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EXECUTIVE SUMMARY 
 
Authorization 
 
In February 2004, the firm of Murray, Smith & Associates, Inc. (MSA) was authorized by the 
City of Sherwood to prepare this Water System Master Plan. 
 
Purpose 
 
The purpose of this study is to perform a comprehensive analysis of the City of Sherwood’s 
water distribution system, to identify system deficiencies, to determine future water 
distribution system supply requirements, and to recommend water system facility 
improvements that correct existing deficiencies and that provide for future system expansion.  
The planning and analysis efforts include consideration of the ultimate integration of 
recommended distribution system improvements with the City’s long-term water source and 
supply decision. 
 
Planning Period 
 
The planning period for this master plan is approximately 20 years.  Certain planning and 
facility sizing efforts will use estimated water demands at saturation development.  Saturation 
development occurs when all existing developable land within the planning area has been 
developed.  The planning period for transmission and distribution facilities is to saturation 
development of the City’s water system planning area.  This assumption allows a 
determination of the ultimate size of facilities.  Typically, if substantial improvements are 
required beyond the planning period in order to accommodate water demands at saturation 
development, staging is often recommended for certain facilities where incremental 
expansion is feasible and practical.  Unless otherwise noted, recommended improvements 
identified in this plan are sized for saturation development within the water system planning 
area. 
 
Background and Study Area 
 
The City of Sherwood’s current water service area includes all areas within the current City 
limits.  The City provides potable water to approximately 15,172 people through 
approximately 4,967 residential, commercial and industrial service connections.  The study 
area of this planning effort is the entire area within the urban growth boundary (UGB), which 
currently encompasses a total of approximately 2,994 Acres. 
 
In October 2000, the City of Sherwood entered into an intergovernmental agreement with the 
Tualatin Valley Water District (TVWD).  Under the terms of the agreement, included in 
Appendix B of this report, the TVWD will provide a water supply and manage the City’s 
water system.  The agreement ends in September 2005 and may be renewed for two terms of 
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five years each.  The City and District recently approved renewal of the agreement for the 
first of the two additional five year terms provided for in the agreement. 
 
Currently, the City’s primary water supply is from four groundwater wells owned by the City 
and operated by TVWD.  The City also supplements supply from the groundwater wells 
through a 24-inch diameter connection to the City of Tualatin’s 36-inch diameter Tualatin-
Portland supply main.   
  
The City’s water distribution system consists of three service zones supplied by two storage 
facilities and two pumping stations.  One of the service zones is supplied through a 
continuous operation pump station. 
 
Plate 1 of Appendix C illustrates the Sherwood water service area limits, supply connections, 
water system facilities, distribution system piping, and system interties.  Plate 1 is also a 
digital representation of the computerized distribution system hydraulic model used for 
system analysis efforts. 
 
Supply Sources 
 
Groundwater Wells 
 
Sherwood operates four groundwater wells within the City’s water system service area limits.  
The wells are used year round and serve as the City’s primary water supply.  Well Nos. 3, 4, 
5 and 6 have an existing combined production capacity of approximately 3.3 million gallons 
per day (mgd).  The groundwater supplies are disinfected through the addition of sodium 
hypochlorite at each well.  Table ES-1 lists the location, pump type, horsepower, year 
constructed, approximate depth, approximate production capacity and casing diameter for 
each of the City’s groundwater wells.  An evaluation of the hydrogeological conditions in the 
study area is included in Appendix D of this report. 
 
The actual production capacity of the City’s groundwater well supply system is limited to 
approximately 1.2 mgd due to aquifer and pumping limitations. 
 
Portland Supply Connection 
 
The City of Sherwood is supplied with water from the City of Portland via the City of 
Tualatin under an agreement with TVWD.  This supply is transmitted through an 
approximately 4-mile long, 24-inch diameter City-owned transmission main from the City of 
Tualatin’s system.  This connection is located in the Tualatin Community Park where the 
Tualatin-Portland supply main connects to the City of Tualatin’s distribution system.  The 
amount of flow through the City’s connection is regulated by a control valve operated by the 
City of Tualatin.  The transmission main runs west along SW Tualatin Road and SW Herman 
Road and south on SW Cipole Road, SW Tualatin-Sherwood Road and SW Oregon Street to 
a connection to the City’s distribution system at the intersection SW Oregon Street and SW  
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Table ES-1 
Groundwater Well Summary 

 

Well 
No. Location Pump Type Hp Year 

Constructed

Production 
Capacity 

(gpm) 

Approx. 
Depth  
(feet) 

Casing 
Dia. 

(inches) 

1 Well Abandoned 

2 Well Abandoned 

3 Intersection of Pine 
and Willamette Street 

Vertical Line 
Shaft Turbine  75 1946 890 319 12 

4 17191  
Smith Road 

Vertical Line 
Shaft Turbine  60 1969 250 458 14 

5 16491  
Sunset Boulevard 

Vertical Line 
Shaft Turbine  150 1984 600 800 16 

6 1830  
Roy Street 

Vertical Line 
Shaft Turbine  75 1997  5501 889 16 

Total Production Capacity (gpm):
(mgd):

 2,290 
 3.29 

Notes:  1.  Production capacity is limited by available water rights. 
 
Murdock Street.  A pressure reducing valve (PRV) at this connection reduces the hydraulic 
grade of the supply to approximately 385 feet above mean sea level (msl).   
 
