on the build-out scenario developed for the CWS 2000 Sewer Master
Plan Update. The long-range forecasts developed in the CWS plan were used to evaluate
“ultimate” conditions for sizing requirements and system capacity limits. In general, the
assumptions and methods used by CWS are comparable to those used for this master plan.

2.4.1 Urban Reserve Areas
Based on recent trends and City of Tualatin projections of the growth rates and locations of
developments that may connect to the existing collection system, four urban reserve areas
were added to the service area for the 2010 planning scenario as summarized in Table 2-3.
Areas are also shown in Figure 2-5.

TABLE 2-3
Urban Reserve Area Land Use Characteristics

Reserve Area Area (acres)
% Commercial or

Industrial % Residential

Stafford Triangle 623 90 10

Tualatin – Wilsonville Buffer 514 50 50

Tualatin – Sherwood 245 100 0

Tigard Sand and Gravel 238 100 0
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2.4.2 Other Jurisdictions
Sanitary sewer flows were taken directly from the CWS 2000 Sanitary Sewer Master Plan
Update for the City of Sherwood, other lateral lines to the Upper Tualatin Interceptor
(including the Summerfield Trunk and the Durham Drive Lateral), and for Beaverton and
Tigard sanitary sewer flows carried in the Fanno Creek Interceptor. For the purposes of this
plan, the growth and density projections provided in the CWS plan were not re-evaluated.

City of Durham flows were developed by a different process. Parcels within the City of
Durham limits were divided into residential and commercial land use groups. Population
estimates from the Portland State University Population Center were used to determine
density and distribution of flows in the residential parcels. Standard commercial flow values
were applied to the remaining parcels.

2.5 Wastewater Generation
Sanitary sewer flow estimates were developed for current conditions and planning years
2005 and 2010. This included estimating and projecting diurnal flow patterns for residential,
commercial, and industrial areas. Additionally, the potential effects of infiltration and
inflow during a 5-year 24-hour design storm were calculated.

2.5.1 2002 Conditions
Planning year 2002 flows were estimated by identifying the land use zoning category of
each parcel based on Tualatin land use zoning maps, and assigning the associated diurnal
sanitary flow pattern to each. The zoning designations and associated diurnal curves
reported in the CWS 2000 Sanitary Sewer System Master Plan Update were used in this
analysis.

Sanitary flow volumes for the parcels were determined based on typical monthly water
usage billing records. Lacking other information, such as consumptive use data, it was
assumed that all of the water delivered to a parcel returned directly through the sanitary
sewer system. Using this conservative approach, water billing data were collected for
December 2001 and January 2002 to minimize the potentially unaccounted effects of
irrigation and other consumptive uses on the estimate of sanitary flows. In reality, only 90 to
95 percent of the billed water would probably return to the collection system, but this
difference in volume is overshadowed by the larger impacts of infiltration and inflow (I/I)
from the 5-year 24-hour storm.

Residential flow volumes were calculated by totaling the flow volumes for all residential
parcels and dividing that total volume by the most recent population estimate for the City of
Tualatin. This resulted in an estimated residential water use of 81 gallons per capita per day
(gpcd). This value was used for all planning years for parcels currently zoned residential
and developed. New residential development flows were calculated from 100 gpcd, based
on current City of Tualatin development code requirements.
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The total use per day for each parcel was divided by the per capita use to estimate the
distribution of population by parcel. These estimates of population per parcel were used in
the sanitary sewer hydraulic modeling discussed in Section 3 of this report. They are
artificial values, intended to satisfy model requirements, and should not be compared to
zoning or density data.

Commercial flows were estimated in total gallons per day. The total monthly volume for
each commercial or industrial parcel, from the collected water billing data, was divided by
the average number of days in December and January, the months in which the data were
collected. The resulting daily flow rate for each parcel was input directly into the hydraulic
model.

Diurnal Flow Patterns
Sanitary flows are usually assumed to follow a repeating, 24-hour pattern, called a diurnal
flow pattern. The most prominent influence on a diurnal flow pattern is land use.

Residential use tends to create two peaks: one in the morning and one in the evening.
Commercial and industrial patterns tend to be relatively constant during business hours
and very low at other times of day. This evaluation used the values developed for the CWS
area in Collection System Needs Analysis Report (HDR Engineering, 1995). Figure 2-6 shows
the flow curves that were used by CWS. Four types of curves are shown. These are defined
in Table 2-4. The diurnal curves are based on monitoring data and reflect the same general
pattern as textbook methods, but specific hourly distributions are substantiated by the
measurements taken in the CWS area.

TABLE 2-4
Diurnal Curve Category Definitions

Parameter Type 1 Type 2 Type 3 Type 4

Weekday Peak
Occurrence Time

6:00 a.m. to
8:00 a.m.

6:00 a.m. to
8:00 a.m.

6:00 a.m. to
8:00 a.m.

9:00 a.m. to
11:00 a.m.

Weekday Peak 1.75 to 2.2 1.50 to 1.75 1.25 to 1.50 1.10 to 1.50

SFR/MFR >2 >2 <2 NA

RES/COM 2–20 >20 2–20 <2

IND/COM <3 <3 <3 <3

IND/acre <1 <1 <1 >1

Other
Characteristics

Low early morning
and mid-afternoon

lows

Medium early
morning and mid-

afternoon lows

Medium early
morning and mid-

afternoon lows

High early morning
low and almost no
mid-afternoon low

IND/acre = ratio of industrial development per acre, IND/COM = ratio of industrial to commercial development,
NA = not applicable, RES/COM = ratio of residential dwellings to commercial development, SFR/MFR = ratio of
single family residential to multi-family residential

For this analysis, the Type 2 curve was used for single family residential (SFR) and rural
zoning. Type 3 was used for multi-family residential parcels (MFR) and Type 4 was used for
commercial or industrially zoned parcels (COM or IND). Although each parcel meets
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criteria for application of the developed diurnal curve types, parcel-based flows would be
expected, in theory, to have a “pure” curve rather than a curve based on mixed-use
monitoring data. It was assumed that the Type 2 and Type 3 curves were developed based
on nearly single land use service areas. Although the Type 4 curve was developed from
monitoring data including some residential flows, further evaluation shows that this hybrid
curve should behave conservatively even when applied to individual parcels with a single
land use. The empirical curves are believed to be at least as accurate for commercial and
industrial sources as a textbook approach would be, and using curves developed and used
by CWS maintains consistency with the rest of the Metro planning area.

Wet Industry Flows
Certain industrial sites in the City of Tualatin currently produce or are expected to produce
large quantities of wastewater flow. These sites may significantly affect the performance of
the collection system as a whole, and often do not follow standard diurnal flow patterns.
Table 2-5 lists the largest flow producers and the source of diurnal curve information for
each, as well as daily permitted volume if available. These were used in the planning
projections. For the purpose of this study it was assumed that water use translated directly
to sewer flow.

Other Jurisdictions
Flows from the City of Durham were based on a population of 1,391, with 556 lots divided
85 percent residential and 15 percent commercial. Sanitary flows totaled approximately
139,000 gpd. Total sanitary, industrial, and wet weather infiltration flows totaled 294,000
gpd. Peak storm event flows totaled 989 gallons per minute (gpm), or approximately
2.2 cubic feet per second (cfs).

TABLE 2-5
Wet Industry Contributors

Industry Name
Diurnal Curve

Source
Wastewater Flow

(gpd)a

Novellusb Standard Industrial 1,538,000

Fujimi 2000 CWS MP 263,217

Pacific Foods 2000 CWS MP 80,445

Pacific Nutritional
Foods

2000 CWS MP 100,728

Meridian Park
Hospital

Standard Industrial 56,000

ACI Glass 2000 CWS MP 16,800

G & K Services 2000 CWS MP 12,750
aBased on 2002 water usage volumes or build-out permitted volume,
whichever was larger. For the purposes of this study, it was assumed that
water usage translated directly to wastewater flow.
bCapacity will be phased in over several years, reaching maximum. 
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2.5.2 2005 Conditions
Several new development projects are expected to occur within the service area by 2005 and
to contribute additional wastewater flows to the collection system. These are shown in
Figure 2-5 and listed in Table 2-6 with preliminary information about land use, area,
population, and estimated wastewater flows.

City of Tualatin Development Code guidelines were used to calculate estimated sanitary
flow contribution from each development. The sanitary flow for residential areas was
assumed to be 100 gallons gpcd. For commercial and industrial developments, it was
assumed to be 1,150 gallons per acre per day (gpad). Single family residential density was
assumed to be 2.5 persons/development unit. Multi-family residential density was 2
persons/development unit. From these values, an average daily flow contribution was
calculated for each development.

TABLE 2-6 
2005 Anticipated Developments

Development Type Unit Quantity Area (ac)
Total

Persons
Average Daily

Flow (gpd)

Wood Ridge Apts MFR Apartment 264 10.66 528 52,800

Linden Terrace Subdivision SFR Lot 11 2.14 28 2,750

Panattoni IND SF 300,000 23.66 N/A 27,209

Franklin Business Park IND SF 60,500 4.88 N/A 5,612

Lake Forest North
Subdivision

SFR Lot 36 7.43 90 9,000

Lake Forest East & Lake
Ridge Terrace

SFR Lot 43 8.74 108 10,750

Eaton Subdivision SFR Lot 25 4.96 63 6,250

Lake Forest II SFR Lot 52 9.67 130 13,000

McReynolds Subdivision SFR Lot 50 9.62 125 12,500

Jomar Bluff Subdivision SFR Lot 16 8.35 40 4,000

Hedges Estates Subdivision SFR Lot 36 9.01 90 9,000

Applebees COM NA NA 0.88 NA 1,012

Aspen Place COM NA NA 0.67 NA 771

Bridgeport Village COM NA NA 20.23 NA 23,265

Larsen Subdivision SFR Lot 93 30.37 233 23,250

Poly Concepts IND SF 5000 5.00 NA 5,750

Tualatin Business West IND SF 80000 13.66 NA 15,709
COM = commercial, IND = industrial, MFR = multi-family residence, NA = not applicable, SF = square feet,
SFR = single family residence.
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2.5.3 2010 Conditions
After 2005, several more new development projects are planned to occur by 2010. These are
listed in Table 2-7 with preliminary estimates of their future wastewater flow contributions.
The projected growth areas are shown in Figure 2-5.

TABLE 2-7
2010 Anticipated Developments

Development Type Unit Quantity Area (ac)
Total

Persons
Average Daily

Flow (gpd)

General Manufacturing IND SF (50% FAR) 839,837 38.56 NA 44,344

Stafford Area (URA 34)a,b COM/SFR SF/Lots NA/136 623.25 340 585,600

Tigard Sand and Gravel
(URA)b

IND SF (50% FAR) 5,623,378 258.19 NA 549,821

Tualatin Wilsonville
Buffer (URA)b

50% COM,
50% RES

SF/Units 5,596,915/
938

513.95 2,333 858,816

Tualatin/Sherwood
(URA)b

COM-IND SF (50% FAR) 5,333,269 244.87 NA 521,456

Hard Rock Village MFR Units 495 23.37 1,040 104,000

Leveton Commons IND SF (50% FAR) NA 105.53 NA 121,360

Franklin Business Park IND SF (50% FAR) NA 32.23 NA 37,065
aContributing flows taken from CH2M HILL Technical Memorandum, “Urban Reserve Growth Area 34-
Wastewater System Development,” dated May 18, 2000.
bIncludes infiltration of 300 gallons per day per acre. Area includes URA and areas with UGB.
COM = commercial, IND = industrial, MFR = manufacturing, NA = not applicable, RES = residential,
SF = square feet, SFR = single-family residential 

2.5.4 Infiltration and Inflow
Approach
I/I is a major component of peak wet weather flow. I/I was estimated for this study based
on the methodology established by CWS in the 2000 Sewer Master Plan Update.

The approach used for this evaluation did not simply apply a peaking factor to dry weather
flows to produce wet weather flows. Instead, a portion of the 5-year, 24-hour storm was
routed through the service area and added to the average-day diurnal sanitary flows and
base infiltration flows developed from monitoring data.

CWS collected flow data at several locations and used it for the 2000 Sewer Master Plan
Update to develop the following parameters for each service area:

•  Average wet weather infiltration rate in gallons per day.

•  Equivalent impervious area for each service area that generates stormwater entering the
system as storm-related inflow.

•  Lag time in hours from the beginning of rainfall to beginning evidence of storm-related
infiltration in the collection system.
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•  Lag time in hours between maximum rainfall intensity and maximum rapid infiltration
response.

•  Time from the ending of the storm to the end of the infiltration response.

The Tualatin sewer system was assumed to be fully separated between storm and sanitary
flows. Therefore, direct runoff calculations were not included. This is consistent with the
CWS approach. This study relied on the monitoring and data analysis CWS performed to
develop the parameters for the Tualatin model. For more details about how the parameters
were developed, refer to Appendix B—Development of Land Use, Wastewater Generation,
and Service Area Parameters. Table 2-8 shows the impact of infiltration flows on the per-
formance of the collection system under current land use conditions. Based on monitoring
by CWS from 1990-1999, the impact of infiltration and storm-related inflow was relatively
small, with a wet weather flow/dry weather flow ratio of about one.

TABLE 2-8
Effects of Infiltration and Inflow on Design Flow at Selected Locations under Current Conditions (2002)

Location (node) Dry weather flow (cfs) Wet Weather flow (cfs) Ratio (WWF/DWF)

Lower Tualatin
Interceptor (2913)

9.18 7.46 0.81

Bluff/Cipole Trunk (3285) 4.61 4.09 0.89

Tualatin-Sherwood Trunk
(3329)

0.56 0.61 1.09

Nyberg Trunk (3570) 2.42 2.62 1.08

Design Storm Criteria
In accordance with its National Pollutant Discharge Elimination System (NPDES) permit for
the Durham Advanced WWTP, CWS must prohibit sanitary sewer overflows (SSOs) for wet
weather conditions up to and including the 5-year return interval, 24-hour duration winter
storm event. (A 5-year return interval means that the storm has a 20 percent chance of
occurring in any given year.) According to NPDES guidelines, the dry-weather 10-year
event must also be evaluated. In the Willamette Valley, however, the 5-year storm that
includes groundwater infiltration (wet weather) flows is more restrictive, and is therefore
used in this case. This storm event was modeled by statistically analyzing historical rainfall
patterns for the area. Figure 2-7 shows the synthetic 5-year, 24-hour storm event.

Overflows include flows bypassed at the treatment plant, overflows to streams, flooded
manholes, and basement backups. As a member jurisdiction under the CWS NPDES permit,
the City of Tualatin must meet the SSO control requirements of the permit.

For consistency, this study uses the same 5-year storm as was employed by CWS in the
development of the 2000 Sewer Master Plan Update. In brief, local monitoring data were
analyzed for historic rainfall events that roughly corresponded to a synthetic 5-year 24-hour
storm derived from regional National Oceanic and Atmospheric Administration (NOAA)
parameters. From this analysis, the I/I parameters for each service area were determined 
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Figure 2-7
5-Year 24-Hour Design Storm Hyetograph
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and applied in the model. Then the synthetic storm event was simulated by the model and
the results evaluated for SSOs and related capacity issues. The resulting design storm has a
maximum intensity of 0.51 inches/hour, total precipitation of 3.05 inches, and 24-hour
average intensity of 0.13 inches/hour.

There are two important points to consider. First, the CWS study assumes winter conditions
but no antecedent rainfall. For consistency, this approach has been used in this study as
well. Second, the I/I parameters used in the model are based on historic response to
approximately the 5-year event. This response will not be the same for a more-frequent or
less-frequent storm event. For this reason, using the constructed hydraulic model to
evaluate different storm events without reassessing the I/I parameters may not provide
satisfactory results.

2.5.5 Summary
Estimated dry-weather wastewater flows by general land use category are summarized for
planning years 2002, 2005, 2010 and 2040 in Figure 2-8. The plots show that industrial flows
will increase faster than residential flows at least through 2010. The 2040 estimate was
provided by CWS from the 2040 build-out model in the 2000 Sewer Master Plan Update.
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2.6 Regulatory Requirements
2.6.1 Current Regulations
The Oregon Department of Environmental Quality (DEQ) currently regulates SSOs in
coordination with NPDES permits and according to bacteria specifications of state water
quality regulations.

Specifically, DEQ requires that sanitary sewer collection systems do not discharge untreated
wastewater for storm events smaller than the 5-year, 24-hour duration recurrence interval
during the period November 1 through May 21, and, for events smaller than the 10-year,
24-hour duration storm event, during the period May 22 through October 31.

2.6.2 Regulatory Responsibilities
The City of Tualatin sanitary sewer system conveys sewage to the Durham WWTP for
treatment. The Durham WWTP is owned and operated by the county service district Clean
Water Services (CWS). As the NPDES permit holder, CWS is responsible for meeting the
requirements of that permit and current SSO regulations. The City of Tualatin is responsible
for regulatory requirements directly pertaining to its wastewater collection system, but
follows guidelines established by CWS, which serves as the lead agency.

2.6.3 Proposed Regulations
CWS is in the process of evaluating proposed new SSO regulations and preparing to
address the anticipated requirements. Release of the new regulations has been delayed for
more than a year. The new draft notice is expected to be published in the Federal Register in
spring 2003.

City of Tualatin staff met with CWS on August 23, 2002, to discuss the ramifications of SSO
and Capacity, Management, Operation, and Maintenance Plan (CMOM) regulations and to
identify sewer master planning tasks that should be undertaken to address these developing
regulations and to help CWS prepare for the renewal of its NPDES permit. The Tualatin
sewer master plan will address general capacity management issues, and use the 5-year, 24-
hour winter storm as the wastewater flow criteria, as has been done in previous plans, but
will not address the specific requirements of the new SSO rules or CMOM, currently under
development. However, it is expected that the work performed for this plan will address
much of the eventual capacity assessment and resulting improvement planning required by
the regulations. This approach will support future compliance when the rules and
responsibilities are clearly defined.
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SECTION 3

Hydraulic Modeling

Computer modeling was conducted to simulate the hydraulic interactions that occur under
a variety of scenarios within the City’s collection system network. With over 83 miles of
various-diameter pipeline, nine lift stations, and more than 2,000 separate links covering
approximately 7 square miles, the factors involved are numerous and complex.

Computer modeling provides the mechanism to assemble and manage diverse system data
and to quickly and systematically perform sequential, cumulative, and interrelated
hydraulic calculations several different times for different conditions and scenarios. The
calculations can be repeated easily with slight variations as new ideas and circumstances
arise.

Computer modeling made it possible to identify and categorize potential deficiencies in the
collection system for current and future wastewater flow conditions. This was done taking
into account wastewater volumes, daily flow patterns from different types of land use, and
the infiltration and inflow effects of local storms.

Using the model, the City can evaluate the effects of extended storm events in small time-
increments. The model provides the capability to simulate what would happen in the
system at different locations at any given time. The model is also used to evaluate the
effectiveness of proposed collection system improvements.

3.1 Approach
The hydraulic model was built and run to evaluate collection system performance under
2002, 2005, and 2010 population and land use conditions. Refer to Section 2 for a description
of the population, land use, wastewater flow patterns and volumes, infiltration and inflow,
and the 5-year 24-hour design storm that were used to build the model. A hyetograph of the
design storm is shown in Figure 2-7.

3.1.1 Combined CWS and Tualatin Data
To develop the Tualatin collection system model, CH2M HILL combined information from
the Clean Water Services (CWS) hydraulic model of the Durham Advanced Wastewater
Treatment Plant (WWTP) service area (developed in 2000) with information from Tualatin’s
collection system database, geographical information system (GIS) maps, and as-built
drawings. The CWS model primarily included pipes larger than 8 inches in diameter.
Tualatin’s database contained all existing pipes within the City’s sewer service area, and so
all pipes 8 inches or larger in diameter were modeled in the planning area.

The model was constructed using HYDRA Version 6.1 to be consistent with the software
that CWS used to prepare its 2000 Sewer Master Plan Update.
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3.1.2 Parcel Resolution
It was determined early in the development process that the basic geographical unit of the
model should be the parcel (tax lot). This finer level of resolution allows for evaluation of
impacts to the sanitary sewer system created by individual developments.