The City of Tualatin currently wheels, or transmits, up to 3 mgd of water from the City of 
Portland to Sherwood through its distribution system from the Tualatin-Portland supply line.  
This supply is a portion of the Washington County Supply Line capacity owned by the 
TVWD.  The primary water source originates in the City of Portland’s Bull Run Watershed 
and Columbia South Shore Wellfield.  The water source is disinfected through the addition of 
chloramines, a combination of chlorine and ammonia, by the City of Portland.  The City of 
Portland also adjusts the pH of its water supply.  The water wheeling agreement between the 
City of Tualatin and TVWD is included as Appendix E.  This supply is not a guaranteed, 
firm, supply for the City, but is existing unused capacity currently available in the 
Washington County Supply Line system.  When the owners of the supply line system require 
additional supply capacity then the excess capacity currently delivered to the City is likely to 
be reduced or completely unavailable.   
 
Existing Water System 
 
The City of Sherwood’s existing distribution system is divided into three major service 
levels, or pressure zones that are usually defined by ground topography and designated by 
overflow elevations of water storage facilities or outlet settings of pressure reducing facilities 
serving the zone.  The City’s water system contains two reservoirs with a total combined 
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storage capacity of approximately 5.0 million gallons (mg).  The system also contains two 
pump stations.   
 
The water service area water distribution system is composed of various pipe types in sizes 
up to 24 inches in diameter.  The total length of piping in the service area is approximately 
66.6 miles.  The pipe types include cast iron, ductile iron, PVC, and copper.  The majority of 
the piping in the system is cast and ductile iron piping.  Table ES-2 presents a summary of 
pipe lengths by diameter. 

 
Table ES-2 

Distribution System Pipe Summary 
 

Pipe Diameter Estimated Length 
(miles) 

4-inch or Less 1.4
6-inch  1.9 
8-inch  34.8 
10-inch  8.3 
12-inch  13.8 
14-inch  1.0 
16-inch  0.3 
18-inch  1.0 
24-inch  4.1 

Total Length  66.6 

 
Existing Water Demands 
 
Based on the most recent historical water usage patterns and historical population, the water 
service area’s average daily demand is approximately 1.6 mgd with an average day per capita 
consumption ranging from approximately 100 to 120 gallons per capita per day (gpcd) since 
1996.  Recent maximum daily water demand usage has ranged from 2.0 times to 2.5 times the 
average day demand.  This is equivalent to a maximum per capita usage ranging from 230 to 
270 gpcd. 
 
Water Demand Projections 
 
Estimates of future water demands were developed from the City’s present per capita water 
usage data, population forecasts and water demand forecasts prepared for the City through 
previous work.  For the purposes of this plan, estimated average daily water usage is assumed 
to be approximately 120 gpcd.  As conservation plays an increasing role in water usage 
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patterns, it is anticipated that Sherwood’s average daily per capita usage can ultimately be 
reduced to and maintained at 110 gpcd.   
 
For the purposes of this study, current maximum daily per capita usage is estimated at 
approximately 250 gpcd.  As conservation plays an increasing role in water usage patterns, it 
is anticipated that Sherwood’s maximum daily per capita use can ultimately be reduced to 
and maintained at approximately 240 gpcd, even in drought years.  Estimated average and 
maximum daily water demands are developed by multiplying the estimated per capita water 
usage by the anticipated population for that year.  To provide an estimate of peak hourly 
usage, a factor of approximately 1.5 was applied to estimated maximum day demands.  This 
is consistent with water demand patterns of similar communities in the region.  Population 
projections and anticipated water demand, in five year increments through 2025 and for 
saturation development, are summarized in Table ES-3. 

 
Table ES-3 

Population Forecasts and 
Estimated Water Demand Summary 

 
Water Demand (mgd) 

Year Population Average Day 
Demand 

Maximum Day 
Demand 

Peak Hour 
Demand 

2005 15,800  1.9  4.0  6.0 

2010 18,970  2.2  4.7  7.0 

2015 22,130  2.6  5.4  8.1 

2020 25,290  2.9  6.2  9.3 

2025 28,450  3.2  6.9  10.4 

Saturation Development 37,940  4.2  9.1  13.7 

 
Water Supply Source  
 
As previously described, the City’s primary water supply is from City-owned groundwater 
wells.  Based on the water demand estimates and the historical decline in aquifer levels the 
City’s existing supply sources will not be adequate to meet future water demands, so the City 
is exploring several long-term water supply alternatives. In order to be considered a feasible 
option for the City, a long-term water supply source must meet several criteria.  The criteria 
were developed in coordination with City staff, integrating criteria being used by other 
communities in the region. The criteria that will be used to evaluate the supply source options 
are: 
 

• Ability to meet all, or a substantial portion, of the City’s long-term water supply needs 

• Potential for joint development with a partner or partners 
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• Ability to cost-effectively integrate source options into current distribution system  

• Supply source development cost 

• Estimated cost of water 
 
Groundwater Supply Evaluation  
 
The purpose of the hydrogeological evaluation is to assess the potential capacity and 
limitations of the City’s groundwater supply source.  Historical groundwater production rates 
and water level trend data were compiled and analyzed for each of the City’s groundwater 
wells to evaluate the hydraulic response of the Columbia River Basalt Group aquifer 
underlying the City relative to historical and current groundwater pumping rates.  From this 
evaluation it was observed that a distinct overall declining trend in water levels is occurring 
and increases in the rate of water level decline has occurred during periods of peak 
groundwater production by the City.  From the analysis, it was determined that continued 
groundwater production at the current rate will soon require capital investment to maintain 
pumping rates and will likely result in significant loss of production capacity as groundwater 
levels continue to decline.  Development of additional groundwater production facilities, 
such as the Spada well, is feasible, but additional groundwater production will result in an 
increased rate of water level decline and the ultimate loss of production capacity will occur 
sooner than under existing conditions.  The rate of decline is dependant upon actual 
groundwater production.  At the current rate of decline it is anticipated that without 
additional supplies the City will experience potential water shortages within the next five 
years.  A technical memorandum documenting the complete groundwater supply evaluation 
is included in this report as Appendix D.   
 