3.1.3 Accounting for Flows from Outside the UGB
The Tualatin model covers the City’s projected sewer service area, but in reality the
collection system extends beyond it at six locations. To account for the flows that would
arrive at these locations, the CWS model hydrographs for these nodes were input into the
Tualatin model.

3.1.4 Flow-Split Structures
Four flow-split manholes are represented in the updated model. Flow-split structures were
identified by reviewing as-built drawings. Manholes containing one inlet at a higher invert
elevation than two outlet pipes at lower invert elevations were considered flow-split
manholes. Several flow-split manholes were present in the CWS model. The data for those
manholes were confirmed with as-built information. (Note: The HYDRA model refers to any
flow split location as a diversion structure.)

3.1.5 Service Areas
Service areas, or sanitary sewer subbasins, represent finite areas within the model that drain
to a specified location. Service areas previously delineated in the CWS 2000 model were
determined to be too large for accurate hydraulic modeling of sanitary flow conditions
associated with future land development in Tualatin. Consequently, the previous service
areas were subdivided into smaller service areas. The new service areas are delineated in
Figure B-4 in Appendix B—Development of Land Use, Wastewater Generation, and Service
Area Parameters.

The extent of the new service areas was the regional UGB. Within the UGB, service areas
were created along tax lot boundaries. Service areas in residential areas typically included
ten to twenty lots. Service areas in commercial, industrial, agricultural, forested, and
undeveloped areas were typically larger.

All flow within a service area, generated from the land-use information, was input to one
location (a flow input node) in the collection system model.

3.1.6 Conceptual URA Pipeline Layout
Each of the new development areas has significant issues regarding conveyance of sewage
to the Durham WWTP. Each will require lift stations and significant force main lengths. A
pipeline layout that routes flows from each URA directly to the collection system was
evaluated by reviewing the capacities of existing system connections required to meet the
proposed additional flows and the potential construction impacts to existing residences.
Consequently, an alternative approach was developed, as illustrated in Figure 3-1. To avoid
construction impacts to residential areas, the conceptual pipeline layout collects and
combines sewage flows from the three westside URAs: Tualatin-Wilsonville Buffer, 
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Tualatin-Sherwood, and Tigard Sand and Gravel. The combined flows in this layout are
conveyed by a new lateral line (the Bluff/Cipole Lateral) that discharges into the
Bluff/Cipole Trunk line. An additional trunk line in Tualatin-Sherwood Road would also be
required at the time of development. The Stafford Triangle URA to the east injects flows into
the collection system separately. There are several advantages to this approach:

•  Both the physical location and full construction cost of these projects can be isolated to
the new developments, limiting impacts to current residents.

•  By combining the flows from these developments and injecting them into the existing
system at one location, the number of projects to improve existing facilities is limited.

•  Except for the lateral line, all the improvements to the existing Bluff/Cipole Trunk and
the Lower Tualatin Interceptor were needed to serve the projected growth within the
UGB. The only change is the incremental additional pipe capacity.

Each of these three URAs will likely require one or more lift stations. It is not anticipated
that this alternative will necessarily bring more lift stations into the system than would be
required with separate injection points for each development into the system.

3.1.7 Storm Routing
Total collection system flows were modeled to include sanitary flow derived from parcel-
based flow rates for industrial and residential users imposed on a diurnal curve, and 5-year
storm event responses with I/I contributions from each sanitary basin (service area). Peak
sanitary flows were combined with peak 5-year storm response flow to evaluate the
capacity of each pipe.

3.1.8 Prioritization Criteria
Sewer system capacity deficiencies were identified by comparing peak hydraulic grade lines
(HGLs) for each segment of the system with pipe slopes and ground surface elevations.
HGL refers to the elevation of the water surface within a pipeline. In analysis, this is
compared to other elevations such as the ground surface elevation or the floor of a
basement. If, for example, pressure in the pipeline raises the water elevation to the ground
surface elevation, then it could possibly cause an SSO. See the schematic of HGL categories
provided in Figure 3-2.

The deficiencies were categorized according to the method used by CWS (2000 Sanitary
Sewer Master Plan Update). If the modeled HGLs fit one of the five categories shown in
Table 3-1, and the peak flows exceeded the maximum allowable capacity of the pipes, then
sewer system improvements were recommended. As shown in Table 3-1, the five categories
are ranked by priority based on how high the HGL rises and the significance of the HGL
increase. Significant increase in HGL is defined as a condition where the slope of the HGL is
greater than five times the physical pipe slope.
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TABLE 3-1
Capacity Deficiency Rankings Based on Analysis of Peak Hydraulic Grade Lines (HGL)

Priority CWS
Deficiency
Category

Description HGL Freeboard* Improve?

1 LS HGL rises above ground with significant HGL
increase
(HGL elevation > ground elevation)

Less than zero feet
(above ground
surface)

Yes

2 LH HGL rises above ground
(HGL elevation > ground elevation)

Less than zero feet
(above ground
surface)

Yes

3 HS High HGL with significant HGL increase Between 0 and 3
feet

Yes

4 HH High HGL Between 0 and 3
feet

Yes

5 IS Intermediate HGL with significant HGL increase Between 3 and 10
feet

Yes

6 IH Intermediate HGL Between 3 and 10
feet

No

7 DS Deep HGL with significant HGL increase Greater than 10
feet

No

8 DH Deep HGL Greater than 10
feet

No

9 OK No surcharging HGL is within pipe
crown

No

*Difference in elevation between ground surface and hydraulic grade line.
Source: CWS 2000 Sanitary Sewer Master Plan Update.

3.1.9 New Development Design I/I
Per CWS methodology, new developments were assumed to include an I/I contribution of
300 gpad base infiltration flow. Using an equivalent impervious area approach (consistent
with HYDRA modeling techniques), and based on CWS monitoring and subsequent
evaluation, storm-related inflow was calculated as 1.13 percent of total storm volume, with a
peak inflow of 3,750 gpad for new developments in Tualatin. This results in a design I/I
peak flow of 4050 gpad and a 24-hour average of 1250 gpad. CWS criteria requires
allowance for 4000 gpad for new development.

3.1.10 Lift Stations, Siphons, Diversions, Force Mains, and New Development
Collection Systems

Lift stations were modeled per planning year 2002 operating conditions and pump
constraints. Because no improvements were recommended upstream of lift stations, it was
not necessary to model and analyze lift station upgrades to improve performance to
accommodate new development or to size lift stations or force mains needed to lift flows
from new developments to the existing system. CWS operates and maintains all but one lift
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station within the Tualatin service area. CWS is currently evaluating the possible
elimination of one or more lift stations pumping into the Nyberg Trunk line system. These
preliminary evaluations have not been incorporated into the current assessment.

The siphon under the Tualatin River on the Lower Tualatin Interceptor is modeled as an
equivalent diameter gravity pipe (a single pipe having diameter and other characteristics
that result in the same head loss per unit length as the actual multiple-pipe configuration).
The actual system is a three-barrel siphon with 10-, 14- and 16-inch diameter pipes. In
HYDRA, which does not model siphons, the system is modeled as a 21-inch gravity sewer.
This approach is consistent with CWS modeling approach and was not re-evaluated for this
study. CWS identifies this siphon as requiring expansion to accommodate build-out flow
conditions. Both the hydraulic characteristics and expansion/replacement costs of the
siphon structure require further evaluation to properly determine necessary improvements
and expense.

No new diversions or changes to hydraulic behavior of existing diversions were evaluated.

Although new collection system pipes will be required to serve new developments
(particularly for the proposed URAs), these were not included in the HYDRA model. The
actual configuration will depend on individual development plans, land use type and
location, site grading, and other factors not currently known. Instead, point flows were
estimated and injected into the existing system to evaluate the impacts of these new growth
areas on the existing infrastructure. Figure 3-1 shows a conceptual view of the
recommended major pipeline layout for addressing sanitary flows in 2010 from growth
nodes south and west of the current UGB. This configuration was used to determine where
estimated URA point flows should be injected into the system model.

3.2 Model Results
Multiple model runs were performed to identify locations where system capacity does not
meet the HGL criteria. In general, commercial and industrial development contributes a
larger percentage of increased flows than residential population growth. Deficiencies were
assessed based on three population and development levels and the 5-year, 24-hour design
storm condition:

•  2002 estimated population of 24,352
•  2005 estimated population of 25,787
•  2010 estimated population of 29,500

The modeling results for 2002 conditions are summarized in Figure 3-3. The results for
planning year 2005 and 2010 are summarized in Figures 3-4 and 3-5, respectively. These
figures show the locations of potential SSOs based on the HGL criteria outlined in Table 3-1.
Also shown on the figures for comparison are the CWS build-out flows and associated
pipeline diameters. The build-out scenario was expected to serve a population of 68,715 and
was projected to occur by 2040.
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The modeling results were used to identify components of the collection system that need to
be improved or expanded. These are summarized in Table 3-2. Development and evaluation
of feasible improvements and expansions are discussed in Section 4—Development and
Evaluation of Sewer System Improvement Alternatives.

TABLE 3-2
HGL Conditions and Priority Rankings of Recommended Improvements

HGL Conditiona

Project Name 2002 2005 2010
Priority
Rankb

Project
Length

(ft)

Required
Pipe Size

(in)

Bluff/Cipole Trunk LS + capacityc LS + capacity LS + capacity 1 8,075 36–42

Boones Ferry Road LH + capacity LH + capacity LH + capacity 2 1,786 10–15

65th Avenue lateral HS + capacity HS + capacity LS + capacity 3 165 18

Lower Tualatin
Interceptor

HH + capacity HH + capacity LS + capacity 4 3,692 36–48

Nyberg Trunk HH + capacity HH + capacity LS + capacity 5 6,566 24–30

Boones Ferry
Lateral

IS + capacity IS + capacity IS + capacity 6 286 10

Bluff/Cipole Lateral HH HH LS + capacity 7 5,226 18–36

SW 103rd Avenue No
surcharging

No
surcharging

IS + capacity 8 278 10

Total 26,074
a HGL condition based on HYDRA model results. See Table 3-1 for definitions and priority order.
b Priority rank based on CWS criteria for order of improvement. All needed improvements for a planning

year are addressed before assessing the next modeled planning year
c Maximum capacity is pipe flow calculated at 0.9 water depth/pipe diameter (d/D). The “+ capacity”

designation indicates the design flow required to flow through the pipe exceeds the calculated maximum
capacity.
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SECTION 4

Development and Evaluation of Sewer System
Improvement Alternatives

4.1 Development of Improvement Alternatives
Based on hydraulic grade line (HGL) prioritization criteria and modeling results discussed
in Section 3, CH2M HILL developed a list of pipeline replacement projects to address
existing and projected collection system capacity deficiencies. These are shown in Table 4-1
in order of priority. The project locations are shown in Figure 4-1. Detailed information
about each project is shown on Figures 4-2 through 4-11 (provided at the end of this
chapter).

Initially, the hydraulic model was used to size the pipelines for the proposed improvements.
It was assumed for sizing analysis that sewers would be replaced at existing grades and
alignment, although alternative routes were analyzed for some recommended
improvements. Refer to Appendix D—Hydraulic Modeling for more details.

There were also some locations, Boones Ferry Road, for instance, where a steep slope
provides a particular section of existing pipe with adequate capacity while pipes on either
side with relatively shallow slopes require replacement. Figure 4-12 (provided at the end of
this chapter) describes this condition.

TABLE 4-1
Priority Rankings of Recommended Improvements

Project Name Priority Rank*
Project Length

(ft)
Pipe Size
(inches)

Bluff/Cipole Trunk 1 8,075 36–42

Boones Ferry Road 2 1,786 10–15

65th Avenue lateral 3 165 18

Lower Tualatin Interceptor 4 3,692 36–48

Nyberg Trunk 5 6,566 24–30

Boones Ferry Lateral 6 286 10

Bluff/Cipole Lateral 7 5,226 18–36

SW 103rd Avenue 8 278 10

Total 26,074

*Priority rank based on CWS criteria for order of improvement. All needed
improvements for a planning year are addressed before assessing the next modeled
planning year.
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4.2 Capacity Deficiency Alternatives Evaluation
The hydraulic model was constructed and operated to identify capacity problems and
recommend replacement pipelines based on equivalent pipe diameters or parallel pipe
diameters that meet minimum criteria. CH2M HILL evaluated the hydraulic model’s
recommended pipeline replacements using CWS sewer design criteria.

The improvement alternatives were compared with known capital improvement projects—
such as those planned by CWS—for compatibility in design and sequencing. Other factors
considered in evaluating the projects included scheduling with road construction in the
area, construction constraints, physical access, easement and right-of-way availability, traffic
considerations, land-use compatibility, and permitting.

Figures 4-2 through 4-11 (provided at the end of this chapter) show detailed information for
each identified project, including pipe identification numbers, recommended size, design
flows, and slope. The figures also indicate the CWS 2000 Sewer Master Plan Update size and
flow requirements.

Due to differing land use assumptions and projected growth rates and development
locations, the CWS report shows somewhat different results from this analysis. At the time
of predesign of any of the recommended projects, the actual land use and growth in the area
served by a particular line should be reviewed to determine the growth scenario that best
matches actual conditions. The improvement sizing can then be selected from the CWS
projections or those used for this evaluation. The most conservative approach is always to
use the larger calculated design flow and associated size, but this may be over-conservative
in light of known land use and development constraints for a particular location.

City staff was asked to provide any observations regarding especially large or significant I/I
contributions from certain portions of the collection system. Such locations would be
considered as candidates for rehabilitation to limit the number of needed replacement
projects. Staff identified the Bluff/Cipole Trunk as the only area with known significant I/I
inflows. That line also receives large contributions from new developments, making
replacement necessary. No other locations were identified either by CWS monitoring or City
staff as having high I/I.

4.2.1 Bluff/Cipole Trunk
This project has several construction issues. Portions of the existing gravity sewer run in or
near Hedges’ Creek. Significant lengths are in wetlands and difficult access areas. The City
does not currently have adequate entry to all points of the line. An alternate alignment or
split system allowing new improvements to be constructed at a different horizontal location
might be preferable. Relocating portions of the line to Herman Road or another right-of-way
is attractive, but carries other traffic concerns and space constraints. CWS will lead this and
most other recommended projects meeting diameter criteria. The schematic in Figure 4-12
illustrates the type of condition encountered with this project.
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4.2.2 Boones Ferry Trunk
Only portions of this line show capacity deficiency, primarily related to changes in grade of
the line. See Figure 4-12 for a graphical example of this situation. Shallow cover in some
places results in elevation of HGL above surrounding ground elevation. The City and
Washington County have construction projects planned in the vicinity of this line. For
planning purposes it was assumed that this project could be incorporated into the other
capital projects, pushing the construction date ahead of its hydraulic ranking and
potentially minimizing construction costs. The City of Durham contributes significant flows
to this line.

4.2.3 65th Avenue Lateral
This short pipe length has larger diameter pipe on either end and is currently capacity-
deficient.

4.2.4 Lower Tualatin Interceptor
This project includes both the gravity sewer and the siphon crossing under the Tualatin
River. City of Tualatin projected land use in 2010 approaches the 2040 condition described
in the CWS 2000 Sewer Master Plan Update. CWS is responsible for improvements to this line.
Parallel piping may be necessary to provide the needed improvements without significantly
disrupting service in this major trunk line. The hydraulic characteristics and construction
requirements for improvement of the siphon structure have not been thoroughly evaluated.
Due to the site-specific nature of the structure, cost estimates cannot reasonably be
developed without more in-depth study and predesign. The siphon has been identified by
CWS for improvement, and that agency would be responsible for funding the project. The
siphon cannot be evaluated using the HGL criteria established by CWS, but with both
upstream and downstream pipes requiring improvements, the siphon should be included in
the surrounding projects to minimize costs and additional disruption to the area.

4.2.5 Nyberg Trunk
This project includes flows from the proposed Stafford Area. The existing pipe crosses
under Interstate Highway 5 (I-5) and through wetlands areas. CWS is responsible for
improvements to this line and is currently evaluating alternatives for avoiding replacement
of the existing line by re-routing some flows and eliminating one or more existing lift
stations.

4.2.6 Boones Ferry Lateral
This short section of pipe meets CWS criteria for improvement, but does not appear likely to
cause an SSO. The City and Washington County have construction projects planned in the
vicinity of this line. For planning purposes it was assumed that this project could be
incorporated into the other capital projects, pushing the construction date ahead of its
hydraulic ranking and potentially minimizing construction costs.
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4.2.7 Bluff/Cipole Lateral
This project is included entirely due to routing recommendations for flows from the
proposed Tualatin-Wilsonville, Tualatin Sherwood, and Tigard Sand and Gravel URAs.
New construction on 115th Avenue and Tualatin-Sherwood Road have created a potential
alternative alignment for a portion of this project. If a flow splitter is installed to distribute
flows between the two lines, a capacity deficiency still exists. The correct size and location
for improvements will depend largely on the final configuration of services to the proposed
URAs and their final land uses. One option was selected for cost estimate preparation. This
alternative is shown in Figure 4-9.

4.2.8 SW 103rd Avenue
This line becomes capacity deficient by 2010 with addition of flows from the proposed
“Hard Rock Village” multi-family housing development planned for that area.

4.3 Other Collection System Improvements
CWS performed flow monitoring for the entire Durham Advanced Wastewater Treatment
Plant (WWTP) service area, identifying areas of the system with pipes 21 inches in diameter
or greater that need rehabilitation to reduce or eliminate excessive I/I contribution. The
CWS 2000 Sewer Master Plan Update did not identify any areas in the Tualatin planning area
that require rehabilitation to reduce I/I. The current hydraulic modeling effort is based, in
part, on the same monitoring data, so no excessive I/I is reported in the most recent results.
Local rehabilitation projects may be identified by field observation and monitoring.

In addition to the projects identified by the updated Tualatin hydraulic model, City staff
identified other system improvements that need to be undertaken. These include projects to
address new service needs and a rehabilitation project.

4.3.1 SW Killarney Lane
Approximately 20 homes along SW Killarney Lane within the City boundary are currently
served by septic sewer systems. This does not meet current development codes and may
pose public health risks over time. It is desirable that these properties be brought into the
collection system grid. This project has been identified by City Staff and is currently in the
5-year plan for capital improvements to the sewer system. Cost estimates from the 5-year
plan were used for this plan without further evaluation. This project may require a lift
station or local pumping due to adverse grade. Due to the City’s identification and
budgeting for the project, no additional evaluation of feasibility or cost was completed for
this plan.

4.3.2 Tualatin-Sherwood Trunk Line Extension
This line would need to be extended in the future approximately 6,300 feet to the west to
serve the URAs that are proposed to be served by the Tualatin system. This line would only
be installed if those developments occurred and could likely include some cost sharing with
potential developers of those areas. Cost estimates are based on a brief study of potential
users in that area done by CH2M HILL at the City’s request. The study assumed a large
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percentage of flow generation from wet industry in that vicinity, resulting in a 24-inch line.
This sizing should be evaluated more closely as land uses for the URAs are determined.

4.4 Cost Estimates
Order-of-magnitude cost estimates were developed for proposed improvement alternatives
as summarized in Table 4-2. The calculated total construction cost for each project and the
expected share that Tualatin will pay are shown in Table 4-3.

The cost estimates did not include parallel piping, alternative alignments, and special
construction items (such as the Tualatin River siphon) that require predesign to develop
reasonable construction costs.

In some cases the CWS recommended size is larger, particularly for the Nyberg Trunk line.
In many cases the CWS size is the same or smaller than the size recommended in this plan
to meet the 2010 land use requirements. This is due to differences in assumptions about type
and location of growth and URAs served by the Tualatin collection system.

At the time of design for a specific project, the CWS recommendations should be thoroughly
reviewed before determining the correct size for construction. For this master plan, costs are
based on the required size to meet the 2010 capacity requirements.

In some cases the size required to meet hydraulic capacity needs for a downstream pipe
may be a smaller diameter than an upstream pipe. This is due primarily to changes in slope
condition. This is generally undesirable for maintenance reasons, and is prohibited by many
jurisdiction design requirements. Accordingly, in these cases the diameter of the
downstream pipeline was increased so that smaller diameter pipelines consistently convey
wastewater to larger diameter pipelines downstream.

There were also cases where one section of pipe was adequate for future growth at its
current size, while pipes on either side required improvements. Although it may be
desirable (and potentially less expensive to construct) to replace the intermediate piece, this
has not been included in the construction cost calculations.

4.4.1 Unit Costs
Unit costs for new pipe were adopted from the CWS 1995 Collection System Needs Analysis,
and escalated to May 2002 dollars using Engineering News-Record (ENR) index factors. The
20-city ENR Construction Cost index of 5443 (for January 1995) and 6578 (for November
2002) were used to compute an inflation of 19.6 percent.

The 1995 cost index was for pipe-in-place, including manholes and service lateral connec-
tions, but did not include engineering, administration, or legal costs. Twenty-five percent of
the calculated construction cost was added to account for these items.

An additional 30 percent was added for contingencies, which may include site specific
restoration or permitting requirements, exceptional soil or traffic conditions, and potential
rights-of-way or easement acquisitions. The result is the total projected expenditure for each
project, in 2002 dollars.

John Hall
Round to 35 percent?
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4.4.2 Order-of-Magnitude Cost Estimates
The order-of-magnitude cost estimates in Table 4-2 were prepared in accordance with the
guidelines of the American Association of Cost Engineers. The normally expected accuracy
of this type of estimate is within +50 percent and –30 percent of actual costs.

TABLE 4-3
Cost Sharing by Tualatin and CWS for Capital Improvements

Project Total Cost Tualatin’s Share Share as Percentage

Bluff/Cipole Trunk $3,568,000 $153,000 4.3

Boones Ferry Road $330,000 $330,000 100.0

65th Avenue Lateral $31,000 $31,000 100.0

Lower Tualatin
Interceptor

$2,850,000 $0 0.0

Nyberg Trunk $1,865,000 $1,624,000 87.0

Boones Ferry Lateral $42,000 $42,000 100.0

Bluff/Cipole Lateral $1,987,000 $391,000 19.7

SW 103rd Avenue $45,000 $45,000 100.0

Killarney Lane $450,000 $450,000 100.0

Tualatin Sherwood $1,662,000 $1,406,000 84.6

Total $12,830,000 $4,472,000 34.9

The cost estimates were prepared for guidance in project evaluation and implementation
from the information available at the time of the estimate. The final costs of the project and
resulting feasibility will depend on actual labor and material costs, competitive market
conditions, actual site conditions, final project scope, implementation schedule, continuity of
personnel and engineering, and other variable factors. As a result, the final project costs will
vary from the estimates presented here. Because of these factors, project feasibility, benefit/
cost ratios, risks, and funding needs must be carefully reviewed before making specific
financial decisions or establishing project budgets to help ensure proper project evaluation
and adequate funding.

4.5 Recommended Projects
The locations of the recommended improvements are summarized in Figure 4-1. Detailed
maps of the individual projects are shown in Figures 4-2 through 4-11. Pipe diameters
shown are in inches. Design flows are shown in cubic feet per second (cfs). Design flows for
2010 and the corresponding design diameters represent the results of the Tualatin 2010 land
use projection. The diameters are rounded up to the nearest commonly available pipe size
and modified to ensure that larger pipe is always downstream of smaller pipe. The CWS
build-out flow and corresponding diameter represent the results of the CWS 2040 land use
projection. The values are taken directly from the HYDRA model results without
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modification. Some pipes were not modeled in the CWS collection system. These locations
are denoted by “n/a” in the corresponding table columns.
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Note: The differences in design flow and Clean Water Services Master Plan buildout flow are due to differing
model resolution between the two plans.  
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Note:  This project has been identified and budgeted by City Staff.
No additional evaluation has been performed for alignment and feasibility.
This figure is for information only.
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Note:  The location and sizing of specific improvements for this project are largely dependent on the magnitude and location of flows from
Tualatin-Wilsonville, Tualatin-Sherwood and Tigard Sand and Gravel URA's.  Alternative routing may be appropriate.  
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SECTION 5

Recommended Improvements and
Financial Planning

5.1 Recommended Improvements
The recommended improvements are listed in Table 5-1 with proposed construction years
and order-of-magnitude cost estimates. The estimates are for costs to the City of Tualatin
only. Total project costs, which are shared by Clean Water Services (CWS) for some projects,
are shown in Table 4-2 in Section 4—Development and Evaluation of Sewer System
Improvement Alternatives. For project locations, refer to Figure 4-1; for detailed maps of the
projects, see Figures 4-2 through 4-11.

TABLE 5-1
City of Tualatin Sewer System Capital Improvement Project Cost Estimates
(includes costs to City of Tualatin; does not include CWS cost share) 

Qualifies for
Improvementa

Proposed
Construction

Yearb Summary Description of Projectsc Total Cost

2002 2003 Bluff/Cipole Trunk Line: Increase existing 18–24” line to 36–42” line $153,000

2003 Boones Ferry Road Line: Increase existing 8–12” line to 12–15”
lined

$330,000

2004 65th Avenue Lateral Line: Increase existing 8” line to 18” line $31,000

2005 Lower Tualatin Interceptor: Increase existing 30” line to 48” line NAe

2004 Nyberg Trunk Line: Increase existing 18” line to 24–30” line $1,624,000

2003 Boones Ferry Road Lateral: Increase of existing 8” line to 10” line $42,000

2005 2005 SW Killarney Lane Septic System Replacement: Replace existing
septic systems with new sanitary collection system and service
lateralsf

$450,000

2010 2008

2010

2006
2009

Bluff/Cipole Lateral: Increase of existing 12–21” line to 18–36” line

Extension of Tualatin-Sherwood Trunk Line to URAs, 24” new lineg

Tualatin River Crossing Siphon

SW 103rd Avenue: Increase existing 8” line to 10–12” line

$391,000

$1,406,000

NAe

$45,000
Total $4,472,000
aQualifies for improvement for the modeling scenarios developed for the 2002, 2005, and 2010 planning years. Based on hydraulic
modeling for the 5-year 24-hour storm and CWS HGL criteria. Year 2002 represents existing population and land use conditions.
bProposed construction years were developed based on the HGL priority ranking of the project and other factors such as logistics,
magnitude of the project, and coordination with other projects. These are estimates only to use for financial planning.
cProjects are listed in order of highest to lowest priority ranking.
dApproximately 80 percent of flow during design event in portion of line requiring improvements originates in City of Durham.
eCWS is responsible for this project, although City may elect to accelerate schedule and split cost.
fNot related to HGL criteria analysis.
gNeeded to serve projected growth in Urban Reserve Areas (URAs).
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5.2 Financial Plan
5.2.1 Recent Financial Performance
Total City of Tualatin sewer utility revenues ranged from a low of about $3.6 million in
fiscal year (FY) 1999/00 to a high of $3.9 million in FY 2000/01. The majority of revenues
come from payments for regular sewer service. Other sources of revenue include interest on
investments and miscellaneous revenues.

Total operating expenses, which include materials, supplies, professional services, repair
and maintenance, and capital outlay have ranged from a low of approximately $3.1 million
in FY 1999/00 to a high of $4.4 million in FY 2001/02. The increase in expenses is mostly
attributed to an increase in capital expenditures and professional services in FY 2001/02.
The largest single expenditure each year has been the user charges paid to CWS. Fees paid
to CWS ranged from $2.2 million in FY 1999/00 to $2.7 million in FY 2001/02. The City does
not have any existing debt service and pays for capital projects on a pay-as-you-go basis.

Total operating expenses, which include materials, supplies, professional services, repair
and maintenance, and capital outlay have ranged from a low of approximately $433,000 in
FY 2000/01 to a high of $1.5 million in FY 2001/02. The increase in expenses is mostly
attributed to an increase in system development charge (SDC) transfers to CWS and Lake
Oswego. Capital expenditures also increased in FY 2001/02.

Revenues exceeded expenses in FY 1999/00 and FY 2000/01. However, due to the increased
expenditures for capital projects, the City had to rely on its reserve in FY 2001/02.

5.2.2 Revenues
With limited federal and state assistance available, the City must rely predominantly on
sewer rates to fund the projected system costs over the next 10 years. Sewer service charge
revenues based on existing rates are estimated to be almost $3.8 million in FY 2003/04. This
estimate is based on the City’s existing rate schedule and the current number of units by
customer class generated from the City’s billing system. As the system grows, sewer service
charge revenues at existing rates may increase to about $5.0 million by FY 2012/13.

Non-rate revenues, including interest income and miscellaneous charges, were
approximately $167,000 for the sewer system in FY 2001/02. Interest income is projected to
fluctuate from year to year depending on the available working capital at the beginning of
each year and the annual increase (or decrease) in operating income. Miscellaneous income
was projected to remain relatively constant over the study period.

5.2.3 Projected Revenue Requirements
The costs in the plan that are to be funded from annual revenues are referred to as “revenue
requirements” for rate-making purposes. Total requirements are composed of:

•  Operations and maintenance (O&M) costs

•  Annual capital improvement projects funded by rates and reserves

•  Debt service expenditures
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•  Transfers to the City’s general and other funds for indirect and direct services provided
to the utility

In addition, annual requirements include operating contingencies equal to 45 days of O&M
costs. However, 100 percent of annual contingencies are assumed to be unspent and roll
forward to subsequent year beginning balances.

Revenue requirements were projected based on data provided by the City, including histori-
cal fund performance from FY 1999/00-FY 2000/01, estimated results from FY 2001/02,
fund projections for FY 2002/03-FY 2006/07, a capital project list for FY 2002/03-FY
2006/07, and the capital improvements plan shown in Table 5-1. Revenue sources were also
provided by the City, including funding described in the current 5-year plan.

The following general assumptions were used in developing the plan:

•  Customer growth will occur at an average rate of 2.9 percent annually based on
engineering estimates.

•  O&M costs will escalate at annual rates of 5 percent, based on projected inflation and
system growth, and historical trends.

•  Revenues from rates were projected to increase by 1 percent annually to account for
anticipated growth.

•  Interest rate on investments is 3.5 percent.

•  Capital costs will increase at an annual rate of 3 percent to account for inflation.

•  The Future Replacement Fund will receive a deposit of $1.49 million in FY 2002/03 from
the sewer operating fund. These funds are available to pay for future capital
expenditures, including recommended projects listed in Table 5-1.

•  According to the CIP, most of the proposed projects are necessary to accommodate
forecasted population and commercial growth. Therefore, for this analysis, it was
assumed that all revenues generated through SDCs would be eligible to pay for the
proposed capital projects.

5.2.4 Capital Costs
Capital outlays for projects and equipment totaled approximately $550,000 in FY 2001/02.
Future capital outlay expenditures are based on improvements resulting from the CIP
shown in Table 5-1, along with the City’s existing capital project list. Based on this
information, capital improvements over the next 10 years total approximately $6.1 million
(in 2002 dollars). The projects are necessary to maintain the current level of service provided
by existing facilities, to systematically replace aging facilities, to comply with state and
federal regulations, and to provide capacity to meet the needs of projected growth.

Table 5-2 summarizes the capital improvement plan for the sewer system over the next
10 years, in 2002 dollars. Based on the anticipated project schedules and an estimated annual
capital cost escalation rate of 3 percent, the total inflation-adjusted 10-year capital
improvement plan for the sewer system is approximately $9.1 million through FY 2012/13.
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The City may be eligible for a combination of lower-interest loans and grants from state and
federal agencies to help cover anticipated cash shortages. The City may also have to issue
debt through the conventional bond market. A discussion of funding programs is included
in section 5.2.6 of this chapter.

5.2.5 Financial Impacts of Capital Projects Plan
 Currently, the City has approximately $2.8 million in available working capital in the
operating fund to help pay for capital improvement projects. An additional $2.1 million in
working capital is in the SDC Fund. In 2001/02, the City relied on existing reserves to help
cover operating losses in both the operating fund and the SDC fund due to increased capital
spending. The working capital will continue to be drawn down in 2003 and in future years
to pay for planned capital projects. Under the existing capital project schedule, and
assuming no rate increases are adopted, the City will experience a negative beginning
balance in FY 2005/06. Table 5-3 presents the projected sources and uses of funds for the
Sewer Operating Fund, the Sewer SDC Fund, and the Future Replacement Fund.

5.2.6 Federal and State Assistance
One of the most desirable methods of financing planned system improvements is to obtain
grants and/or low-interest loans from federal or state agencies. These funding sources help
to minimize the costs to the local community residents. Although there can be some indirect
costs associated with assistance such as record keeping and administration, in general the
benefits of these financial sources outweigh the costs. The limited availability of such
funding is its major drawback. However, there are a number of different programs that the
City may want to pursue in establishing an overall funding plan. These include the Clean
Water State Revolving Loan Funds and the State Economic Development Funding.

5.2.7 Conclusion
The CIP presented in Table 5-1 is anticipated to place financial stress on the City’s sewer
utility and will require additional sources of funds to pay for the improvements.

The City may wish to consider looking into options other than revenue bonds for lower
costs of capital. Although the competition for state and federal grants or low interest loans is
strong, it would be worthwhile for the City to begin applying for funds.

The City should review sewer rates and SDCs with CWS on a consistent basis to ensure
operating revenues are sufficient to cover operating expenses, future capital projects, and
future outstanding debt service.

Additionally, ongoing rehabilitation and replacement projects to repair structural
deficiencies as they develop could be considered periodically for inclusion in capital budget
planning.
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T E C H N I C A L  M E M O R A N D U M  A

Review of Existing Information
PREPARED FOR: Kaaren Hofmann/City of Tualatin
PREPARED BY: Mark Bransom

Chris Allen
SUBMITTED BY: Mark Bransom
DATE: July 12, 2002
PROJECT: City of Tualatin Sewer Master Plan Update

Summary
This memorandum outlines the existing information that was reviewed to update the City
of Tualatin sewer master plan.

CH2M HILL reviewed in detail the current Clean Water Services (CWS) master planning
work for the Durham basin. CH2M HILL also obtained the CWS hydraulic model of the
Durham basin and reviewed the input-parameter information, and other data, as part of the
Tualatin service area hydraulic model construction effort.

Additional information that was reviewed includes the current City of Tualatin Develop-
ment Code for Sewer Service, historic CWS (formerly Unified Sewerage Agency) sewer
master plan documents, as-built drawings of the City sewer system, CWS and City of
Tualatin geographical information systems (GIS) mapping and sewer system attribute
databases, sewer infrastructure conceptual planning documents for URGA 34, pump station
data, and other relevant information.

Tualatin Development Code—Sewer Service
Chapter 13 of the Tualatin Development Code represents the current sewer master plan
document for the City. This document was most recently revised in 1984 and reflects City
staff modifications of the original 1979 sewer service section of the comprehensive plan. The
document is included in this memorandum as Attachment A.

Clean Water Services Sewer Master Plan
CWS is a county service district, formed in 1970 and currently providing sanitary sewer
service and urban surface water management to a 123-square-mile area consisting of urban
Washington County and portions of Multnomah and Clackamas Counties. The population
served is approximately 450,000.

CWS issued the original Sanitary Sewer System Master Plan in 1969. This was updated in
1985. In 1995, a Collection System Needs Analysis was prepared to develop a computer model
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of the entire collection system. This analysis included recommended system improvements
and was used for capital improvement planning. The priority selection criteria in that study
will be used in the City of Tualatin sewer master plan update.

In 2000, the CWS sewer master plan was updated with recent changes in the collection
system and land use. This update included development of a new computer model of the
system, and updating lists of recommended improvements. Scenarios for 1994, 2000, 2005,
2010, and build-out (following the 2040 Growth Plan) were developed with land use and
population projections. Comparison of 2000 census data and 2001 water use billing records
indicates that the CWS projections assumed faster growth rates than have actually been
occurring in the City of Tualatin.

The CWS year 2000 population estimate was 28,122. The April 2000 census in Tualatin
counted 22,791, a difference of 5,331 people. Sanitary flows were developed using regionally
accepted per capita values and zoning, density, growth rate, and land use data. Commercial
and industrial flows were estimated, by Floor Area Ratio (FAR) methods to be
2,961,010 gallons per day (gpd) in the year 2000 (2000 Sanitary Sewer System Master Plan
Update, PMA, 2001). Commercial and industrial water use collected in December 2001 and
January 2002 indicate flows of approximately 1,080,790 gpd. Flow monitoring information
was used to develop infiltration and rapid inflow relationships for different areas within the
system and diurnal curves for different land uses. This information has been incorporated
into the Tualatin Sewer Master Plan as appropriate.

Suggested improvements from the 2000 Sanitary Sewer System Master Plan Update focused on
the Lower Tualatin Interceptor, Upper Tualatin Interceptor, Cipole/Bluff Trunk, Tualatin-
Sherwood Road Trunk, and Nyberg Trunk lines. The Nyberg Trunk line was recommended
for improvements as soon as 2000, while most improvements were not designated as
necessary until build-out flow conditions occurred.

CWS Durham Wastewater Treatment Plant Model
A detailed hydraulic model was created in 2000 by Paula Arsenault Engineering (PMA) in
conjunction with Harper Houf Righellis, Inc., David Evans & Associates, Inc., and CWS
staff. The model was created using Hydra 6, a hydraulic modeling software package man-
ufactured by Pizer Incorporated. This model (CWS Model) incorporated 8-inch and larger
diameter pipelines draining to the Durham Advanced Wastewater Treatment Plant
(AWTP). However, the majority of the pipe represented in this model was greater than
8 inches in diameter, with only 115 of 2000 (6 percent) pipe links (section of pipe between
manholes) being 8-inch. The CWS Model was used as the foundation for development of the
City of Tualatin’s sanitary sewer model (Tualatin Model), which is being created as part of
this project.

City of Tualatin Sewer System Information
The City of Tualatin maintains a database and corresponding GIS mapping of the existing
sanitary sewer collection system located within the City of Tualatin’s service area. The
database contains all sanitary sewer pipes and manholes within the system. The GIS
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platform is ArcView. New data are input into the database and GIS when the City receives
as-built drawings from new construction.

For sewer pipes, this includes 8-inch and greater sewer mains, 6-inch service laterals, and
force mains (pressure pipes). The pipe data within the City’s database pertinent to the
hydraulic model are length, diameter, and as-built number. The database does not contain
information on invert or ground elevations.

For manholes, this includes all manholes, cleanouts, and pump stations. The manhole data
within the City’s database pertinent to the hydraulic model are as-built number and type.
The database does not contain information on invert or ground elevations, or any pump
station data.

As-Builts
CH2M HILL extensively reviewed the City’s as-built drawings, which are stored by the City
in electronic files. These drawings date back to the late 1960s. All as-built drawings
contained in the electronic files were reviewed and a new database was created. The
purpose of the review was to create a comprehensive database, and representative model, of
the City’s sanitary sewer collection system containing information such as:

•  Pipes: operational identification number, rim elevations, invert elevations, length,
diameter, slope, and as-built drawing number.

•  Manholes: operational identification number, rim elevation, invert elevation, as-built
number, and type (standard manhole, diversion, outfall, or pump station).

Hard copy as-built drawings of all pump stations within the City’s service area were also
reviewed and data pertinent to the model were extracted. The overall purpose of the as-built
drawing review was to ensure that all existing pipes and manholes located within the City’s
service area were represented.

URGA 34
CH2M HILL reviewed the conceptual plans and alternatives associated with future
development of Urban Reserve Growth Area 34. The conceptual sewer infrastructure needs
for URGA 34 were presented in Technical Memorandum 3, Urban Reserve Growth Area 34 –
Wastewater System Development, dated May 18, 2000, and prepared by CH2M HILL. This
document was reviewed to ensure that assumptions and pipe routing alternatives were still
valid in light of current modeling efforts.

References
CH2M HILL. 2000. Technical Memorandum 3, Urban Reserve Growth Area 34—Wastewater
System Development. May 18, 2000.