Supply Source Technical Analysis 
 
Seven supply alternatives are considered for evaluation as long-term water supply sources for 
the City of Sherwood.  The alternatives include the following: 
 

1. Supply from the City’s existing groundwater production facilities and the Spada well 

2. Prospective use of Aquifer Storage and Recovery (ASR) using Sherwood’s existing 
connection to the City of Tualatin that supplies City of Portland water to Sherwood 

3. Supply from the City of Portland Bull Run Watershed and Columbia South Shore 
Wellfield (CSSWF) through the Washington County Supply Line and the City of 
Tualatin 

4. Supply from the Joint Water Commission  

5. Supply from the City of Newberg  

6. Supply from the Clackamas River 

7. Supply from the Willamette River Water Treatment Plant at Wilsonville. 
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A brief description of each supply alternative is presented below, including a discussion of 
existing supply facilities and capacities.  Six planning level criteria were developed to 
evaluate the source of supply options.  These criteria are: 
 

• Supply performance – Water supply source options were evaluated based on their 
ability to provide a portion of the City’s long-term water supply needs.  The City’s 
long-term water supply need is estimated to be 10 million gallons per day (mgd) for 
the purpose of this analysis.   

• Potential for joint development with a partner or partners – Development of proposed 
water supply sources with local or regional partners may present significant 
opportunity for cost savings to the City.  Each supply source was evaluated for 
potential opportunities for joint development. 

• Supply integration into existing distribution system – Each supply source was 
evaluated for ability to integrate the supply option into current distribution system 
operations without the need for additional significant improvements. 

• Estimated cost for supply source development and cost of water – Estimated capital 
costs of supply development were evaluated based on existing available information.  
Costs for development of new facilities and/or expansion of existing facilities were 
compiled and used to develop estimated cost for each supply source.  Cost estimates 
were developed assuming that raw water, treatment and pumping facilities will be 
developed for 5 mgd capacity with provisions for expansion to 10 mgd capacity, and 
transmission facilities will be developed for 10 mgd capacity.  Estimated cost of water 
data for each source was developed from existing available information, including 
current wholesale water rates and previous evaluations of proposed supply sources 
completed for the City and others.  The cost of water estimates presented are for 
comparative uses only, that actual cost of water may vary and will depend on a 
number of factors outside the scope and control of this planning work. 

• Other Factors – Supply option development may involve other factors that will 
directly impact the City’s ability to fully develop the option.  These unique factors 
will be described as they apply to each option. 

 
Supply Source Analysis Summary 
 
Table ES-4 presents a summary of the analysis of the long-term water supply options 
available to the City that can meet the City’s long-term water supply needs.  The City’s 
existing groundwater wells, ASR, and the City of Newberg supply option are not shown as 
these options cannot meet the City’s long-term needs.  Based on the evaluation presented 
above, other options may also be removed from further consideration based on on-going 
evaluations. 
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Table ES-4 
Water Supply Source Option Summary 

 
Supply Source 

Options 
Capacity 

(mgd) 
Ability to 
Integrate 

into City’s 
System 

Cost 
Savings 

with 
Partners 

Project 
Cost 

Range 

Estimated 
Cost of 
Water 

($ per ccf) 

Key 
Issues/Comments

City of Portland 
Water System 10 Yes Yes $31 - 51 

million $1.05 

Size, scope and 
cost of long-term 
supply system 
improvement 
uncertain 

Joint Water 
Commission 10 Yes Yes $58.5 

million $0.07 to 0.90 

System reliability 
and certainty of 
supply for the City 
of Sherwood is 
uncertain 

Clackamas 
River Water 
Supply System 

10 Yes Yes $29 - 31 
million $0.55 to 0.65 

System reliability 
and certainty of 
supply for the City 
of Sherwood is 
uncertain 

Willamette 
River Water 
Supply System 

10 Yes Yes 
$24.5 - 

21.6 
million 

$0.64 to 1.00 

Political and 
public perception 
key issue.  Will 
require a vote of 
approval from 
City residents 

 
Supply Source Development Strategy 
 
The hydrogeologic evaluation found that the aquifers serving as the City’s current supply 
source are experiencing a pattern of water level declines that appear to be correlated to the 
historic use of these aquifers for water supply purposes.  The analysis also found that these 
aquifers do not have the capacity to serve the City’s expanding water supply needs.  It is 
anticipated that the City will need to develop a new long-term water supply within the next 3 
to 5 years. 
 
While a number of the City’s long-term water supply options presented above offer the City a 
reliable long-term water supply source, it is anticipated that for the near term the City’s 
existing groundwater wells will continue to supply water as the City selects, evaluates and 
develops other water supply options.  This need for continued reliance on groundwater in the 
near term and the declining aquifer levels suggests the need to develop a water supply source 
strategy that allows for the ultimate transition to a new source while maximizing the use of 
the existing groundwater wells.  Under current conditions it is anticipated that the City’s 
existing groundwater wells can consistently produce a firm production capacity of 
approximately 1.2 mgd.  With the anticipated addition of the Spada Well and the 
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implementation of certain water rights recommendations it is anticipated that this firm 
groundwater production capacity can be increased to approximately 2 mgd.  Developing and 
maintaining this capacity will require capital investment in the City wells that may range 
from approximately $3.0 to 5.0 million. 
 
The current available supply capacity from Sherwood’s City of Portland supply through the 
City of Tualatin is 3.0 mgd.  The water supply agreement supporting this supply with the 
Tualatin Valley Water District is currently set to expire in the year 2010.  The source 
development strategy anticipates that the supply from the City of Portland system, as 
supplied by the existing transmission and supply facilities will reach capacity by the year 
2010 and that this supply will not be available to the City beyond the year 2010.  It is 
therefore anticipated that a new supply, with an initial supply increment of 5 mgd will be 
brought on line by the year 2010.  At this point the new supply source will be relied on to 
serve the City’s average day needs throughout most of the year and the existing ground water 
wells will be used to provide peak supply during the summer months.  Additional source 
supply increments are added in the year 2025 and 2035 to meet the City’s additional water 
supply needs. 
 
Aquifer storage and recovery (ASR) may provide the City additional flexibility and time to 
develop and implement a long-term water supply source, however, as currently understood 
ASR will not provide the City the needed long-term water supply capacity needed to meet all 
of its water supply needs. 
 
Water Quality Review 
 
As part of the system analysis process a water quality workshop was held with City staff, 
Tualatin Valley Water District staff and members of the master plan development team.  The 
workshop focused on the water quality characteristics of the City’s existing groundwater 
supplies and of all of the City’s long-term water supply options.  The City’s current 
regulatory compliance process was reviewed as were anticipated upcoming near-term and 
long-term water quality regulations.   
 
The City’s long-term water supply options were also reviewed for their water quality 
characteristics.  In light of the City Council’s direction to narrow the long-term water supply 
options to the City of Portland Bull Run Watershed/CSSWF and the Willamette River at 
Wilsonville, water quality discussions will focus on these sources.  A brief discussion of 
water quality characteristics of these two source options is presented below. 
 
City of Portland Bull Run Watershed/CSSWF Supply Option 
 
The City of Portland is supplied water from the Bull Run Watershed and the Columbia South 
Shore Wellfield.  The Bull Run watershed is a protected watershed west of Mt. Hood the City 
of Portland has historically provided finished water that meets all drinking water quality 
standards.  The Columbia South Shore Wellfield consists of multiple wells south of the  
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Columbia River near and adjacent to northeast Portland.  A copy of the City’s 2004 Water 
Quality Report is presented as Appendix K.   
 
Willamette River Supply Option 
 
The City of Wilsonville has been supplied treated Willamette River water since April 2002.  
The Willamette River watershed is the largest in the state and includes a mix of forest, 
agricultural and urban uses.  Since the water treatment plant at Wilsonville began producing 
drinking water the finished water supply has met all drinking water standards.   
A copy of the City of Wilsonville’s 2004 Water Quality Report is provided in Appendix L.   
 
In May 2005 the Tualatin Valley Water District completed a water quality comparison of 
three of the region’s water sources:  the City of Portland supply, the Joint Water Commission 
supply and the Willamette River supply.  The comparison tabulated a side by side 
comparison of all currently regulated water quality parameters and a number of currently 
unregulated parameters.  A copy of this comparison is provided in Appendix M. 
 
As part of the master planning work, a water quality workshop was conducted to review current 
water quality concerns of the City’s existing wells and the long-term water supply options.  An 
agenda and summary of this workshop session is presented in Appendix N. 
 
Cost Estimating Data 
 
An estimated project cost has been developed for each improvement project recommendation 
presented in this section.  Itemized project cost estimate summaries are presented in 
Appendix H.  This appendix also includes a cost data summary for recommended water main 
improvements developed on a unit cost basis.  Project costs include construction costs and an 
allowance for administrative, engineering and other project related costs. 
 
The estimated costs included in this plan are planning level budget estimates presented in 
2005 dollars.  Since construction costs change periodically, an indexing method to adjust 
present estimates in the future is useful.  The Engineering News Record (ENR) Construction 
Cost Index (CCI) is a commonly used index for this purpose.  For future reference, the 
January 2005 ENR CCI of 8,165 for the Seattle area construction market (the nearest market 
ENR monitors) was used for construction cost estimates in this report. 
 
Recommended Improvements 
 
General 
 
Presented below are recommended water distribution system improvements for reservoirs, 
pump stations, distribution system water lines and other facilities.  Also presented is a 
discussion of other recommended improvements and programs.  Project cost estimates are 
presented for all recommended improvements and annual budgets are presented for 
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recommended programs.  The recommendations are presented by project type and discussed 
in order of need.  As presented late in this section the City’s long-term water supply source 
options have been narrowed to two alternatives and the City is developing an independent 
process for the evaluation and selection of a final option.  As such, the CIP program 
recommendations presented as part of this master plan will include distribution system 
facility only.  Supply source development funding and capital needs will be determined 
outside of this master plan. 
 