City of Tualatin. 1984. Tualatin Development Code, Chapter 13, Sewer Service.
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Clean Water Services (formerly Unified Sewerage Agency). 1969. Sanitary Sewer System
Master Plan.

Clean Water Services (formerly Unified Sewerage Agency). 1985. Sanitary Sewer System
Master Plan.

Clean Water Services (formerly Unified Sewerage Agency). 1995. Collection System Needs
Analysis.

PMA Engineering. 2001. 2000 Sanitary Sewer System Master Plan Update. Prepared for the
Unified Sewerage Agency of Washington County, Oregon (now Clean Water Services).
April 2001.
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T E C H N I C A L  M E M O R A N D U M  B

Development of Land Use, Wastewater Generation,
and Service Area Parameters
PREPARED FOR: Kaaren Hofmann/City of Tualatin
PREPARED BY: Chris Allen

Mark Anderson
SUBMITTED BY: Mark Bransom
DATE: December 18, 2002
PROJECT: City of Tualatin Sewer Master Plan Update

Summary
Using available documents and databases, CH2M HILL prepared information necessary to
construct an updated sewer system model for the City of Tualatin. This included identifying
future planned collection system improvements, incorporating and adjusting land use data,
and calculating sanitary sewer system flow based on water usage billing records. Service
areas were delineated and associated collection system injection points defined.

CH2M HILL combined information from the Clean Water Services (CWS) HYDRA
hydraulic model of the Durham wastewater collection system service area developed in
2000 with information from Tualatin’s collection system database, with reference to as-built
drawings, to represent the collection system infrastructure in the new Tualatin wastewater
collection system model.

CWS Capital Improvement Projects Evaluation
For the 2010 planning period considered by this master planning update, CWS would
improve certain trunk lines and interceptor systems within its jurisdiction. These improve-
ments will have an effect on the performance of the collection system as a whole, including
those portions that are the responsibility of the City of Tualatin. The 2000 Sanitary Sewer
System Master Plan Update (PMA, 2001) provides a recommended capital improvement
schedule. More accurate build-out information may be available from other sources such as
CWS staff.

The potential improvements by CWS were not included in the collection system capacity
analysis. Rather than attempting to determine size and construction schedule for CWS
improvements, this approach confirms the priority and timing of projects presented in the
CWS plan and records additional needs, if any, that can be observed with the finer
resolution of the current Tualatin model. CWS is currently evaluating the potential for
removal of one or more lift stations within the planning area, particularly contributing to the
Nyberg Trunk line. These preliminary designs are also not reflected in the analysis.
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Land Use
Planning Area
The planning area for the 2002 Tualatin sewer master plan encompasses the current
boundary of the City of Tualatin, as well as additional areas anticipated to be served by the
City in the future. This includes portions of the Metropolitan Service District (Metro) Urban
Growth Area (UGA) anticipated to be served by City collection system components as well
as Urban Reserve Areas currently being evaluated for inclusion in the UGA. Figure B-1
shows an outline of the planning area and highlights special areas included in the analysis,
such as Urban Reserve Areas. Evaluation of new land use parameters and detailed waste-
water generation calculations were only performed for those parts of the planning area
contributing to flow in the Lower Tualatin Interceptor or within the UGB. Other flows
contributing to total discharge at the Durham Wastewater Treatment Plant (WWTP), such as
from Sherwood, Beaverton and Tigard, were included in the model as point flows where
needed, but were obtained directly from the CWS 2000 Sewer Master Plan Update, and were
not re-evaluated.

Land Use and Population Data
The estimate for the current population (2002) was obtained from the City of Tualatin. This
number was used to determine per capita residential sanitary flow. Future population
projections for the 2005 and 2010 planning scenarios were developed by applying the
maximum allowable density for the zoning designation to each of the planned
developments within the City (2005) or calculated from information provided by City Staff
regarding expected population (2010). Industrial and commercial developments contribute
additional flows into the collection system, but do not show an increase in population.
Estimated residential populations for each planning scenario are shown in Table B-1.

Zoning designations for each parcel within the planning area were determined from the
current city zoning map, provided by City staff, and shown in Figure B-2.

TABLE B-1
City of Tualatin Population Estimates and Projections

Planning Year Population

2002 24,352a

2005 25,787b

2010 29,500a

2040 (Build-out)c 68,715
aCity of Tualatin estimate
bBased on density and land use of expected developments
cCWS 2000 Sewer Master Plan Update, data based on full re-
densification of City of Tualatin Service Area within existing UGB,
including portions of Tualatin-Sherwood, Tigard Sand and Gravel,
and Stafford URAs.
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Land Use Database Development
It was determined early in the model development process that the resolution of the study
should be at a parcel level, not census block group or designated zoning area, as was done
for the CWS 2000 Sewer Master Plan Update, for example. This finer level of resolution allows
for evaluation of impacts created by individual developments. It also requires significant
effort to collect the needed data and correct and arrange it in the manner needed by the
HYDRA model.

The original data used for development of the HYDRA model inputs came from several
sources. Parcel information was collected from the Metro Regional Land Information
System (RLIS) database, along with other geographic information, such as the Tualatin City
boundary and the Metro urban growth boundary. Current land use information was
developed from zoning designations in the RLIS database and assigned to each parcel. Some
parcel records included zoning and development information, but these did not prove
reliable. City staff provided CH2M HILL an address database with more accurate address-
ing for tax lot identification numbers (TLID) than the parcel database. Because RLIS and the
tax lot databases are not updated in concert, the information they contain does not always
match. For example, a new development within the City may be receiving water service at
several addresses that are not reflected in the RLIS data. The procedure developed to
account for these discrepancies is described in Attachment B-1, Transfer of Billing Records
to GIS.

Development Density
Since model parameters must be developed individually for each parcel, density must be
calculated or otherwise determined for each parcel in each planning scenario. For the
current (2002) condition, this is probably not best determined from zoning level information.
Build-out percentage is not especially meaningful for an individual parcel. A parcel is either
developed or it is not. An alternate strategy was selected, using water use billing records.
This approach helps determine density and develop wastewater flows simultaneously. If the
total flow to all residentially zoned parcels is divided by the number of current residents, a
local per capita water usage can be found. This was found to be 81 gallons per capita per
day (gpcd). Then the billed water used by each parcel can be divided by the calculated per
capita usage to find the approximate residential density for each parcel. Although not exact,
this method gives a reasonably accurate view of population distribution based on measured
data. This can be used to determine where sanitary flows originate in the collection system.

Future anticipated developments were also assigned to particular parcels. Based on
available planning data, or allowable density in lieu of better information, the maximum
expected density was applied to each location. City staff provided locations of planned
developments for 2005 and 2010. It was assumed that maximum build-out for a develop-
ment would occur by the planning year that it was introduced to the model. It was also
assumed that density would not change for any location that is currently developed, i.e., has
water use associated with the parcel. For all locations not identified by the City as a pro-
posed development and without any identified current water use, it was assumed that the
parcels were undeveloped and would not develop by 2010. Areas outside the City limit, but
within the Metro UGB did not have current billing records, but were assumed to be
unconnected to the City’s collection system. Unless identified specifically for development,
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these areas were considered to remain unconnected to the City system for the future
planning scenarios.

Urban Reserve Areas
Four urban reserve areas were included in the study for the 2010 planning scenario:
Stafford, Tualatin-Wilsonville, Tualatin-Sherwood, and Tigard Sand and Gravel. General
land use and density were investigated for these areas and shown in Table B-2. This study
used a report prepared in May 2000 by CH2M HILL for the City of Tualatin as a basis for
sanitary flow generation for Stafford. This report is included as Attachment B-2. City of
Tualatin Development Code was used for flow generation in the remaining nodes.
Figure B-3 shows the location and extents of these nodes.

TABLE B-2
Urban Reserve Area Land Use Characteristics

Reserve Area Area (acres)
% Commercial or

Industrial % Residential

Stafford Triangle 623 90 10

Tualatin – Wilsonville Buffer 514 50 50

Tualatin – Sherwood 245 100 0

Tigard Sand and Gravel 238 100 0

Jurisdictions Outside of Planning Area
Several areas contributing sanitary flows to the modeled collection system are outside the
City limits and/or do not receive water services from the City. These include the City of
Sherwood and the City of Durham. Sanitary flows from the City of Sherwood were taken
directly from the CWS 2000 Sanitary Sewer Master Plan Update. No attempt was made to re-
evaluate growth or density issues. This same approach was taken for other lateral lines to
the Upper Tualatin Interceptor, including the Summerfield Trunk and the Durham Drive
Lateral. Sanitary flows from Beaverton and Tigard carried in the Fanno Creek Interceptor
were handled in a similar manner. A different process was used to develop City of Durham
flows.  Parcels within the City of Durham limits were divided into residential and
commercial land use groups. Population estimates from the Portland State University
Population Center were used to determine density and distribution of flows in the
residential parcels.  Standard commercial flow values were applied to the remaining parcels.

Other Adjustments
As mentioned above, the water billing database, address database and parcel database were
not strictly complementary. Some modifications were necessary. Some billing addresses had
multiple accounts. These were condensed to a single value per address. Some billing
addresses could not be reconciled with the address database. Often this was due to a
missing apartment or building number. These were matched as closely as possible.
Occasionally, a water record was attached to an address near to or adjacent to the actual
billing address of record when no matching record could be identified. This has very little 
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effect on how the HYDRA model interprets the information as long as both addresses are
within a single service area (sewershed).

Where addresses could not be associated directly with parcels by tax lot identifier (TLID),
the addresses were assigned to parcels in a logical manner. The HYDRA model cannot
accept parcels surrounded completely by another parcel, so multi-family (condominium)
developments were modified so that all flows were attributed to the base parcel, rather than
individual units, which were eliminated from the model database. In total, 200–300 of
approximately 7000 parcels within the planning area were modified to solve one or more of
these problems.

Recommendations and Conclusions
Creating a parcel-resolution database of land use has several advantages. Information about
density and sanitary flow generation can be locally developed, site specific, and current.
Individual projects and sites can be evaluated for impacts to the collection system. However,
some of the inconsistencies between data sources make the model development process
cumbersome to update frequently. This problem could be reduced or eliminated by using a
consistent record keeping format and updating between different data sources. Automation
of the transfer process would be desirable so it could easily be replicated.

A build-out scenario, with full re-densification of the entire UGB, was not developed for this
plan. However, given the degree of accuracy in land use growth and projection inherent in
such a long-term forecast, the model created for the CWS 2000 Sewer Master Plan Update is
adequate to evaluate “ultimate” conditions for sizing requirements and system capacity
limits. That model is included in this plan by reference, and specific information is included
and its source noted as appropriate. In general, land use and development patterns were
considerably different between CWS and the Tualatin model, but the modeling assumptions
and methods used by CWS are comparable and often identical to those used for this plan,
unless noted.

The result of differing land use and development patterns is that the total flow reaching the
Lower Tualatin Interceptor anticipated to occur at build-out (2040) by the CWS plan is
nearly attained in the Tualatin model in 2010. Also, the distributions of these flows are
somewhat different from the CWS plan.

Wastewater Flow Generation
Existing Conditions
In the HYDRA modeling software, the land use layer can be interpreted as a zoning map of
the area being evaluated. Within the layer, different sanitary flow classes and volumes can
be specified.

The Tualatin model developed for this project uses parcels (tax lots) as the level of resolu-
tion for flow data. Each parcel has only one kind of sanitary flow (single family residential,
multi-family residential, or commercial) associated with it. To determine land use assign-
ments, the Tualatin land use/zoning map was intersected with the parcel map. Each parcel
was given a zoning designation from the land use map. Each zoning designation was given
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an associated diurnal sanitary flow pattern. The zoning designations and associated diurnal
curves were duplicated from the 2000 Sanitary Sewer System Master Plan Update. Incorporat-
ing flow data analysis from the 1995 Collection System Needs Analysis Report (HDR), the 2000
Sanitary Sewer System Master Plan Update evaluates extensive data to create the curves, and
should be referred to for more detailed information. An excerpt of this report is included as
Attachment B-3.

Sanitary flow volumes were determined by matching each parcel to a billing address for
water usage. Due to discrepancies between billing addresses, site addresses, tax lot
identification numbers, and parcels, a procedure was developed to ensure water volume is
conserved while water use data are associated with parcel information in a spatial database
format. This procedure is documented in Attachment B-1. Lacking more accurate measured
flow data or consumptive use determination, all billed water use was passed directly into
the sanitary system. Water data were collected for December 2001 and January 2002 and
should have minimal irrigation or other consumptive use components. In reality, only 90 to
95 percent of the billed water likely returns to the collection system, but this difference is not
generally significant relative to the peak flow resulting from the 5-year, 24-hour storm used
for system design.

HYDRA requires that residential flows be provided in per capita usage and population
totals for each land use area—or parcel in this case. Since individual parcel populations are
not known, but total flow is known, the per capita usage and per parcel population can be
estimated for use in the model. The total flow volume for all residential parcels was
summed and divided by the most recent estimate of population (24,352) for the City of
Tualatin. The result is a per capita water use of 81 gallons per day (gpd). The total water use
per day for each parcel is divided by the per capita use to estimate the population per
parcel. This is an artificial value, intended to satisfy model requirements. The population
per parcel should not be compared to zoning or density data; it is not meaningful in that
context.

Commercial flows in HYDRA must be reported in total gallons per day. The total monthly
volume for each commercial or industrial parcel was used to calculate totals for each parcel.
This value was input directly into the model for each commercial- or industrially-zoned
parcel.

Diurnal Flow Pattern Development
Sanitary flows are usually assumed to follow a repeating, 24-hour pattern, called a diurnal
flow pattern. Diurnal flow patterns are defined as a dimensionless hourly flow with a daily
average of 1.0. Diurnal flow is calculated by dividing the hourly flow by the average flow
for that day. The most prominent influence on diurnal curve pattern is land use. Residential
use tends to create dual peaks in the morning and evening. Commercial and industrial
patterns tend to be relatively constant during business hours and low at other times of day.
Textbook values based on research studies in various collection systems are often used for
the pattern, but local information is usually more accurate. HDR Engineering, Inc., analyzed
monitoring data for the Metro area in conjunction with the 1995 Collection System Needs
Analysis Report. An excerpt of that report is included as Attachment B-3.
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For this analysis, the Type 2 curve was used for single family residential (SFR) and rural
residential (RUR) zoning, Type 3 was used for multi-family residential parcels (MFR) and
Type 4 was used for commercial or industrially zoned parcels (COM or IND). Table B-3
summarize Metro zoning information. Although each parcel meets criteria for application of
the developed diurnal curve types, parcel-based flows would be expected, in theory, to have
a “pure” curve rather than a curve based on mixed-use monitoring data. It was assumed
that the Type 2 and Type 3 curves were developed based on nearly single land use service
areas. Although the Type 4 curve was developed from monitored data including some
residential flows, further evaluation shows that the hybrid curve should behave con-
servatively even when applied to individual parcels with a single land use. The empirical
curves are believed to be at least as accurate for commercial and industrial sources as a
textbook approach would be, and using curves developed and used by CWS maintains
consistency with the rest of the Metro planning area. Table B-4 summarizes the
characteristics of each of these curves.

TABLE B-3 
Residential and Commercial/Industrial Unit Flows for New Developments

Land
Use

Category Description

Dwelling Unit
Density (persons/

dwelling unit)

Residential
Unit Rate

(gpcd)

Commercial/
Industrial Unit Rate

(gpd/1000 sq. ft)

General
Flow

Category

CC Central Commercial 84 C

CG General Commercial 84 C

CO Office Commercial 84 C

CR Recreational Commercial 84 C

MC Medical Center Varies C

MG General Manufacturing 84 C

ML Light Manufacturing 84 C

MP Manufacturing Park 84 C

RH High Density Residential 2 100 R2

RH/HR High Density/High Rise Res. 2 100 R2

RMH Medium High Density Res. 2 100 R2

RML Medium Low Density Res. 2.5 100 R1

RL Low Density Residential 2.5 100 R1
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TABLE B-4
Diurnal Curve Category Definitions

Parameter Type 1 Type 2 Type 3 Type 4

Weekday Peak
Occurrence Time

6:00 a.m. to
8:00 a.m.

6:00 a.m. to
8:00 a.m.

6:00 a.m. to
8:00 a.m.

9:00 a.m. to
11:00 a.m.

Weekday Peak 1.75 to 2.2 1.50 to 1.75 1.25 to 1.50 1.10 to 1.50

SFR/MFR >2 >2 <2 NA

RES/COM 2–20 >20 2–20 <2

IND/COM <3 <3 <3 <3

IND/acre <1 <1 <1 >1

Other
Characteristics

Low early morning
and mid-afternoon

lows

Medium early
morning and mid-

afternoon lows

Medium early
morning and mid-

afternoon lows

High early morning
low and almost no
mid-afternoon low

IND/acre = ratio of industrial development per acre, IND/COM = ratio of industrial to commercial development,
NA = not applicable, RES/COM = ratio of residential dwellings to commercial development, SFR/MFR = ratio of
single family residential to multi-family residential

Wet Industry Flows
Certain industrial sites in the City of Tualatin produce large quantities of wastewater flow.
These sites may significantly affect the performance of the collection system as a whole, and
often do not follow standard diurnal curve patterns. Table B-5 summarizes the largest flow
producers, the sources of diurnal curve information, and daily permitted volumes, if
available. Rather than model the injection of these flows into the collection system, each
industrial user is assigned an individual diurnal curve and its flows are routed from the
parcel through the service areas in the same manner as typical sanitary flow sources.

Historically, Pacific Foods and Pacific Nutritional Foods have discharged into the Tualatin-
Sherwood trunk line via the lift station. Recently, however, flows from this area have been
diverted to gravity flow into the Bluff/Cipole trunk line. This creates local improvement
priorities that differ from those identified in the CWS master plan.

TABLE B-5 
Wet Industry Contributors

Industry Name Parcel
Diurnal Curve

Source
Current or Build-out/

Permitted Volume (gpd)

Novellus* 934 Standard Industrial 1,538,000

Fujimi 939 2000 CWS MP 263, 217

Pacific Foods 1349 2000 CWS MP 80,445

Pacific Nutritional Foods 6131 2000 CWS MP 100,728

Meridian Park Hospital 6225 Standard Industrial 56,000

ACI Glass 979 2000 CWS MP 16,800
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TABLE B-5 
Wet Industry Contributors

Industry Name Parcel
Diurnal Curve

Source
Current or Build-out/

Permitted Volume (gpd)

G & K Services 928 2000 CWS MP 12,750

*Capacity will be phased in over several years, reaching maximum permitted volume in 2010.

2005 Conditions
Several new projects are expected to develop within the collection system by 2005. City staff
provided information for the number and type of developments anticipated. In some cases
available information was limited. In most cases the information is preliminary, or planning
related, and subject to change.

City of Tualatin Development Code guidelines were used to calculate estimated sanitary
flow contribution from each development. For residential areas the sanitary flow was
assumed to be 100 gallons per capita per day (gpcd). For commercial and industrial devel-
opments it as assumed to be 84 gallons per 1000 square feet of floor space per day (gpad).

Single family residential density was assumed to be 2.5 persons/dwelling unit. Multi-family
residential density was assumed to be 2 persons/dwelling unit. From these values, an
average daily flow contribution was calculated for each development. The hydrograph
approach used by HYDRA does not simply apply a peaking factor. Instead, a portion of the
5-year, 24-hour storm is routed through the service area superimposed on the average day
sanitary flows and base infiltration flows. The base infiltration flows are developed from
monitoring data. Table B-6 shows the anticipated developments, with estimated sizes and
population, that will contribute additional flow to the collection system.

TABLE B-6 
2005 Anticipated Developments

Development Type Unit Quantity Area (ac)
Total

Persons
Average Daily

Flow (gpd)

Wood Ridge Apts MFR Apartment 264 10.66 528 52,800

Linden Terrace Subdivision SFR Lot 11 2.14 28 2,750

Panattoni IND SF 300,000 23.66 N/A 27,209

Franklin Business Park IND SF 60,500 4.88 N/A 5,612

Lake Forest North
Subdivision

SFR Lot 36 7.43 90 9,000

Lake Forest East & Lake
Ridge Terrace

SFR Lot 43 8.74 108 10,750

Eaton Subdivision SFR Lot 25 4.96 63 6,250

Lake Forest II SFR Lot 52 9.67 130 13,000

McReynolds Subdivision SFR Lot 50 9.62 125 12,500

Jomar Bluff Subdivision SFR Lot 16 8.35 40 4,000
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TABLE B-6 
2005 Anticipated Developments

Development Type Unit Quantity Area (ac)
Total

Persons
Average Daily

Flow (gpd)

Hedges Estates Subdivision SFR Lot 36 9.01 90 9,000

Applebees COM NA NA 0.88 NA 1,012

Aspen Place COM NA NA 0.67 NA 771

Bridgeport Village COM NA NA 20.23 NA 23,265

Larsen Subdivision SFR Lot 93 30.37 233 23,250

Poly Concepts IND SF 5000 5.00 NA 5,750

Tualatin Business West IND SF 80000 13.66 NA 15,709
COM = commercial, IND = industrial, MFR = multi-family residence, NA = not applicable, SF = square feet,
SFR = single family residence.

2010 Conditions
The same process was used to model the 2010 future scenario with the developments listed
in Table B-7 added. Population and commercial flow estimates are summarized in Table B-8.
The acreage of modeled service areas is shown in Table B-9. Dwelling unit and population
data are listed in Table B-10.

TABLE B-7
2010 Anticipated Developments

Development Type Unit Quantity Area (ac)
Total

Persons
Average Daily

Flow (gpd)

General Manufacturing IND SF (50% FAR) 839,837 38.56 NA 44,344

Stafford Area (URA 34)a,b COM/SFR SF/Lots NA/136 623.25 340 585,600

Tigard Sand and Gravel
(URA)b

IND SF (50% FAR) 5,623,378 258.19 NA 549,821

Tualatin Wilsonville
Buffer (URA)b

50% COM,
50% RES

SF/Units 5,596,915/
938

513.95 2,333 858,816

Tualatin/Sherwood
(URA)b

COM-IND SF (50% FAR) 5,333,269 244.87 NA 521,456

Hard Rock Village MFR Units 495 23.37 1,040 104,000

Leveton Commons IND SF (50% FAR) NA 105.53 NA 121,360

Franklin Business Park IND SF (50% FAR) NA 32.23 NA 37,065
aContributing flows taken from CH2M HILL Technical Memorandum, “Urban Reserve Growth Area 34-
Wastewater System Development,” dated May 18, 2000.
bIncludes infiltration of 300 gallons per day per acre. Area includes URA and areas within UGB.
COM = commercial, IND = industrial, MFR = manufacturing, NA = not applicable, RES = residential,
SF = square feet, SFR = single-family residential 
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TABLE B-8 
Summary of Population and Commercial Flow Estimates

Projected Population During Planning Year
Projected Commercial/Industrial Flow

(gpdx1000)Total
Area

(acres) Build-outa 2002 2005 2010 Build-outa 2002 2005 2010

7,383b 68,715 24,352 25,787 29,500 5,787 2,158 2,295 4,642
a Taken from CWS 2000 Sewer Master Plan Update.
b At 2010, based on City of Tualatin projections.

TABLE B-9
Modeled Service Areas

Service Area (acres)

Basin and Subbasin Areas Current Future (2010)

Baseline Service Area* 5,494 5,494

Stafford Area (URA 34) - 623

Tigard Sand and Gravel (URA) - 238

Tualatin Wilsonville Buffer (URA) - 514

Tualatin/Sherwood (URA) - 245

City of Durham 269 269

TOTAL: 5,763 7,383

TABLE B-10
Modeled Dwelling Units and Population

Build-outa 2002 2005 2010

Number of Residential Dwelling Unitsb

26,576 9812 10,175 11,249

Residential Population

68,715 24,352 25,787 29,500
a CWS 2000 Master Plan Update.
b Calculated by dividing total population from HYDRA model by 2.5 for SFR and 2.0 for

MFR, except for Build-out.

Service Areas
Service areas, or sanitary sewer subbasins, represent finite areas within the model that drain
to specified locations. All flow within a service area, generated from the land use informa-
tion, is input to one location in the collection system. Flow input points for the Tualatin
Model are generally at manholes. Attachment B-4 lists service area parameters and con
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necting manholes. Sanitary flows associated with parcels are intersected with service area
boundaries to create injection hydrographs at the connecting manholes. These hydrographs
are stored in the .FLO file in HYDRA. These hydrographs serve as initial conditions for
routing using the HYDRA engine. Hydrographs enter the system with a time delay related
to the travel through small local pipes and service lines to the injection manhole. The travel
velocity is assumed to be 1.5 feet/second. The delay is calculated from the distance between
the centroid of the service area and injection manhole.

Service areas were previously delineated in the CWS Model developed in 2000. These areas,
however, were considered too large to allow for detailed and accurate hydraulic modeling
of sanitary flow conditions associated with future land development. As a result, CWS
Model service areas were discarded and new service areas were delineated.

The extent of the new service areas was the regional UGB. Within the UGB, service areas
were created along tax lot boundaries. Service areas in residential areas typically include ten
to twenty lots. Service areas in commercial, industrial, agricultural, forested, and
undeveloped areas were typically larger.

Topographical contour lines and existing sanitary service line were referenced to ensure
flows generated from individual service areas were input to representative locations within
the collection system. In some cases, the service area included areas served by multiple
sewer lines. Flow from one service area must be injected into the collection system at only
one location. Therefore, a small percentage (<15 percent) of the 8-inch sewer lines did not
carry any flow in the model simulation.

Flows were generally injected into the furthest upstream sewer line at its highest point.
Although the full flow from a service area would not be realized until the downstream end
of the service area, this approach conservatively assumes the full service area flow
throughout the pipeline subsystem. The effect this may have on hydrograph timing in the
larger trunk lines is assumed to be negligible, given the relatively short travel times from the
upstream to downstream end of an individual service area.

Two additional sources of sanitary flow were injected into the collection system without
development of a service area. The City of Durham flows and the proposed URA flows were
developed as hydrographs and injected to manholes directly. See Attachment B-5 for
worksheets with calculations for the injected flows.

Several parameters were associated with the service areas for this study. In addition to the
flow injection location, infiltration and storm-related inflow are characterized using the
service area layer.

Infiltration and Inflow
Approach
Within HYDRA, each service area is assigned several parameters related to infiltration and
inflow. These are stored in the Defects.dbf database file. Since wet weather infiltration and
storm related inflow have a large impact (typically greater than sanitary dry weather flow)
on the ultimate design flows used for selection of improvements, it is important to develop
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this database with information that is as accurate and site-specific as possible. However,
given the difficulty in accurately relating measured surface precipitation to flow in a
particular part of the collection system, this component of the model is also used as a
calibration variable for matching modeled and observed flows within the system. For the
current study, no additional flow monitoring data were available beyond that collected by
CWS for the 2000 Sewer Master Plan Update dating from 1990-1999, and therefore no model
calibration was completed. The methodology used by CWS for the 2000 Sewer Master Plan
Update was duplicated with minor changes due to changes in the service area scale. A brief
summary of the CWS approach follows.

In general, flow data collected at locations within the CWS study area were used to develop
the following parameters for each service area:

•  Average wet weather infiltration rate in gallons per day (WET_Q field).

•  Equivalent impervious area for each service area that generates stormwater entering the
system as storm-related inflow (RAP_AREA field).

•  Lag time in hours from start of storm to start of storm related infiltration appearing in
the collection system (RAP_BEGIN field).

•  Lag time in hours between maximum rainfall intensity and maximum rapid infiltration
response (RAP_MAX field).

•  Time from the ending of the storm to the end of the infiltration response (RAP_END
field).

The Tualatin sewer system is assumed to be fully separated between storm and sanitary
flows, so direct runoff calculations were not included in the model. This is consistent with
CWS. The data analysis performed for each monitoring site by CWS was used to prepare the
database for the Tualatin model. Each monitoring station corresponds to a “sewershed”
draining to the monitor location. Each service area was tagged with the corresponding
monitoring station sewershed that the service area is within. The calculated parameters for
that monitoring station were then applied to each service area, with the wet weather
infiltration rate expressed as an area-weighted fraction of the total at the monitoring site.
Likewise, the equivalent impervious area was calculated as a percentage of the total area in
the CWS analysis. That same percentage was applied to the smaller service areas for the
Tualatin wastewater collection system model.

This approach raised a few issues regarding scale. Without monitoring data at the service area
scale, no better information exists regarding the infiltration and inflow parameters. However,
one must assume that the hydrograph travel time between the upstream edge of an individual
service area and the location where monitoring occurred must be small relative to the lag
times calculated at the monitoring locations. Similarly, the storage provided by the additional
modeled piping must be assumed to have a negligible effect on the hydrograph shape. These
assumptions are probably appropriate to the level of accuracy of the modeling effort as a
whole, but more detailed monitoring would be needed to assess their validity.
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Design Storm Criterion
Clean Water Services holds a NPDES permit that requires it to control sanitary sewer
overflows (SSOs) resulting from the 5-year storm event. Overflows include flow bypassed at
the treatment plant, overflows to streams, flooded manholes, and basement backups. The
U.S. Environmental Protection Agency (EPA) and other regulators have identified other
methods of determining SSO control criteria, including receiving water-quality measures
and other storm frequencies. However, the City of Tualatin, as a member agency of Clean
Water Services NPDES permit, must meet the criterion already detailed in the existing
permit that defines the control level and compliance schedule.

The same 5-year, 24-hour design storm that CWS used for the 2000 Sewer Master Plan Update
was used for the current study. In brief, local monitoring data were analyzed for historic
rainfall events that roughly corresponded to a synthetic 5-year 24-hour storm derived from
regional National Oceanic and Atmospheric Administration (NOAA) parameters. From this
analysis, the I/I parameters for each service area were determined and applied in the model.
Then the synthetic storm event was simulated by the model and the results evaluated for
SSOs and related capacity issues. Figure B-4 shows the CWS monitoring stations assigned to
each service area.

There are two important points to consider. First, the CWS study assumes no antecedent
rainfall conditions. For consistency, this approach has been used in this study as well.
Second, the I/I parameters used in the model are based on historic response to
approximately the 5-year event. This response will not be the same as for a more or less
frequent storm event.  According to the CWS 2000 Master Plan Update, an attempt was made
to select characteristic historic events in a uniform and consistent manner.  Figure B-5 shows
the synthetic 5-year, 24-hour storm event. This storm hyetograph is simulated in HYDRA
using the *.STO file.

Data Collection and Update
Significant discussion of the data collection and analysis procedures for determining I/I
parameters is included in the CWS 2000 Sewer Master Plan Update.

Defects Databases
The model uses the Defects.dbf database to access information shown in Attachment B-4
regarding existing condition, 2005, and 2010 defects. Service areas with proposed
developments used wet weather infiltration (WWI -300 gpad) and storm-related inflow (SE-
Defect Ratio—0.0113 acres) consistent with new development parameters in the CWS plan.
These service areas are noted in the database.
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Collection System
The collection system for the Tualatin model includes links (pipes) and nodes (manholes
and lift stations), each within a separate database. The collection system for the Tualatin
model represents all gravity sanitary sewer lines 8-inches and greater in diameter and all
force mains located within the regional UGB. The modeled system includes over 83 miles of
pipe, with 2,059 separate links covering approximately 7 square miles.

The collection system used for the Tualatin model was developed from joining the CWS
model collection system database and the City of Tualatin’s collection system (sewerli and
sewerpt) GIS databases. The CWS model primarily included pipes larger than 8 inches.
Tualatin’s database contained all existing pipe within the regional UGB. For more detailed
information on the two databases see the Review of Existing Information, City of Tualatin Sewer
Master Plan Update, Technical Memorandum.

The key information contained in the links database consists of pipe IDs, upstream and
downstream invert and ground elevations, lengths, slopes, diameters, and as-built IDs. Key
information included in the nodes database consists of manhole IDs, manhole types (man-
hole, diversion, outfall, or pump station), invert and ground elevations, and as-built IDs.

As described in the Review of Existing Information, City of Tualatin Sewer Master Plan Update,
Technical Memorandum, as-builts were reviewed to update the collection system database for
the hydraulic modeling work.

CWS Model Conversion
The HYDRA models used for the CWS 2000 Sewer Master Plan Update were constructed in
HYDRA Version 6.1, the same model used for this study.

Model Adjustments and Expansion
As stated previously, the new model was constructed by joining manhole and pipe data
from CWS’ model and Tualatin’s GIS databases. In essence, the new model is CWS’ model
truncated to include only the area within Tualatin’s UGB. Outside flows were accounted for
by inputting point hydrographs. See the Interbasin Transfers section for more details.

The model was expanded to include all gravity pipe equal to or greater than 8-inch (all force
mains included). Data fields within the model were then verified with as-built drawings and
adjusted accordingly.

Lift Stations
There are nine lift stations in the updated model. Required model input data were taken
from as-built drawings. Table B-11 identifies the nine lift stations and model input data for
inlet and discharge pipes, and wet well sizes. Table B-12 identifies the pump data associated
with the design file of each lift station. Information is listed for two pumps at each station.
In most cases, these are redundant (share identical operation parameters), but a few
locations have different operating characteristics.
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TABLE B-11
Lift Station Pipe and Size Data

Lift  Station
Model ID

(Sy_Name)

Ground Elevation
(Sy_Grup &

_Grdn)

Inlet Pipe
Invert Elev
(Sy_Invup)

Discharge Pipe
Invert Elev
(Sy_Invdn)

Max Wet Well
Volume (cf)
(Sy_Size)

Upper Tualatin/ Sherwood CH3590 130.0 98.2 122.5 1600.0

Cipole CH881 126.0 98.7 121.3 1300.0

Victoria Wood CH1703 259.0 248.0 257.0 942.0

Orchard Hills CH1062 119.9 97.0 115.4 1150.0

Saum Creek CH100 165.0 142.0 161.0 500.0

Sequoia Ridge CH1898 170.0 154.8 154.8 415.0

Borland CH1893 142.6 131.8 132.8 423.0

Foxhill CH583 121.0 91.8 115.0 1108.0

Nyberg CH1165 118.0 103.0 103.5 215.0

Diversions
Four flow-split manholes are present in the updated model. These structures were identified
through as-built review. Manholes containing one inlet at a higher invert elevation than two
outlet pipes at lower invert elevations were considered flow-split (in HYDRA referred to as
diversion) manholes. Several were present in the CWS model. The data for those manholes
were confirmed with as-built information. The HYDRA Sy_NAME and Sy_DES for the four
flow-split manholes are identified in Table B-13. Spreadsheet calculations were used to
determine flow split volumes through each of the manholes. Copies of the spreadsheets are
included in Attachment B-6.
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TABLE B-13
Diversion Manholes

Sy_NAME Sy_DES* Location

23-0041 23-0041_DIV Intersection of SW Tualatin Sherwood Road and SW Teton Avenue.

23-0187 23-0187_DIV West of the intersection at SW Sagert Street and SW Boones Ferry Road on
SW Sagert Street.

24-0156 24-0156_DIV East of Interstate 5, between SW Sagert Street and SW Nyberg Street.

24-0014 24-0014_DIV Intersection of SW Boones Ferry Road and SW Martinazzi Road.

*Flow split file consisting of tabular input of diverted flow volume for a specific inlet volume.

Interbasin Transfers
With the Tualatin and CWS models combined, the model represented an extensive
collection system outside Tualatin’s UGB. The purpose of the updated model, however, is to
focus on the collection system within the Tualatin UGB. Therefore, the collection system
extending outside the UGB was removed from the model, while still accounting for flows
contributing from areas outside the UGB. Flows from these areas were accounted for by
inputting the resulting design storm hydrographs from the CWS model at the nodes where
the collection system extending outside the UGB were deleted. The hydrographs were input
using HYDRA *.SAV files.

The collection system extending beyond the UGB was deleted in six locations, creating six
terminal nodes. At each of these nodes the CWS model hydrograph at the same node was
input into the updated model, ensuring that flows from the deleted collection system were
still accounted for. The nodes containing input CWS hydrographs are listed below in
Table B-14.

TABLE B-14
Node Flow Input Locations

SY_NAME *.SAV File Name
CH3127 CH3127.SAV
CH3391 CH3391.SAV
CH3514 CH3514.SAV
CH770 CH770.SAV

CWS1529 CWS1529.SAV

Project Design File
A copy of the Project.des file for the HYDRA model is provided in Attachment B-7.

Project Command Files
A copy of the Project.cmd file for the HYDRA model is provided in Attachment B-7.







































































































































USR/022890019.DOC

APPENDIX C

Evaluation of Regulatory Issues





REGULATORYTM.DOC 1 156088.20

T E C H N I C A L  M E M O R A N D U M  C

Evaluation of Regulatory Issues
PREPARED FOR: Kaaren Hofmann/City of Tualatin
PREPARED BY: Mark Anderson
SUBMITTED BY: Mark Bransom
DATE: September 11, 2002
PROJECT: City of Tualatin Sewer Master Plan Update

Current Regulations
The Oregon Department of Environmental Quality (DEQ) currently regulates sanitary sewer
overflows (SSOs) in coordination with National Pollutant Discharge Elimination System
(NPDES) permits and according to bacteria specifications of state water quality regulations.

Specifically, DEQ requires that sanitary sewer collection systems do not discharge untreated
wastewater for storm events smaller than the 5-year, 24-hour duration recurrence interval
during the period November 1 through May 21, and, for events smaller than the 10-year,
24-hour duration storm event, during the period May 22 through October 31.

Regulatory Responsibilities
The City of Tualatin sanitary sewer system conveys sewage to the Durham Advanced
Wastewater Treatment Plant (AWTP) for treatment. The Durham AWTP is owned and
operated by the county service district Clean Water Services (CWS). As the NPDES permit
holder, CWS is responsible for meeting the requirements of that permit, current SSO
regulations, and the recently proposed SSO regulations that are pending release for public
comment. The City of Tualatin is responsible for regulatory requirements directly pertaining
to its wastewater collection system, but follows guidelines established by CWS, which
serves as the lead agency.

Proposed Regulations
CWS is in the process of evaluating the proposed SSO regulations and preparing to address
the anticipated requirements. Release of the new regulations has been delayed for more than
a year. The new draft notice is expected to be published in the Federal Register in spring
2003.

City of Tualatin staff met with CWS on August 23, 2002, to discuss the ramifications of SSO
and the Capacity, Management, Operation, and Maintenance (CMOM) Plan . They met to
identify sewer master planning tasks that should be undertaken to address these developing
regulations and to help CWS prepare for the renewal of its NPDES permit.
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Because SSO and the associated CMOM regulations are still under development, it was
agreed that the Tualatin sewer master plan update will address general capacity manage-
ment issues, as has been done in previous plans, but will not address the specific require-
ments of the new SSO rules or CMOM. This approach will support future compliance when
the rules and responsibilities are clearly defined.
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T E C H N I C A L  M E M O R A N D U M  D  

Hydraulic Modeling
PREPARED FOR: Kaaren Hofmann/City of Tualatin
PREPARED BY: Mark Anderson
SUBMITTED BY: Mark Bransom
DATE: December 19, 2002
PROJECT: City of Tualatin Sewer Master Plan Update

Summary
CH2M HILL constructed a hydraulic model of the City of Tualatin sanitary sewer collection
system representing existing conditions and projected future conditions. The model was
constructed with the HYDRA 6.1 software package to represent the Tualatin sewer system
infrastructures: pipelines, lift stations, force mains, diversions, and basin transfers. The
model output included graphical profile data, capacity assessments, hydraulic grade line
(HGL) elevations, design flows, hydrographs for each element, and needed pipe sizes to
meet minimum standards.