A summary of all the recommended improvements is presented in Table ES-5.  The table 
provides for prioritized project sequencing by illustrating fiscal year (FY) project needs for 
each facility or improvement category.  Those improvements recommended for construction 
beyond FY 2025 are indicated as such.  It is recommended that the City’s capital 
improvement program (CIP) be funded at approximately $920,000 annually for storage, 
pumping and distribution system piping improvements.  While the funding needs for certain 
water system improvements may exceed this amount, the proposed improvements listed in 
Table ES-5 are phased and sequenced so that the ultimate 20-year average annual capital 
requirement is approximately $920,000. 
 
Supply Source Improvements 
 
The seven supply source options and improvement alternatives identified in Section 5 were 
reviewed with City staff, City of Sherwood Planning Commission and with City Council as 
part of a public works session on April 5, 2005.  At the conclusion of this process the City 
Council directed that two options be carried forward for further consideration.  A copy of the 
City Council presentation of April 5, 2005 is provided in Appendix O.  Based on this 
direction it is recommended that the City of Portland supply option and the Willamette River 
supply option be evaluated outside the scope of this master plan as part of a comprehensive 
source evaluation and selection program.  As part of this evaluation it is recommended that a 
wide range of information and data be compiled for consideration and review by City policy 
makers and the citizens of Sherwood.  Included in this information should be water quality 
data cost data and a long-term financial analysis of comparative capital costs and cost of 
water estimates. 
 
Financial Evaluation Overview 
 
The purpose of the financial evaluation is to provide reasonable assurance that the City of 
Sherwood’s Water Fund has and will have the financial ability to maintain and operate the 
water system on an ongoing basis, plus have the financial capacity to obtain sufficient funds 
to construct the water system improvements identified in Section 6.



Capital Improvement Schedule and Project Cost Summary by Fiscal Year

2005/2006 2006/2007 2007/2008 2008/2009 2009/2010 2010/2011 2011/2012 2012/2013 2013/2014 2014/2015 2015/2016 2016/2017 2017/2018 2018/2019 2019/2020 2020/2021 2021/2022 2022/2023 2023/2024 2024/2025 2025+

380-Foot Reservoir No. 3

2,350,000$   2,350,000$   4,600,000$   9,300,000$            

35,000$        35,000$        1,050,000$   1,050,000$   2,170,000$            
Seismic Upgrades

400,000$      400,000$               

Sub-Total 35,000$        35,000$        1,050,000$   1,050,000$   400,000$      -$                  -$                  2,350,000$   2,350,000$   -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  4,600,000$   11,870,000$           

-$                         
Well No. 3 Well No. 4

450,000$      $490,000 940,000$               

Sub-Total 450,000$      490,000$      -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  940,000$               

M-33 M-32

562,716$      522,000$       

M-18

102,180$       

M-7

292,500$       

B-1 B-2

1,653,000$   1,653,000$   166,010$      158,470$      3,630,480$            

-$                         
M-9 M-1 M-2 M-19 M-8 M-13 M-29 M-20 M-22 M-14 M-24 M-16 M-21 M-23 M-28 M-3

33,280$        165,126$      21,060$        426,692$      41,080$        56,784$        54,390$        75,754$        15,582$        49,168$        42,826$        12,446$        55,468$        32,242$        21,854$        148,850$      

M-6 M-10 M-17 M-5 M-27 M-30 M-4 M-11 M-15 M-12

65,390$        10,530$        15,582$        111,930$      24,108$        16,464$        43,810$        40,170$        56,336$        183,300$      

M-25

48,314$         

B-4 B-5 B-6 B-3

89,830$        19,600$        78,302$        154,180$      341,912$               

-$                         
M-34 M-35

487,722$      2,175,000$   2,662,722$            

-$                         

-$                         
 WRPS PRV SW Sherwood PRV

 $      100,000 190,000$      290,000$              

25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        525,000$               

Sub-Total 206,594$      982,396$      2,200,000$   1,843,126$   201,280$      512,722$      451,692$      25,000$        25,000$        76,610$        247,794$      94,972$        100,754$      152,512$      74,168$        111,534$      132,212$      124,278$      2,272,412$   293,190$      669,797$      10,798,046$           

50,000$        50,000$                 

71,500$        71,500$                 

Sub-Total 121,500$      -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  121,500$               

Total 813,094$      1,507,396$   3,250,000$   2,893,126$   601,280$      512,722$      451,692$      2,375,000$   2,375,000$   76,610$        247,794$      94,972$        100,754$      152,512$      74,168$        111,534$      132,212$      124,278$      2,272,412$   293,190$      5,269,797$   23,729,546$        

Old Town Improvement Projects 5 Year Total 7 Year Total 10 Year Total 15 Year Total 20 Year Total

Street Improvement Projects 9,064,896$   10,029,310$ 14,855,920$ 15,526,120$ 18,459,746$ 
Annual Average Annual Average Annual Average Annual Average Annual Average