The collection system was analyzed for a 5-year, 24-hour design winter storm event to
determine design flows for the collection system. Results were evaluated based on an HGL-
related criteria system consistent with the Clean Water Services (CWS) 2000 Sewer Master
Plan Update. Costs were developed for the recommended improvements. 

This memorandum discusses the scenarios modeled, the results of the analyses, and the
evaluation methods for identifying suggested capital improvements and determining costs.
Sanitary flow characteristics, land use, and infiltration and inflow calculations are discussed
in the Technical Memorandum Development of Land Use, Wastewater Generation, and Service
Area Parameters.

Based on City of Tualatin development assumptions, the Tualatin model updated flow
projections for the Lower Tualatin Interceptor. The flows originally projected to occur at
build-out (year 2040) in the CWS 2000 Master Plan Update were updated to occur in 2010.
They are projected to occur sooner because of existing and anticipated growth in industrial
users, especially “wet industry,” as well as the addition of areas outside the current Metro
Urban Growth Boundary into the area served by the Tualatin collection system.
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Hydraulic Evaluation Criteria
Estimated flows in the collection system include sanitary rates derived from parcel-based
flow rates for industrial and residential users imposed on a diurnal curve, and 5-year storm
event flow response with infiltration and inflow (I/I) contributions from each sanitary basin
(service area). CWS holds a NPDES permit that requires them to control sanitary sewer
overflows (SSOs) resulting from the 5-year storm event. The City of Tualatin, as a member
agency of CWS’ NPDES permit, must meet this permit requirement. For the purposes of
evaluating both the existing collection system and future improvements, no other safety
factors were applied.  Sanitary flows were combined with 5-year storm I/I flows within the
HYDRA model.  In addition, the timing of the storm was calculated to supply the worst case
for each pipe in the collection system rather than reflecting a consistent storm traveling
through the planning area.

Existing pipes were evaluated using the following criteria:

Manning’s n = 0.013
Minimum velocity = 2 feet per second
Maximum d/D = 0.9

Routing delays that will occur in the small-diameter pipelines of the collection system not
included in the hydraulic model were computed using an overall velocity of 1.5 feet per
second, traveling from the centroid of the service area to the injection point in the collection
system.

Pipe sizing for proposed improvements was performed by HYDRA based on the criteria
described above.  For the sizing analysis, it was assumed that sewers would be replaced at
existing grades and alignments, although alternate routing was evaluated for some
recommended improvements.

Hydraulic Modeling Scenarios
This master planning effort seeks to identify any deficiencies in the existing collection
system, as well as project future conditions and evaluate the system’s capacity relative to
future development within the planning area. Once these projected deficiencies are
identified, capital improvement projects and priorities can be recommended.

For each scenario, command files were generated within the HYDRA software. These input
files collect information from the collection system and service area databases, flow files,
design file (containing lift station and diversion data), and command file (containing
injection point flows and other special analysis commands).  Table D-1 summarizes the
model scenarios and runs performed.
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TABLE D-1
Summary of Model Scenarios and Model Runs

2002 2005 2010 Build-out*

Description Year 2002, Existing
system

Year 2005, Existing
system

Year 2010, Existing
system

Build-out (2040
growth plan),

existing system

System Database SY_EXIST.dbf SY_EXIST.dbf SY_2010.dbf SY_D.dbf

Defect Database DEFECTS.dbf DEFECTS.dbf DEFECTS.dbf DefectsB.dbf

Service Area
Database

SE_EXIST.dbf SE_EXIST.dbf SE_EXIST.dbf SE_EXIST.dbf

Parcel Database LU_EXSTG.dbf LU_2005.dbf LU_2010.dbf Lu_Bout.dbf

*.flo Files SAN_2002.flo

Defects.flo

SAN_2005.flo

Defects.flo

SAN_2010.flo

Defects.flo

SAN_2002.flo

DefectsB.flo

Storm File 5Yr24Hr.sto 5Yr24Hr.sto 5Yr24Hr.sto 5Yr24Hr.sto

Run_ID in
Project.mdb

1 2 3

*From CWS 2000 Sewer Master Plan Update.

HGL Analysis and Improvement Ranking System
Sewer system improvements and phasing priorities were selected based on an analysis of
the peak HGL for each segment of the system. The methodology for this approach is
consistent with procedures outlined in the CWS 2000 Sewer Master Plan Update. The HGL
criteria are summarized in Table D-2, and illustrated in Figures D-1, D-2, and D-3.
Significant increase in HGL is defined as a condition where the slope of the HGL is greater
than five times the physical pipe slope.

For each planning year, the HGL ranking was computed. Per CWS, the structure will only
be recommended for improvement if two conditions occur: (1) the HGL rank is one of the
five improvement conditions listed in Table D-1, and (2) the peak flow exceeds the
maximum allowable capacity of the pipe.

An analysis tool was developed for use within Microsoft Access to extract results from the
Project.mdb database and identify the time and condition when improvements should
occur. The programming code for this tool is included as Attachment D-1. The tool has been
included in the Project.mdb file and should be run from that location. The tool identifies
those gravity pipes that meet the CWS criteria for improvements in one of three model runs,
corresponding to the 2002, 2005, and 2010 scenarios. A summary table of these results is
then constructed.
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Figure D-1 8 1/2 by 11
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Figure D-2 —8 1/2 by 11
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Figure D-3 — 8 1/2 by 11
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TABLE D-2
 Definition of Hydraulic Grade Line Ranking

Rank Description Improve? HGL Freeboard*

LS HGL daylights with significant HGL
increase
(HGL elevation > ground elevation)

Yes Less than zero feet (above
ground surface)

LH HGL daylights
(HGL elevation > ground elevation) Yes Less than zero feet (above

ground surface)

HS High HGL with significant HGL increase Yes Between 0 and 3 feet

HH High HGL Yes Between 0 and 3 feet

IS Intermediate HGL with significant HGL
increase Yes Between 3 and 10 feet

IH Intermediate HGL No Between 3 and 10 feet

DS Deep HGL with significant HGL increase No Greater than 10 feet

DH Deep HGL No Greater than 10 feet

OK No surcharging No HGL is within pipe crown

*Difference in elevation between ground surface and hydraulic grade line.  

A new build-out model was not developed for this study. Instead, the build-out model
developed by CWS, intended to represent the Growth 2040 land use plan is attached by
reference. Discussion of development of that model is included as Attachment D-2. For
consistency, 2010 results were used for construction cost estimates, although some pipes
may require a larger diameter in the CWS build-out condition.

Analysis of Rehabilitation Needs
CWS performed flow monitoring for the entire Durham Advanced Wastewater Treatment
Plant service area, identifying areas of the large-diameter system needing rehabilitation to
reduce or eliminate excessive I/I contribution. The CWS 2000 Sewer Master Plan Update did
not identify any areas in the Tualatin planning area that require rehabilitation. The current
hydraulic modeling effort is based, in part, on the same monitoring data, so no excessive I/I
is reported in the most recent results. However, the accuracy of the measured monitoring
data is not greater, even with smaller diameter system modeled. Local rehabilitation projects
may be identified by field observation and monitoring. Areas already identified by City staff
as problem areas have been included in the capital projects plan.

New Development Design I/I
New developments were assumed to include an I/I contribution of 300 gallons per acre per
day (gpad) base infiltration flow. In addition, storm-related inflow (SRI) was calculated
using an equivalent impervious area approach, consistent with HYDRA modeling
techniques. The equivalent impervious area for one acre is 0.0113 acres, or 492 square feet.
The peak intensity for the design storm is 0.51 inches/hour (1-hour time step). This is
equivalent to a rate of 1.02 ft/day or 332,000 gpad of precipitation. Multiplying this value by
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the equivalent impervious area (492 sq. ft) results in net SRI of 3750 gpad. Combined with
the base infiltration, this results in a design I/I peak flow of 4050 gpad.  CWS criteria require
allowance for 4000 gpad for new development.

Lift Stations, Siphons, Diversions, Force Mains, and New Development Collection
Systems
Lift stations were modeled per existing operating conditions and pump constraints.
Modeling was not performed to address possible upgrades needed to accommodate new
development or size pump stations or force mains needed to lift flows from new
developments to the existing system. CWS operates and maintains all but one lift station
within the Tualatin service area. CWS is currently evaluating the possible elimination of one
or more pump stations feeding into the Nyberg Trunk line system. These preliminary
evaluations also have not been incorporated into the current assessment. 

The siphon under the Tualatin River on the Lower Tualatin Interceptor is modeled as an
equivalent gravity pipe. The actual system is a three-barrel siphon with a 10-, 14-, and 16-
inch pipe. In HYDRA, which does not model siphons, the system is modeled as a 21-inch
gravity sewer. This approach is consistent with CWS modeling approach and was not re-
evaluated for this study. CWS identifies this siphon as requiring expansion to accommodate
build-out flow conditions. The current analysis shows that the siphon does require excessive
head to push the required flow. Both the hydraulic characteristics and
expansion/replacement costs of the siphon structure require further evaluation to properly
determine necessary improvements and expense.

No new diversions or changes to hydraulic behavior of existing diversions were evaluated.

Although new collection system pipes will be required to serve new development,
particularly for the proposed URAs, these were not included in the HYDRA model. The
actual pipe configuration is largely dependent on land use type and location, site grading,
and other factors not readily available. Instead, point flows are estimated and injected into
the existing system to evaluate the impacts of these new growth areas on the existing
infrastructure. Figure D-4 shows a conceptual view of the recommended strategy for
addressing sanitary flows from growth nodes south and west of the current UGB. This
approach was used to model the flow contribution from the URAs.

Modeling Results
Multiple model runs were performed to identify locations where system capacity does not
meet CWS HGL criteria. Deficiencies were assessed based on the 5-year, 24-hour design
storm condition and three population and development levels:

•  Existing (year 2002), population 24,352
•  Year 2005, population 25,787
•  Year 2010, population 29,500

In general, it was projected that commercial and industrial development will contribute a
larger portion of increased flows than residential population growth. 
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The build-out scenario evaluated by CWS was incorporated into the study by reference. The
build-out scenario was expected to serve a population of 68,715 and was projected to occur
by 2040. The build-out scenario was used only for comparison of required size
improvements identified by the three scenarios modeled (existing, 2005, and 2010).

The capacity deficiency results for 2002 land use conditions are illustrated in Figure D-5. The
results for 2005 and 2010 are illustrated in Figures D-6 and D-7, respectively.  

A table of these results is included as Attachment D-3.  

A field investigation was performed, verifying preliminary model results against field
measurements.  This investigation is detailed in Attachment D-4.

Improvement Recommendations
Table D-3 shows the recommended system improvements needed to meet projected
capacity requirements based on the HGL ranking system described above.  A sample design
hydrograph is shown in Figure D-8.

TABLE D-3
HGL Conditions and Priority Rankings of Recommended Improvements

HGL Conditiona

Project Name 2002 2005 2010
Priority
Rankb

Project
Length

(ft)

Required
Pipe Size

(in)

Bluff/Cipole Trunk LS + capacityc LS + capacity LS + capacity 1 8,075 36–42

Boones Ferry Road LH + capacity LH + capacity LH + capacity 2 1,786 10–15

65th Avenue lateral HS + capacity HS + capacity LS + capacity 3 165 18

Lower Tualatin
Interceptor

HH + capacity HH + capacity LS + capacity 4 3,692 36–48

Nyberg Trunk HH + capacity HH + capacity LS + capacity 5 6,566 24–30

Boones Ferry
Lateral

IS + capacity IS + capacity IS + capacity 6 286 10

Bluff/Cipole Lateral HH HH LS + capacity 7 5,226 18–36

SW 103rd Avenue No
surcharging

No
surcharging

IS + capacity 8 278 10

Total 26,074
a HGL condition based on HYDRA model results. See Table 3-1 for definitions and priority order.
b Priority rank based on CWS criteria for order of improvement. All needed improvements for a planning

year are addressed before assessing the next modeled planning year

c  Maximum capacity is pipe flow calculated at 0.9 water depth/pipe diameter (d/D).  The “+ capacity”
designation indicates the design flow required to flow through the pipe exceeds the calculated maximum
capacity.
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T E C H N I C A L  M E M O R A N D U M  E

Data Management Plan
PREPARED FOR: Kaaren Hofmann/City of Tualatin
PREPARED BY: David Cautley
SUBMITTED BY: Mark Bransom
DATE: July 12, 2002
PROJECT: City of Tualatin Sewer Master Plan Update

Introduction
This document sets forth the information management plan for the Sewer System
Evaluation Study and Master Plan Update project. It also makes recommendations to the
City for future City action regarding the management of this and related data, but it is not
comprehensive in this regard.

This document serves as supplemental project instructions and as a record of the project
work.

The document is being developed in an iterative fashion; that is, early versions will be
released before the document is entirely complete.

Information to Be Managed
Conservation of Data Analysis
The information plan begins with an analysis of the work to be produced as part of the
project, itemizing in particular the maps, tables, databases, and figures that need to be
produced. Each of these items is reviewed to itemize the information that is required to
produce it. For each information item the project team needs to establish how that item will
be gathered or created. This is documented in a process (which can be a diagram) that
describes how data are gathered from original sources, created where needed, transformed,
and finally assembled into the final output of the project.

The list of sources, transformations, and products is also useful for scoping and controlling
the project.

Sources
The following sources of data will be used. In some cases the data will be available in digital
form; in others it may need to be entered into the computer. When received, these data
should be managed according to the External Data section below.

•  Previous CWS master plan documents
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•  Durham Plant basin hydraulic model

•  CWS and Tualatin GIS mapping, sewer attribute databases

•  CWS capital plan

•  Maintenance records, CCTV tables

•  Drawings and Plans

− Particularly to add 8-inch diameter pipes

•  Metro regional government GIS maps and data

Information Produced
•  Separate land use attributes will be developed for each selected scenario. Land use

characteristics include the City proper but also Urban Reserve Areas (URAs), outside
jurisdictions, and specific wet industry users, such as:

− Stafford Area (URGA 34)
− City of Durham
− Novellus

•  Wastewater flows based upon selected project approach and parameters

•  Updated/expanded sewer system maps and related data attribute databases. Include 8-
inch pipes and related nodes & structures.

Maps and Figures to Be Produced
This is a partial list that will be altered as needed.

Land Use Scenarios
•  Existing service area land use (by zoning designation) and sewer infrastructure (full

size)

•  Future (2005) proposed developments with existing sewer infrastructure

•  Another future (2010) proposed developments with existing sewer infrastructure

Capacity Deficiencies (Low, Medium, or High Risk)
•  Sewer system capacity deficiency for existing land use scenario and sewer infrastructure

•  Sewer system capacity deficiency for 2005 land use scenario with existing sewer
infrastructure

•  Sewer system capacity deficiency for 2010 land use scenario with existing sewer
infrastructure

General Informational
•  Planning area location map with regional features, treatment plant service area, etc.
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•  Service area map showing modeled sewersheds within the City of Tualatin.
•  Monitoring areas map showing assignment of CWS flow monitors for each service area
•  Conceptual design of needed infrastructure to serve proposed URAs

Recommended System Improvement Maps
About a dozen focused half-size (11 by 17) maps showing proposed capital improvements
and relevant site constraints (e.g., wetlands). The exact number of figures will depend on the
results of the project.

Storage of Project Data
Most project data shall be stored on the shared network folder for the project. Only files that
are truly transitory or personal (or to be temporarily taken off site/home to be worked on
then returned) should be on individual computers. The shared network folder is backed up
nightly.

Project staff should consider which data manipulation steps are potentially irreversible, and
take steps to make a copy of any files being manipulated such that they can at least return to
their starting point if a series of steps turns out to be a dead end. These saved files should be
deleted to conserve space and avoid confusion as soon as they are no longer needed.

Definition of Terms
Model, simulation, and base data are defined in Table E-1.

TABLE E-1
Definition of Terms

Model A model is a unique combination of the flow generation scenario and conveyance system. It may
include variations of:

a) current or projected system configuration

b) current or projected flow generation (land use, population, etc.)

c) a specific storm or precipitation event.

Further, a model is a collection of files and folders. The data are typically in a native GIS or
database format that requires translation or processing before it can be acted upon by a model
engine. The data consist of at least:

•  GIS data representing the collection system

•  Flow generation data, including land use

•  Rainfall data representing the storm to be modeled. (This can be shared among several
models. It need not be copied into each model.)

For this project, data are stored in three major formats: MapInfo tables, ESRI Shape Files, and
MS Access databases.

Simulation The files directly read or written by the model engine; represents exactly one combination of a
system, flow generation, and precipitation event.

Base Data Information such as tax lots, roads, etc., that does not vary across models.
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HYDRA Model Project Directory Files
All files required by the model must be stored in the project directory and in some cases, as
noted in Table E-2, must have the specified file name. HYDRA model input files are
described in Table E-2.

TABLE E-2
HYDRA Model Results Files

File name w/.ext Type Type of information stored Comments

<analysis run>.ERR Text Errors during analysis Created if analysis ends with an error

<analysis run>.WAR Text Warnings during analysis

Project.Mdb Database Hydraulic results Can be modified

<analysis run>.RPT Text Formatted results Format specified by user

<analysis run>.RUN Text Summary of run computations User defines level of detail

Out<entity#>.SAV Text Hydrograph of designated nodes or links User defines nodes or links in .cmd file

TABLE E-3
HYDRA Model Input Files

File name with
extension (* = user

defined) Type Type of information stored Comments

LU_*.dbf Database Land use attribute data (population, commercial flow,
area, diurnal curve)

SE_*.dbf Database Service area attribute data (Area, system injection point,
travel time delay)

SY_*.dbf Database Collection system attribute data (size, type, length,
ground elev., invert elev., upstream and downstream
link or node)

Project.DES Text Default design information (roughness, etc.), diurnal
curves, pump stations, diversions

DEFECTS.dbf Database Infiltration and inflow parameters calculated for each
service area but attributed to each link or node

PROJECT.mdb Database Collection system data and results

<layer name>.dxa Text Graphical exchange data for GIS to HYDRA transfer

<layer name>.ent Binary Graphical information for layer transfer Created by HYDRA

PROJECT.ini Text Model run default settings Created by HYDRA

<layer name>.inf Text Index file for accessing layer data tables Created by HYDRA

<layer name>.imp Text Configuration data for translating GIS to HYDRA Created by Layer
Wizard

<layer name>.exp Text Configuration data for translating GIS to HYDRA Created by Layer
Wizard
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TABLE E-3
HYDRA Model Input Files

File name with
extension (* = user

defined) Type Type of information stored Comments

Project.cmd Text Point flow injections and user defined command
paragraphs

<analysis run>.cmd Text Complete set of input data Created by HYDRA—
can be saved and
modified directly for
future runs

Project.set Text Default analysis parameter settings

*.COS Text Design pipe cost functions Optional

*.STO Text Design storm hyetograph

*.FLO Text Sanitary flows from land use/service area intersection or
other method. Defect flows from defects table.

Created by HYDRA
with user inputs

Tools and Data Formats
The selection of tools and data formats for the project are related decisions. They can also
affect staff assignments and viable sources of raw information. Fortunately, tool and data
compatibility is not the issue it once was because most data can be accurately translated
from one format to another.

Translations should be itemized as part of the data management plan.

Tools
Selection of tools will depend on the intersection of the capabilities of CH2M HILL and the
strategically selected tools of the City of Tualatin. More than one tool from a given category
may be used, as each tool has its strengths and weaknesses. Where a particular tool makes a
certain task relatively easy, it may be worth converting data into a format usable in that tool,
and then back again.

Tools to be considered for GIS and data management are:

•  Microsoft Access—for databases and data-centric manipulation of data

•  Microsoft Excel—for limited data storage, computations, and presentation formatting of
tabular data

•  MapInfo—for GIS analysis, mapping, and figures

•  ArcView version 3.x—for GIS analysis, mapping, and figures

In addition to the above, there are some advantages to using the geodatabase file format
offered by the ArcMap 8.x tools. However the newness and general industry inexperience
with some of the features makes this not the best tactical choice for this project. Among
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other things, the HYDRA data loading interface requires the Shape file format. A strategic
implementation of the new file format may be desirable in the future to take advantage of
the stronger database integration and ability to implement collection system integrity rules.