1,812,979$   1,432,759$   1,485,592$   1,035,075$   922,987$      

1,868,536$            

1,479,396$            

B-8

380-Foot Pressure Zone

380-Foot Pressure Zone

Pressure Relief

City of Tualatin

535-Foot Pressure Zone

Murdock Sub-Zone 
Pressure Relief

455-Foot Pressure Zone

System Expansion 
Improvements

Project 
Location

Estimated 
Project Cost

380-Foot Pressure Zone 
Reservoirs

535-Foot Pressure Zone 
Reservoir

Main Reservoir

Reservoir No. 1

380-Foot Reservoir No. 2

380-Foot Pressure Zone

Booster Pump Stations

Groundwater Wells

Siting and Property Needs

Category
Project 

Description

Distribution 
System     
Piping

Pumping 
Facilities

New ReservoirsStorage 
Facilities

 Reservoir Upgrades

Pump Station 
Upgrades

Other

Water Main 
Replacement

535-Foot Pressure Zone

Transmission 
Improvements

Fire Flow 
Improvements

535-Foot Pressure Zone

455-Foot Pressure Zone

455-Foot Pressure Zone

Pressure Reducing 
Facilities

Distribution System 
Interties
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As discussed in Section 5, the City has explored the feasibility of several long-term water 
supply alternatives to meet the City’s future water demands.  At this point, two water supply 
options have been selected for further evaluation: 
 

• Supply from the City of Portland (four capital cost scenarios, with varying treatment 
processes, are under evaluation) – Preliminary capital cost estimates range from 
$31.0 to $51.0 million, depending upon the ultimate use and selection of a treatment 
process and other factors.  

• Supply from the Willamette River Water Treatment Plant in the City of Wilsonville 
(two capital cost scenarios, with varying transmission routing alternatives, are under 
evaluation) – Preliminary capital cost estimates range from $21.6 to $24.5 million, 
depending upon the transmission routing. 

 
The ultimate cost of capital and/or water costs under each supply alternative is not currently 
known, as additional project details and negotiations are ongoing.  The cost of water to the 
City may also be impacted by how needed supply capacity improvements are funded and 
constructed.  For purposes of providing a potential range of impacts within this Section, 
capital costs for each alternative are amortized over a 20-year period. 
 
As part of this effort, the City planned to have a rate study conducted to include a revenue 
requirement analysis, cost of service analysis, rate design, and system development charge 
(SDC) analysis. Since the supply alternatives are currently under evaluation, the cost of 
service/rate design portions of the study have been deferred until after selection of the supply 
source.  The revenue requirement and SDC analyses have been completed to include the 
impacts of current operations and the water distribution system improvements identified in 
Section 6.  Potential cost impacts integrating the City’ long-term water source and supply 
decision will be briefly discussed. 
 
It is anticipated that rate increases will be needed as the City implements the selected long-
term water supply option.  The financial evaluation did find that the water fund for 
recommended distribution system capital improvements is adequate.  The actual need for and 
extent of water rate increases will vary depending on the ultimate selection and timing of a 
long-term water supply source. 

Study Recommendations 
 
It is recommended that the City take following actions: 
 

1. Formally adopt this study as the City of Sherwood’s Water System Master Plan. 

2. Adopt the prioritized recommended system improvements described in Section 6 
and specifically listed on Table ES-5 as the capital improvement plan (CIP) for the 
water service area. 
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3. Proceed with the evaluation and selection of a long-term water supply option as 
recommended in Section 6 and follow the recommendations generated through 
this process. 

4. Review and update this plan within five to seven years to accommodate changed 
or new conditions. 

 
Summary 
 
Sherwood continues to experience steady population and water demand growth.  This water 
system master plan evaluated the City water system’s ability to adequately meet existing and 
future water needs.  The ultimate completion of recommended improvement to the 
distribution system will ensure that the water system has adequate storage, pumping and 
distribution system piping capacity to meet these needs well into the future.  The City faces a 
major decision in the selection of its long-term water supply option.  Both options 
recommended for further study as part of this master planning effort can ultimately be 
developed to adequately meet the City’s long-term needs.  The financial evaluation found 
that for the recommended distribution system improvement the City currently has adequate 
funding resources.  This financial evaluation further found that the development and 
implementation of a long-term water supply option must include a financial planning and 
analysis element to determine the ultimate impact on City rate payers and to determine 
overall capital funding needs. 
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SECTION 1 
INTRODUCTION  
 
Authorization 
 
In February 2004, the firm of Murray, Smith & Associates, Inc. (MSA) was authorized by the 
City of Sherwood to prepare this Water System Master Plan. 
 
Purpose  
 
The purpose of this study is to perform a comprehensive analysis of the City of Sherwood’s 
water distribution system, to identify system deficiencies, to determine future water 
distribution system supply requirements, and to recommend water system facility 
improvements that correct existing deficiencies and that provide for future system expansion.  
The planning and analysis efforts include consideration of the ultimate integration of 
recommended distribution system improvements with the City’s long-term water source and 
supply decision. 
 
Compliance 
 
This plan complies with water system master planning requirements established under 
Oregon Administrative Rules (OAR) for Public Water Systems, Chapter 333, Division 61.  A 
Water Management and Conservation Plan complying with OAR Division 86 is being 
completed concurrently by the City. 
 
Scope 
 
The scope of work for this study includes the following work tasks: 
 

• Gather Data -- Compile and review existing maps, drawings, plans, studies and 
reports. 

• Develop Inventory of Existing Facilities -- Prepare an inventory of existing water 
system facilities including supply, transmission and distribution piping, storage 
reservoirs, pumping stations, and telemetry and control systems. 

• Develop Population and Water Demand Estimates -- Review information related to 
service area, land use, population distribution, and historical water demands.  Develop 
population projections and water demand estimates for existing and undeveloped 
areas within the City’s water service area. 

• Establish System Analysis Criteria -- Develop system performance criteria for 
distribution and transmission systems and storage and pumping facilities.  Develop 
analysis and planning criteria for pressure zone service pressure limits, for emergency 
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fire suppression water needs, and for water quality goals as well as for other system 
performance parameters. 

• Complete and Calibrate Water System Hydraulic Model -- Prepare of a computerized 
water distribution system hydraulic network analysis model using MWHSoft, Inc.’s 
H2OMap hydraulic modeling software. 

• Review Hydrogeologic Conditions -- Complete a review of local hydrogeologic 
(groundwater) conditions that are critical to the City’s current short-term and long-
term water supply interests. 

• Perform Water System Analysis -- Perform a detailed analysis of the City’s 
transmission and distribution system, analyze storage and pumping capacity needs, 
and evaluate pressure zone limits.   

• Evaluate Unaccounted-for Water -- Evaluate unaccounted-for water, based upon 
historical City water sales, production and purchase records.  

• Review Distribution System Water Quality Issues -- Evaluate the City’s water quality 
program based on anticipated water quality regulatory requirements applicable to the 
City’s water system. 

• Perform a Preliminary Engineering Assessment of Well No. 5 -- Perform a 
preliminary engineering assessment for Well No. 5.  This effort includes a review of 
water quality and well production issues, wellhead access modifications, test pumping 
the well, preparation of design concepts for needed improvements.  

• Develop Recommended System Improvements -- Develop recommended water 
system facilities improvements which correct existing deficiencies and that provide 
for future system expansion. 

• Prepare Capital Improvement Plan -- Develop estimated project costs for 
recommended improvements, recommend project sequencing and develop a Capital 
Improvement Program. 

• Complete a Water Rate and System Development Charge Study -- Conduct a study 
that will include revenue requirement analysis, cost of service analysis, rate design 
and system development charge (SDC) analysis. 

• Prepare Water Distribution System Master Plan Document and System Plan Map -- 
Prepare a water distribution system master plan report that documents and describes 
the planning and analysis work efforts, including a color map identifying all existing 
and proposed water system facilities. 
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SECTION 2 
EXISTING WATER SYSTEM 
 
General 
 
This section describes and inventories the City of Sherwood water service area and water 
distribution system facilities.  Included in this section is a discussion of existing supply and 
transmission facilities, groundwater wells, water rights, pressure zones, storage and pumping 
facilities, distribution system piping, and telemetry and supervisory control systems.   
 
Background and Study Area 
 
The City of Sherwood’s current water service area includes all areas within the current City 
limits.  The City provides potable water to approximately 15,172 people through 
approximately 4,967 residential, commercial and industrial service connections.  The study 
area of this planning effort is the entire area within the urban growth boundary (UGB) as 
illustrated in Figure 2-1. 
 
In October 2000, the City of Sherwood entered into an intergovernmental agreement with the 
Tualatin Valley Water District (TVWD).  Under the terms of the agreement, included in 
Appendix B of this report, the TVWD will provide a water supply and manage the City’s 
water system.  The agreement ends in September 2005 and may be renewed for two terms of 
five years each.  The City and District recently approved renewal of the agreement for the 
first of the two additional five year terms provided for in the agreement. 
 
Currently, the City’s primary water supply is from four groundwater wells owned by the City 
and operated by TVWD.  The City also supplements supply from the groundwater wells 
through a connection to the City of Tualatin’s 36-inch diameter Tualatin-Portland supply 
main.   
  
The City’s water distribution system consists of three service zones supplied by two storage 
facilities and two pumping stations.  One of the service zones is supplied through a 
continuous operation pump station. 
 
Plate 1 of Appendix C illustrates the Sherwood water service area limits, supply connections, 
water system facilities, distribution system piping, and system interties.  Plate 1 is also a 
digital representation of the computerized distribution system hydraulic model used for 
system analysis efforts. 
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Supply Sources 
 
Groundwater Wells 
 
Sherwood operates four groundwater wells within the City’s water system service area 
limits.  The wells are used year round and serve as the City’s primary water supply.  Well 
Nos. 3, 4, 5 and 6 have an existing combined production capacity of approximately 3.3 
million gallons per day (mgd).  The actual production capacity of the City’s groundwater 
well supply system is limited to approximately 1.2 mgd due to aquifer and pumping 
limitations.  The groundwater supplies are disinfected through the addition of sodium 
hypochlorite at each well.  Table 2-1 lists the location, pump type, horsepower, year 
constructed, approximate depth, approximate production capacity and casing diameter for 
each of the City’s groundwater wells.  An evaluation of the hydrogeological conditions in the 
study area is included in Appendix D of this report. 

 
Table 2-1 

Groundwater Well Summary 
 

Well 
No. Location Pump Type Hp Year 

Constructed

Production 
Capacity 

(gpm) 

Approx. 
Depth  
(feet) 

Casing 
Dia. 

(inches) 

1 Well Abandoned 

2 Well Abandoned 

3 Intersection of Pine 
and Willamette Street 

Vertical Line 
Shaft Turbine  75 1946   890 319 12 

4 17191  
Smith Road 

Vertical Line 
Shaft Turbine  60 1969   250 458 14 

5 16491  
Sunset Boulevard 

Vertical Line 
Shaft Turbine  150 1984   600 800 16 

6 1830  
Roy Street 

Vertical Line 
Shaft Turbine  75 1997   550*  889 16 

Total Production Capacity (gpm):
(mgd):

 2,290 
 3.29 

*  Production capacity is limited by available water rights. 
 