Data Formats
The data storage format choices need to consider all of the tools and process the need to
read or manipulate the data. Unfortunately, this can sometimes force a least common
denominator choice.

Formats to be considered for the project are:

•  CAD drawings; usually AutoCAD but also MicroStation
•  Various ESRI GIS formats, including Shape Files, Coverages and Geodatabases
•  MapInfo tables
•  Access databases

It is not useful to the project to rigidly enforce a particular data format, so long as standard
and reliable conversions among the formats are possible. The project will use whichever
format is useful for each processing step.

Data Version Control
External Data
All data obtained from the City of Tualatin or from other sources for the purpose of this
project will be archived separately in order to be able to determine what was provided. In
no case should the project staff work with the original copy of the data.

This archive may be in a segregated area of the project folders or may be stored on
removable media such as a CD.

The storage scheme should expect multiple versions of the same data, and should record
which version was received on a particular date. In general, a batch of data is received on
one particular date, with several files in that delivery that are usually contained on one or
more disks, sometimes by email attachment.

A suitable folder structure is as follows.
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Client Data

2002_06_15

2002_05_07a

2002_04_01

2002_05_07

File 1
File 2
File 3

File 1
File 2
File 3

File 1
File 2
File 3

File 1
File 2
File 3

External data should be copied to the project working area if there is any possibility of it
being edited during the project. It is acceptable to reference data in the delivery area so long
as they are not changed.

Data Catalogs and Data Dictionary
Key project data should be cataloged. It is not suggested that every work file or temporary
file be fully cataloged and described. However, it is important that data files that are
analogous to engineering calculations or worksheets are documented and preserved. These
are the files that form the basis of recommendations or engineering judgements, or would
need to be checked as part of the routine process of reviewing an engineering calculation or
recommendation.

Files created by the project team and delivered to the City of Tualatin should be formally
documented. This project will not generate complete industry standard Metadata. The City
may want to consider adding rigorous formal Metadata to files that they may publish to the
public or other agencies. Standards for the documentation of GIS data exist. For example:

Federal Geographic Data Committee. FGDC-STD-001-1998. Content standard for digital
geospatial metadata (revised June 1998). Federal Geographic Data Committee.
Washington, D.C.

This system is more complex and expensive than that normally expected for the typical civil
engineering project, but the documentation created should not conflict with federal data
standards.

Metadata explains the meaning and context of a piece of data. The metadata standards
ensure that the geographic data are described in a particular format. The federal metadata
standards and NSDI (National Spatial Data Infrastructure) Clearinghouses help potential
users to search for and find geospatial information and its related data effectively. The NSDI
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was born out of a critical need for an improved means for finding and sharing geographic
data. Its mission is to support public and private sector applications of geospatial data in
such areas as transportation, community development, agriculture, emergency response,
environmental management and information technology. The FGDC (Federal Geographic
Data Committee), which is composed of 14 agencies that produce and use geographic data,
was charged with coordinating the federal government’s development of the NSDI.



USR/022890019.DOC

APPENDIX F

Capital Projects Plan





CAPITALPROJECTSTM.DOC 1 156088.20.09

T E C H N I C A L  M E M O R A N D U M  F

Capital Projects Plan
PREPARED FOR: Kaaren Hofmann/City of Tualatin
PREPARED BY: Mark Anderson
SUBMITTED BY: Mark Bransom
DATE: December 13, 2002
PROJECT: City of Tualatin Sewer Master Plan Update

Summary
The recommended sewer system capital improvement projects are summarized in Table F-1,
which shows the year they are projected to be needed, the proposed year for construction,
project description, and total cost.

TABLE F-1
City of Tualatin Sewer System Capital Improvement Project Cost Estimates
(includes costs to City of Tualatin; does not include CWS cost share) 

Qualifies
for

Improve-
menta

Proposed
Construction

Yearb Summary Description of Projectsc Total Cost

2002 2003

2003

2004

2005

2004

2003

Bluff/Cipole Trunk Line: Increase existing 18–24” line to 36–42” line

Boones Ferry Road Line: Increase existing 8–12” line to 12–15” lined

65th Avenue Lateral Line: Increase existing 8” line to 18” line

Lower Tualatin Interceptor: Increase existing 30” line to 48” line

Nyberg Trunk Line: Increase existing 18” line to 24–30” line

Boones Ferry Road Lateral: Increase of existing 8” line to 10” line

$153,000

$330,000
$31,000

NAe

$1,624,000

$42,000

2005 2005 SW Killarney Lane Septic System Replacement: Replace existing septic
systems with new sanitary collection system and service lateralsf

$450,000

2010 2008

2010

2006

2009

Bluff/Cipole Lateral: Increase of existing 12–21” line to 18–36” line

Extension of Tualatin-Sherwood Trunk Line to URAs, 24” new lineg

Tualatin River Crossing Siphon

SW 103rd Avenue: Increase existing 8” line to 10–12” line

$391,000

$1,406,000

NAe

$45,000
Total $4,472,000
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TABLE F-1
City of Tualatin Sewer System Capital Improvement Project Cost Estimates
(includes costs to City of Tualatin; does not include CWS cost share) 

Qualifies
for

Improve-
menta

Proposed
Construction

Yearb Summary Description of Projectsc Total Cost
aQualifies for improvement for the modeling scenarios developed for the three planning years. Based on hydraulic modeling for the
5-year 24-hour storm and CWS HGL criteria. Year 2002 represents existing population and land use conditions.
bProposed construction years were developed based on the HGL priority ranking of the project and other factors such as logistics,
magnitude of the project, and coordination with other projects. These are estimates only to use for financial planning.
cProjects are listed in order of highest to lowest priority ranking.
dApproximately 80 percent of flow during design event in portion of line requiring improvements originates in City of Durham.
eCWS is responsible for this project, although City may elect to accelerate schedule and split cost.
fNot related to HGL criteria analysis.
gNeeded to serve projected growth in Urban Reserve Areas (URA’s).

Introduction
Hydraulic evaluation of the City of Tualatin’s sanitary sewer collection system resulted in
identification of several capacity-deficient sections of pipe. These were based on the
planning projections described in Development of Land Use, Wastewater Generation, and Service
Area Parameters, City of Tualatin Sewer Master Plan Update, Technical Memorandum B, ranked
by priority using the Clean Water Services (CWS) methodology, as described in the
Hydraulic Modeling, City of Tualatin Sewer Master Plan Update, Technical Memorandum D.

In addition to those projects identified by the modeling process, City staff has identified
other locations requiring maintenance or replacement due to degradation and aging of the
system.

This technical memorandum discusses project design alternatives and construction
limitations. Additional project considerations are evaluated. A new ranking of capital
improvements is proposed based on all these considerations, and cost estimates are
developed for each project.

HGL Prioritization Criteria
Sewer system capacity deficiencies were identified by analyzing peak hydraulic grade lines
(HGLs) with regard to pipe slopes and ground surface elevations (see Hydraulic Modeling,
City of Tualatin Sewer System Master Plan Update, Technical Memorandum, CH2M HILL, 2002).

The deficiencies were categorized according to the method used by CWS (2000 Sanitary
Sewer Master Plan Update). If the modeled HGLs fit five of the ten categories and the peak
flows exceeded the maximum allowable capacity of the pipes, then sewer system
improvements were recommended. Table F-2 shows the five categories that constitute a
needed improvement, ranked by priority, with overflows of the system as highest priority.
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TABLE F-2
Capacity Deficiency Rankings Based on Analysis of Peak Hydraulic Grade Lines

Priority Category Description HGL Freeboard*

1 LS HGL daylights with significant HGL increase
(HGL elevation > ground elevation)

Less than zero feet (above
ground surface)

2 LH HGL daylights
(HGL elevation > ground elevation)

Less than zero feet (above
ground surface)

3 HS High HGL with significant HGL increase Between 0 and 3 feet

4 HH High HGL Between 0 and 3 feet

5 IS Intermediate HGL with significant HGL increase Between 3 and 10 feet

*Difference in elevation between ground surface and hydraulic grade line.
Source: CWS 2000 Sanitary Sewer Master Plan Update.

Project Prioritization
Based on the prioritization criteria, the projects shown in Table F-3 are recommended.

TABLE F-3
Recommended Improvements and Priority Ranking by HGL

Project Name
2002

HGL conditiona
2005

HGL condition
2010

HGL condition
Priority
Rankb

Project
Length

(ft)

Pipe
Size

(inches)

Bluff/Cipole Trunk LS + capacity LS + capacity LS + capacity 1 8,075 36-42

Boones Ferry Road LH + capacity LH + capacity LH + capacity 2 1,786 10-15

65th Avenue Lateral
Line

HS + capacity HS + capacity LS + capacity 3 165 18

Lower Tualatin
Interceptor

HH + capacity HH + capacity LS + capacity 5 3,692 36-48

Nyberg Trunk HH + capacity HH + capacity LS + capacity 6 6,566 24-30

Boones Ferry
Lateral

IS + capacity IS + capacity IS + capacity 7 286 10

Bluff/Cipole Lateral HH HH LS + capacity 8 5,226 18-36

SW 103rd Avenue OK OK IS + capacity 9 278 10

Total 26,074
a HGL condition based on HYDRA model results. Worst case is selected for each project location and planning
year. See Table F-2 for definitions and priority order.
b Priority Rank based on CWS criteria for order of improvement. All needed improvements for a planning year

are addressed before assessing the next modeled planning year.
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Project Analyses
The hydraulic model identifies capacity problems, but can only provide an equivalent pipe
diameter or parallel pipe diameter that meets minimum criteria. Each potential project area
has other mitigating factors, including easement and right-of-way availability, traffic
considerations, construction constraints, and permitting, to name a few. The following
discussion describes some of these issues for each capacity deficient area and identifies a
preferred alternative and concerns to be addressed during predesign of any capital
improvement projects.

Bluff/Cipole Trunk
This project has several construction issues. Portions of the existing gravity sewer run in or
near Hedges’ Creek. Significant lengths are in wetlands and difficult access areas. The City
does not currently have adequate entry to all points of the line. An alternate alignment or
split system allowing new improvements to be constructed at a different horizontal location
might be preferable. Relocating portions of the line to Herman Road or another right-of-way
is attractive, but carries other traffic concerns and space constraints. CWS will have some
cost-sharing responsibility for this project.

Boones Ferry Trunk
Only portions of this line show capacity deficiencies, primarily related to changes in grade
of the line. Shallow bury in some places reduces space available to absorb large events
without experiencing a sanitary sewer overflow. The City currently has construction
projects planned in the vicinity of this line. For planning purposes, it was assumed that this
project could be incorporated into the other capital projects, pushing the construction date
ahead of its hydraulic ranking and potentially minimizing construction costs.

65th Avenue Lateral Line
This short pipe length has larger diameter pipe on either side and is currently capacity-
deficient.

Lower Tualatin Interceptor
This project includes both the gravity sewer and the crossing under the Tualatin River with
associated siphon. City of Tualatin projected land use in 2010 approaches the 2040 condition
described in the CWS 2000 Sewer Master Plan Update. CWS is responsible for improvements
to this line. Parallel piping may be necessary to provide the needed improvements without
significantly disrupting service in this major trunk line. The hydraulic characteristics and
construction requirements for improvement of the siphon structure have not been
thoroughly evaluated. Due to the site-specific nature of the structure, cost estimates cannot
reasonably be developed without some more in-depth study and predesign. The siphon
does not easily correspond to the HGL criteria established by CWS, but with both upstream
and downstream pipes requiring improvements, the siphon should be included in the
surrounding project to minimize costs and additional disruption to the area.
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Nyberg Trunk
This project includes flows from the proposed Stafford area. The existing pipe crosses under
Interstate Highway 5 (I-5) and through wetlands areas. CWS is responsible for improve-
ments to this line and is currently evaluating alternatives for avoiding replacement of the
existing line by re-routing some flows and eliminating one or more existing pump stations.

Boones Ferry Lateral
This short section of pipe meets CWS criteria for improvement, but does not appear to pose
significant threat of experiencing an SSO event. The City currently has construction projects
planned in the vicinity of this line. For planning purposes, it was assumed that this project
could be incorporated into the other capital projects, pushing the construction date ahead of
its hydraulic ranking, and potentially minimizing construction costs.

Bluff/Cipole Lateral
This project is included entirely due to routing recommendations for flows from the
proposed Tualatin-Wilsonville, Tualatin Sherwood, and Tigard Sand and Gravel URAs.
Each of these new development areas has significant issues regarding sewer service from
the Durham Advanced Wastewater Treatment Plant. Each will require lift stations and
significant force main lengths. After reviewing the capacity of existing system connections
and the impacts to existing residences required to meet the proposed additional flows, an
alternate approach is recommended. To serve these developments, improvements would be
required within the boundaries of the new UGB to convey flow from all three nodes to this
lateral line and eventually into Bluff/Cipole Trunk line. An additional trunk line in
Tualatin-Sherwood Road would also be required at the time of development. There are
several advantages to this approach. First, both the physical location and full construction
cost of these projects can be isolated to the new developments, limiting impacts to current
residents. Second, by combining the flows from these developments and injecting them into
the existing system at one location, the number of projects to improve existing facilities is
limited. Except for the lateral line, all the improvements to existing Bluff/Cipole Trunk and
the Lower Tualatin Interceptor were needed to serve the projected growth within the UGB.
The only change is the incremental additional pipe capacity.

Each of these three URAs will likely require one or more lift stations. It is not anticipated
that this alternative will necessarily bring more lift stations into the system than would be
required with separate injection points for each development into the system. Figure D-1 in
the Hydraulic Modeling, City of Tualatin Sewer Master Plan Update, Technical Memorandum D,
shows a conceptual design of collection systems for these areas.

SW 103rd Avenue
This line becomes capacity deficient at the 2010 development scenario, due primarily to
construction of the proposed “Hard Rock Village” multi-family housing development
planned for that area.
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Other Capital Projects
In addition to those projects identified by the modeling process, City staff has identified
other locations requiring maintenance or replacement due to degradation and aging of the
system.

SW Killarney Lane
Approximately 20 homes within the City boundary are currently served by septic sewer
systems. This does not meet current development codes and may pose public health risks
over time. It is desirable that these properties be brought into the collection system grid.
This project has been identified by City Staff and is currently in the 5-year plan for capital
improvements to the sewer system. Cost estimates from the 5-year plan were used for this
plan without further evaluation.

Tualatin-Sherwood Trunk Line Extension
This line would need to be extended approximately 6,300 feet to the west to serve the
proposed URAs to be served by the Tualatin system. This line would only be installed if
those developments occurred and could likely include some cost sharing with potential
developers of those areas. Cost estimates are based on a brief study of potential users in that
area done by CH2M HILL at the City’s request. The study assumed a large percentage of
flow generation from wet industry in that vicinity, resulting in a 24-inc line. This sizing
should be evaluated more closely as land use projections for the URAs become clearer.

Cost Estimates
Unit Costs
Unit costs for new pipe were adopted from the 1995 Collection System Needs Analysis, and
escalated to May 2002 dollars using ENR index factors. The 20-city ENR Construction Cost
indexes of 5443 (for January 1995) and 6578 (for November 2002) were used to compute an
inflation of 19.6 percent. The 1995 cost index was for pipe-in-place, including manholes and
service lateral connections, but did not include engineering, administration, or legal costs.
Twenty-five percent of the calculated construction cost was added to account for these
items. An additional 30 percent was added for contingencies, which may include site
specific restoration or permitting requirements, exceptional soil or traffic conditions and
potential rights-of-way or easement acquisitions. The result is the total projected
expenditure for each project, in 2002 dollars.

The pipe-in-place unit costs (in dollars per lineal foot) for various depths and pipe diameters
are presented in Table F-4.

These order-of-magnitude cost estimates were prepared in accordance with the guidelines
of the American Association of Cost Engineers. The normally expected accuracy of this type
of estimate is within +50 percent and –30 percent.

The cost estimates shown in Table F-4 were prepared for guidance in project evaluation and
implementation from the information available at the time of the estimate. The final costs of
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the project and resulting feasibility will depend on actual labor and material costs,
competitive market conditions, actual site conditions, final project scope, implementation
schedule, continuity of personnel and engineering, and other variable factors. As a result,
the final project costs will vary from the estimates presented here. Because of these factors,
project feasibility, benefit/cost ratios, risks, and funding needs must be carefully reviewed
before making specific financial decisions or establishing project budgets to help ensure
proper project evaluation and adequate funding.

Parallel piping, alternative alignments, and special construction items that require pre-
design to develop reasonable construction costs, such as the Tualatin River siphon, are not
included in the cost estimates. See Attachment F-1 for more detailed cost calculations in the
Project Construction Cost Calculation Worksheet, which also shows pipe diameters required
to meet CWS build-out land use scenario. In some cases, the CWS recommended size is
larger, particularly for the Nyberg Trunk line. In many cases, the CWS size is the same or
smaller than the recommended size to meet the 2010 land use requirements. This is due to
differences in assumptions about type and location of growth and URAs served by the
Tualatin collection system. At the time of design for a specific project, the CWS
recommendations should be thoroughly reviewed before determining the correct size for
construction. For this master plan, costs are based on the required size to meet the 2010
capacity requirements. One additional item has been considered. In some cases, the size
required to meet hydraulic capacity needs for a downstream pipe may be a smaller diameter
than an upstream pipe. This is due primarily to changes in slope condition. This is generally
undesirable for actual construction. For this reason, Table F-4 shows cost required to meet
hydraulic capacity and a separate calculation for cost to meet design criteria. The difference
between the two columns is the cost to upsize certain lines to have consistent construction of
small diameter to large diameter travelling downstream. The “design criteria” calculation
was used to determine the ultimate project cost.

There are also cases where one section of pipe may be adequate for future growth at its
current size, while pipes on either side require improvements. Although it may be desirable
(and potentially less expensive to construct) to replace the intermediate piece, this has not
been included in the construction cost calculation. On the worksheet in Attachment F-1,
pipe sections that meet this condition are noted by identification number with a comment
“Does Not Meet HGL Criteria,” but these sections are not included in the cost calculation.

Project Details
Closeup illustrations of the recommended capital improvement projects are provided in
Figures F-1 through F-10. The figures for capacity-deficiency projects include pipe
diameters, lengths, slopes, 2010 design flows and diameters, and CWS master plan buildout
flows and diameters.
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113 24 469.862 0.00078 17 42 11 30

224 21 307.794 0.00295 18 42 11 24
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112 30 71.97 0.00055 32 48 33 45
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216 30 449.69 0.00091 32 48 34 45

221 30 443.55 0.00096 32 48 33 45
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223 30 413.09 0.00067 32 48 33 48

214 30 453.20 0.00066 34 48 35 48
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Note:  This project will be funded by CWS.
This design data is for information only.
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119 18 99.9875 0.0061 8.0 24 15.8 24

120 18 115.597 0.00224 7.9 24 15.8 30
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Note: The differences in design flow and Clean Water Services Master Plan buildout flow are due to differing
model resolution between the two plans.  
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Note:  This project has been identified and budgeted by City Staff.
No additional evaluation has been performed for alignment and feasibility.
This figure is for information only.
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Note:  The location and sizing of specific improvements for this project are largely dependent on the magnitude and location of flows from
Tualatin-Wilsonville, Tualatin-Sherwood and Tigard Sand and Gravel URA's.  Alternative routing may be appropriate.  
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Note:  This project is dependent on the routing and magnitude of flows from URA developments.  A portion of
the expected flow will be accommodated by the 115th Avenue alignment.  A flow split and additional line capacity
will be required to meet demands. The design diameter is 24", based on expected land use demands.  
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Introduction
This technical memorandum addresses the City’s sewer utility financial condition and its
ability to pay for the capital improvements identified in the Capital Improvements Plan, City of
Tualatin Sewer Master Plan Update, Technical Memorandum F. Beginning with a review of the
past 3 years’ financial history, this memorandum evaluates the City’s current financial
condition as well as the revenue sources available to pay for the City’s capital needs.
Revenues and expenses are projected through FY 2012/2013, and fund balances are
presented. It should be noted that the rate revenue evaluation included in this
memorandum is for planning purposes only and is not intended to represent
recommendations on how to manage the utility’s finances. The purpose of this analysis is to
highlight the fiscal impacts to the utility for implementing the proposed capital projects plan
assuming that current rates are not increased. This analysis does not represent the results
from a full utility rate analysis.

The building blocks of the financial plan are the projections of costs or revenue require-
ments (both operations and maintenance, and capital) that the City will incur during the
10-year planning period (FY 2003/04 through fiscal year FY 2012/13) and the revenues,
under existing rates, that the City expects to generate during the same period. The financial
plan is based on a set of overall assumptions related to customer growth, inflation, and
other factors, as well as the specific phasing of the City’s capital improvement programs.

Past and Present Financial Status
Sewer Utility Historical Financial Performance: Past 3 Years
Sewer Operating Fund
Table G-1 presents a financial summary of the sewer utility’s operating revenues and
expenditures from FY 1999/00 through FY 2001/02. Revenue and expenditure data for the
sewer system were provided by the City’s finance department. Total revenues have ranged
from a low of about $3.6 million in FY 1999/00 to a high of $3.9 million in FY 2000/01. The
majority of revenues come from payments for regular sewer service. Other sources of
revenue include interest on investments and miscellaneous revenues.
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Total operating expenses, which include materials, supplies, professional services, repair
and maintenance, and capital outlay have ranged from a low of approximately $3.1 million
in FY 1999/00 to a high of $4.4 million in FY 2001/02. The increase in expenses is mostly
attributed to an increase in capital expenditures and professional services in FY 2001/02.
The largest single expenditure each year has been the user charges paid to Clean Water
Services (CWS, formerly Unified Sewerage Agency). Fees paid to CWS ranged from $2.2
million in FY 1999/00 to $2.7 million in FY 2001/02. The City does not have any existing
debt service and pays for capital projects on a pay-as-you-go basis.

As shown, revenues exceeded expenses in FY 1999/00 and FY 2000/01. However, due to the
increased expenditures for capital projects and professional services, the City had to rely on
its reserve in FY 2001/02.

TABLE G-1
Historical Financial Performance, Sewer Operating Fund

Description Actual 99/00 Actual 00/01 Estimated 01/02

Beginning Fund Balance $2,308,308 $2,813,964 $3,354,147

Revenues
User Charges $3,325,197 $3,547,661 $3,619,500
Charges and Fees $61,690 $94,588 $48,000
Other Revenue 204,182 270,596 145,150

Total Revenue: $3,591,069 $3,912,845 $3,812,650

Operating Expenses
Materials and Supplies $2,906,516 $3,286,206 $3,399,138
Professional Services 34,986 58,696 300,000
Misc. Services 0 0 0
Repair and Maintenance 95,718 0 100,000
Transfers 37,902 27,760 0
Capital Outlay 10,291 0 550,000
Contingency 0 0 0

Total Operating Expenses: $3,085,413 $3,372,662 $4,349,138

Operating Income $505,656 $540,183 ($536,488)

Ending Fund Balance $2,813,964 $3,354,147 $2,817,659

Sewer SDC Fund
Table G- 2 presents a financial summary of the sewer utility’s sewer development charge
(SDC) fund from FY 1999/00 through FY 2001/02. Total revenues have ranged from a low
of about $3.6 million in FY 1999/00 to a high of $3.9 million in FY 2000/01. The majority of
revenues come from payments for regular sewer service. Other sources of revenue include
interest on investments and miscellaneous revenues.

Total operating expenses, which include materials, supplies, professional services, repair
and maintenance, and capital outlay have ranged from a low of approximately $433,000 in
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FY 2000/01 to a high of $1.5 million in FY 2001/02. The increase in expenses is mostly
attributed to an increase in SDC transfers to CWS and Lake Oswego. Capital expenditures
also increased in FY 2001/02.

As shown, revenues exceeded expenses in FY 1999/00 and FY 2000/01. However, due to the
increased expenditures for capital projects, the City had to rely on its reserve in FY 2001/02.

TABLE G-2
Historical Financial Performance, Sewer Operating Fund

Description Actual 99/00 Actual 00/01 Estimated 01/02

Beginning Fund Balance $1,854,541 $2,157,198 $2,529,686

Revenues
System Development Charges a $1,176,288 $602,887 $965,500
Industrial Waste Fees 0 0 500
Other Revenue 150,753 202,769 125,000

Total Revenue: $1,327,041 $805,656 $1,090,500

Operating Expenses
Materials and Supplies b $880,194 $410,394 $791,067
Capital Outlay 144,191 22,773 750,000
Contingency 0 0 0

Total Operating Expenses: $1,024,385 $433,167 $1,541,067

Operating Income $296,356 $372,489 (450,567)

Ending Fund Balance $2,157,198 $2,529,686 $2,079,119
a System Development Charges include CWS SDCs, Non-CWS SDCs, and SDC Clackamas
County.
b Materials and supplies includes Reimbursement to General Fund, SDC to Lake Oswego,
and SDC to Clean Water Services.
Source:  City of Tualatin Finance Department

Projected Revenue Requirements
The costs in the plan that are to be funded from annual revenues are referred to as “revenue
requirements” for rate-making purposes. Total requirements are composed of:

•  Operations and maintenance (O&M) costs

•  Annual capital improvement projects funded by rates and reserves

•  Debt service expenditures

•  Transfers to the City’s general and other funds for indirect and direct services provided
to the utility
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In addition, annual requirements include operating contingencies equal to 45 days of O&M
costs. However, 100 percent of annual contingencies are assumed to be unspent and roll
forward to subsequent year beginning balances.

Revenue requirements were projected based on data provided by the City, including his-
torical fund performance from FY 1999/00-FY 2000/01, estimated results from FY 2001/02,
fund projections for FY 2002/03-FY 2006/07, a capital project list for FY 2002/03-FY
2006/07, and the capital improvements plan developed in Capital Projects Plan, City of
Tualatin Sewer Master Plan Update, Technical Memorandum F.

The following general assumptions were used in developing the plan:

•  Customer growth will occur at an average rate of 2.9 percent annually based on
engineering estimates.

•  O&M costs will escalate at annual rates of 5 percent, based on projected inflation and
system growth, and historical trends.

•  Revenues from rates were projected to increase by 1 percent annually to account for
anticipated growth.

•  Interest rate on investments is 3.5 percent.

•  Capital costs will increase at an annual rate of 3 percent to account for inflation.

•  The Future Replacement Fund will receive a deposit of $1.49 million in FY 2002/03 from
the Sewer Operating Fund. These funds are available to pay for future capital
expenditures, including recommended projects listed on the Capital Projects Plan.

•  According to the CIP, most of the proposed projects are necessary to accommodate
forecasted population and commercial growth. Therefore, for this analysis, it was
assumed that all revenues generated through SDCs would be eligible to pay for the
proposed capital projects.

Operation and Maintenance Costs
O&M costs include all costs associated with operating and maintaining the sewer system,
including personnel, materials, services, and operating contingency costs. Capital costs and
transfers to other funds are excluded from O&M costs. Table G-3 shows budgeted O&M
costs for the sewer system for FY 2002/03. Total personnel, materials, services, and
operating contingency costs were approximately $4.2million.

O&M costs (including materials and supplies, professional services, repair and
maintenance, transfers, debt service, and capital outlay) are projected to increase to over
$6.8 million in FY 2012/13 (see Table G-5).
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TABLE G-3
Sewer Fund Operating Expenses, Adopted Budget FY 2002/03

Department/Description Budget FY 2002/03

Materials and Supplies

Reimburse to General Fund 170,453

Reimburse to Engineering 225,054

Reimburse to Operations Fund 207,529

User Charges to Lake Oswego 108,500

User Charges to CWS 2,769,868

Other Misc. Expenses 77,618

Subtotal Materials and Supplies Services 3,559,022

Professional Services

Consultant Services 100,000

Subtotal Professional Services 100,000

Repair & Maintenance

Contracted Repair &Maintenance/Lines 100,000

Subtotal Repair & Maintenance 100,000

Contingency 477,499

Total Sewer Operating Fund $4,244,022

Capital Costs
Capital outlays for projects and equipment totaled approximately $550,000 in FY 2001/02.
Future capital outlay expenditures are based on improvements resulting from the CIP
proposed in Capital Projects, City of Tualatin Sewer Master Plan Update, Technical Memoran-
dum F, along with the City’s existing capital project list. The two sources combined identify
approximately $6.1 million (in 2002 dollars) in capital improvements over the next 10 years.
The projects are necessary to maintain the current level of service provide by existing
facilities, to systematically replace aging facilities, to comply with state and federal
regulations, and to provide capacity to meet the needs of projected growth.

Table G-4 summarizes the capital improvement plan for the sewer system over the next
10 years, in 2002 dollars. For this analysis, it was assumed that the costs of the following
projects would be shared with CWS: Lower Tualatin Interceptor, Nyberg Trunk, Tualatin-
Sherwood extension, and the Bluff/Cipole project. Based on the anticipated project
schedules and an estimated annual capital cost escalation rate of 3 percent, the total
inflation-adjusted 10-year capital improvement plan for the sewer system is approximately
$6.6 million through FY 2012/13.
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The City may be eligible for a combination of lower-interest loans and grants from state and
federal agencies to help cover anticipated cash shortages. The City may also have to issue
debt through the conventional bond market. A discussion of funding programs is included
in a subsequent section of this memorandum. 

Revenues
With limited federal and state assistance available, the City must rely predominantly on
sewer rates to fund the projected system costs over the next 10 years. Sewer service charge
revenues based on existing rates are estimated to be almost $3.8 million in FY 2003/04. This
estimate is based on the City’s existing rate schedule and the current number of units by
customer class generated from the City’s billing system. As the system grows, sewer service
charge revenues at existing rates may increase to about $5.0 million by FY 2012/13.

Non-rate revenues, including interest income and miscellaneous charges, were approxi-
mately $167,000 for the sewer system in FY 2001/02. Interest income is projected to fluctuate
from year to year, depending on the available working capital at the beginning of each year
and the annual increase (or decrease) in operating income. Miscellaneous income was
projected to remain relatively constant over the study period.

Financial Impacts of Capital Projects Plan
Currently, the City has approximately $2.8 million in available working capital in the
operating fund to help pay for capital improvement projects. An additional $2.1 million in
working capital is in the SDC Fund. In 2001/02, the City relied on existing reserves to help
cover operating losses in both the operating fund and the SDC fund due to increased capital
spending. The working capital will continue to be drawn down in 2003 and in future years
to pay for planned capital projects. Under the existing capital project schedule, and
assuming no rate increases are adopted, the City will experience a negative beginning
balance in FY 2005/06. Table G-5 presents the projected sources and uses of funds for the
Sewer Operating Fund, the Sewer SDC Fund, and the Future Replacement Fund.

Federal and State Assistance
One of the most desirable methods of financing planned system improvements is to obtain
grants and/or low-interest loans from federal or state agencies. These funding sources help
to minimize the costs to the local community residents. Although there can be some indirect
costs associated with assistance such as record keeping and administration, in general the
benefits of these financial sources outweigh the costs. The limited availability of such
funding is its major drawback. However, there are a number of different programs that the
City may want to pursue in establishing an overall funding plan. These are listed below.
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Clean Water State Revolving Loan Funds
In the 1970s and 1980s, federal grants were available for certain major utility system
improvements, particularly wastewater treatment facilities, through the Environmental
Protection Agency (EPA) Construction Grants Program. However, in the early 1990s, this
program was replaced with State Water Pollution Control Revolving Funds (SRFs). Under
the SRF program, states were given federal grants to fund loans to communities for water
pollution control projects. Communities that receive SRF loans, then repay them to the state
to create “revolving” sources of assistance for other communities. In most states, the
demands for SRF funds far exceed the available pool of funds.

In Oregon, the Clean Water SRF program is administered by the Department of
Environmental Quality (DEQ). In addition to sewage treatment facilities, eligible projects
include infiltration and inflow projects that are part of a long-term planning process,
nonpoint source projects, and estuary management projects.

In allocating SRF funds, the DEQ considers the following eligibility criteria:

•  Receiving water body sensitivity—Those projects that will enhance water quality in
sensitive waterways are given highest priority. Waterway sensitivity may be established
by total maximum daily loads (TMDLs), or by a number of different waterway
designations, including Wild and Scenic river, State Scenic Waterway, or Outstanding
Resource Waters designations.

•  Enforcement activities and water quality violations—Those projects that are required
to address Environmental Quality Commission (EQC) orders, or to carryout mutual
agreements and orders, are given the highest priorities.

•  Affordability—Priority is given to projects where the resulting user fees would exceed
1.75 percent of median household income in the community.

In order to secure SRF funding, it is necessary for the community to demonstrate that it has
a stable, reliable source for repaying the loans. Therefore, this funding source would need to
be used in conjunction with some other method, like user charges or taxes. Repayment
terms for the loans are 20 years for design and construction projects, and 5 years for facilities
planning projects. The loans carry a one-time fee of 1.5 percent of the funding amount, and
an annual servicing fee of 0.5 percent on the unpaid balance. Interest rates are based on the
average state and local government bond interest rate (2.63 percent for facilities planning
loans and 3.51 percent for design and construction loans in first quarter 2002).

State Economic Development Funding
Limited federal grant and loan funds are still available through funding programs
administered by the Oregon Economic Development Department (OEDD). These programs
include the Community Development Block Grant (CDBG) program, the Water and
Wastewater Financing Program, and the Special Public Works Fund Program.

Eligibility for most of these programs is limited to projects that: 1) benefit low- and
moderate- income persons, 2) serve small, rural communities (i.e., up to 10,000 people) or 3)
create jobs in economically disadvantaged communities. The Water and Wastewater
Financing Program gives highest priorities to projects that are needed to address public
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health hazards. These funding options may not be available to the City because the
population of Tualatin exceeds 10,000 people (22,791 people according to the 2000 census).

Conclusion
The CIP presented in Capital Projects Plan, City of Tualatin Sewer Master Plan Update, Technical
Memorandum F, is anticipated to place financial stress on the City’s sewer utility and will
require additional sources of funds to pay for the improvements. 

The City may wish to consider looking into options other than revenue bonds for lower
costs of capital. Although the competition for state and federal grants or low interest loans is
fierce, it would be worthwhile for the City to begin applying for funds.

The City may also wish to review sewer rates and system development charges with CWS
on a consistent basis to ensure operating revenues are sufficient to cover operating expenses,
future capital projects, and future outstanding debt service.

Additionally, ongoing rehabilitation and replacement projects to repair structural
deficiencies as they develop could be considered periodically for inclusion in capital budget
planning.



Table G-5
Sources and Uses of Funds

FY 2002-03 FY 2003-04 FY 2004-05 FY 2005-06 FY 2006-07 FY 2007-08 FY 2008-09 FY 2009-10 FY 2010-11 FY 2011-12 FY 2012-13
Operating Fund
Sources of Funds:
Beginning Balance $2,817,457 $477,499 $526,897 $571,866 $306,915 ($4,016) ($208,970) ($971,203) ($1,470,175) ($3,699,110) ($4,424,440)
Sewer User Charges 3,794,890 3,900,447 4,009,065 4,120,833 4,235,842 4,354,186 4,475,963 4,601,271 4,730,212 4,862,894 4,999,422
Interest Revenues 84,524 2,279 0 7,073 1,518 0 0 0 0 0 0
Charges and Fees 33,000 33,990 35,010 36,060 37,142 38,256 39,404 40,586 41,803 43,058 44,349
Other Revenues 150 155 159 164 169 174 179 184 190 196 202
Transfers from SDC Fund 0 600,000 750,000 400,000 200,000 200,000 200,000 200,000 200,000 200,000 200,000
Transfers from Future Replacement Fund 0 250,000 1,325,000 0 0 0 0 0 0 0 0
Total Sources of Funds $6,730,021 $5,264,370 $6,646,130 $5,135,996 $4,781,585 $4,588,600 $4,506,575 $3,870,838 $3,502,031 $1,407,037 $819,534
Uses of Funds:
Materials & Supplies $3,559,022 $3,736,973 $3,923,822 $4,120,013 $4,326,013 $4,542,314 $4,769,430 $5,007,901 $5,258,296 $5,521,211 $5,797,272 
Professional Services 100,000 105,000 110,250 115,763 121,551 127,628 134,010 140,710 147,746 155,133 162,889
Misc. Services 0 0 0 0 0 0 0 0 0 0 0
Repairs and Maintenance 100,000 105,000 110,250 115,763 121,551 127,628 134,010 140,710 147,746 155,133 162,889
Capital Outlay 1,000,000 790,500 1,929,942 477,544 216,486 0 440,330 51,691 1,647,353 0 0
Transfers 0 0 0 0 0 0 0 0 0 0 0

Future Replacement Deposit 1,493,500 0 0 0 0 0 0 0 0 0 0
SDC Fund 0 0 0 0 0 0 0 0 0 0 0

Ending Balance (7,501) 53,229 74,515 (215,304) (552,346) (784,716) (1,575,737) (2,104,935) (4,365,608) (5,124,263) (6,038,332)
Operating Contingency (45-day cash reserve) 485,000 473,668 497,351 522,219 548,330 575,746 604,534 634,760 666,498 699,823 734,814

Total Uses of Funds $6,730,021 $5,264,370 $6,646,130 $5,135,996 $4,781,585 $4,588,600 $4,506,575 $3,870,838 $3,502,031 $1,407,037 $819,534
SDC Fund
Sources of Funds:
Beginning Balance $2,079,619 $1,255,000 $865,720 $319,758 $112,560 $104,436 $101,513 $104,104 $112,536 $127,151 $148,308
Utility Services (Connection Charges) 450,000 885,256 910,928 937,345 964,528 992,499 1,021,282 1,050,899 1,081,375 1,112,735 1,145,004
Interest Revenues 62,389 40,208 28,603 12,300 6,163 5,999 5,994 6,157 6,498 7,026 7,754
Industrial Waste Fee 500 500 500 500 500 500 500 500 500 500 500
Total Sources of Funds $2,592,508 $2,180,963 $1,805,751 $1,269,904 $1,083,751 $1,103,435 $1,129,289 $1,161,660 $1,200,909 $1,247,413 $1,301,566
Uses of Funds:
Materials and Supplies $366,834 $715,244 $735,993 $757,344 $779,314 $801,922 $825,186 $849,124 $873,757 $899,105 $925,188
Contingency 970,674 0 0 0 0 0 0 0 0 0 0
Transfer to Operating Fund 0 600,000 750,000 400,000 200,000 200,000 200,000 200,000 200,000 200,000 200,000
Ending Fund Balance 1,255,000 865,720 319,758 112,560 104,436 101,513 104,104 112,536 127,151 148,308 176,379
Total Uses of Funds $2,592,508 $2,180,963 $1,805,751 $1,269,904 $1,083,751 $1,103,435 $1,129,289 $1,161,660 $1,200,909 $1,247,413 $1,301,566
Future Replacement Fund
Sources of Funds:
Beginning Balance $0 $1,493,500 $1,288,305 $1,954 $2,013 $2,073 $2,135 $2,199 $2,265 $2,333 $2,403 
Transfers from other funds

Sewer 1,493,500 0 0 0 0 0 0 0 0 0 0
Interest 0 44,805 38,649 59 60 62 64 66 68 70 72
Total Sources of Funds $1,493,500 $1,538,305 $1,326,954 $2,013 $2,073 $2,135 $2,199 $2,265 $2,333 $2,403 $2,475 
Uses of Funds:
Capital Improvements $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 
Transfer to:

Operating Fund 0 250,000 1,325,000 0 0 0 0 0 0 0 0
Ending Balance 1,493,500 1,288,305 1,954 2,013 2,073 2,135 2,199 2,265 2,333 2,403 2,475
Total Uses of Funds $1,493,500 $1,538,305 $1,326,954 $2,013 $2,073 $2,135 $2,199 $2,265 $2,333 $2,403 $2,475 
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