Well No. 4 was taken out of service in 2003 when the well pump was removed in preparation 
for reconstruction of the well house and well head.  A preliminary hydrogeological 
evaluation was performed for the well and it was determined that the well upgrades would be 
delayed until the full evaluation of the hydrogeology of the study area could be completed as 
part of this Master Plan.  The District placed the well back in service using the existing well 
pump and re-built motor in May 2004. 
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City and District staff have been operating Well No. 5 at a reduced capacity by throttling the 
isolation valve on the well discharge pipe for several years because of “foaming” problems 
that occurred at higher pumping rates.  A preliminary assessment was performed in 
December 2003 and the “foaming” was identified as entrained carbon dioxide gas.  The 
TVWD is presently installing a new variable frequency drive at the well to manage flows at a 
level that does not cause the “foaming” to occur.    
 
Portland Supply Connection 
 
The City of Sherwood is supplied with water from the City of Portland via the City of 
Tualatin under an agreement with TVWD.  This supply is transmitted through an 
approximately 4-mile long, 24-inch diameter City-owned transmission main from the City of 
Tualatin’s system.  This connection is located in the Tualatin Community Park where the 
Tualatin-Portland supply main connects to the City of Tualatin’s distribution system.  The 
amount of flow through the City’s connection is regulated by a control valve operated by the 
City of Tualatin.  The transmission main runs west along SW Tualatin Road and SW Herman 
Road and south on SW Cipole Road, SW Tualatin-Sherwood Road and SW Oregon Street to 
a connection to the City’s distribution system at the intersection SW Oregon Street and SW 
Murdock Street.  A pressure reducing valve (PRV) at this connection reduces the hydraulic 
grade of the supply to approximately 385 feet above mean sea level (msl).   
 
The City of Tualatin currently wheels, or transmits up to 3 mgd of water from the City of 
Portland to Sherwood through its distribution system from the Tualatin-Portland supply line.  
This supply is a portion of the Washington County Supply Line capacity owned by the 
TVWD.  The primary water source originates in the City of Portland’s Bull Run Watershed 
and Columbia South Shore Wellfield.  The water source is disinfected through the addition 
of chloramines, a combination of chlorine and ammonia, by the City of Portland.  The City 
of Portland also adjusts the pH of its water supply.  The water wheeling agreement between 
the City of Tualatin and TVWD is included as Appendix E.  This supply is not a guaranteed, 
firm, supply for the City, but is existing unused capacity currently available in the 
Washington County Supply Line system.  When the owners of the supply line system require 
additional supply capacity then the excess capacity currently delivered to the City is likely to 
be reduced or completely unavailable.   
 
Water Rights Summary 
 
Table 2-2 summarizes the existing water rights that the City holds.  Sherwood holds four 
groundwater permits and two groundwater registration for a total of 3.82 mgd.  A 
groundwater registration is a claim to appropriate water from a groundwater well which was 
in beneficial use prior to August 3, 1955.  This registration has been filed with the Oregon 
Water Resources Department and entitles the City to a right to appropriate and apply it to 
beneficial use as described in the registration.  The registration is not a final determination 
and is subject to an adjudication process.  The groundwater registration has a tentative 
priority from the date when the construction of the well was started.  A discussion of water  

04-0665.109 Page 2-4  Water System Master Plan 
August 2005 Existing Water System  City of Sherwood 



Table 2-2 
Water Rights Summary 

 

Well 
No. Application Permit Certificate Claim 

Permit Rate  
(cfs) (gpm) 

(mgd) 

Priority 
Date Location 

1 GR1161 -- -- GR1707 0.36(160) 
(0.23) 4/30/22 2S-1W-32-SE NW 

2 GR1160 -- -- GR1706 0.49(220) 
(0.32) 5/12/22 2S-1W-32-SE NW 

3 GR1162 -- -- GR1708 1.14 (510) 
(0.73) 7/25/46 2S-1W-32-SE NW 

3 G9504 G9491 -- -- 0.87 (390) 
(0.56) 11/3/80 2S-1W-32-SE NW 

4 G4777 G4500 40967 -- 0.83 (372) 
(0.54) 2/03/69 2S-1W-31-NW NE 

5 G11347 G10495 -- -- 1.5 (673) 
(0.97) 2/13/85 2S-1W-32-NW SW 

6 G12155 G12546 -- -- 1.23 (550) 
(0.79) 6/27/90 2S-1W-32-SE NE 

 Total Permit Rate (gpm):  
 (mgd):   

 2,875 
 4.14 

 
rights, their status and the need for action and recommendations is presented in Sections 5 
and 6. 
 
Pressure Zones 
 
General 
 
The City of Sherwood’s existing distribution system is divided into three major service 
levels, or pressure zones.  Pressure zones are usually defined by ground topography and 
designated by overflow elevations of water storage facilities or outlet settings of pressure 
reducing facilities serving the zone.  A description of each of the City’s pressure zones is 
presented below and includes a description of the service area, storage facilities, pumping 
facilities and groundwater sources serving the zone. 
 
380-Foot Pressure Zone 
 
The 300-foot pressure zone is the largest pressure zone in Sherwood, and it serves all 
customers below an approximate ground elevation of 250 feet above mean sea level (msl).  
The zone operates at an approximate hydraulic grade line (HGL) of 380 feet.  The zone 
encompasses approximately 2,513 acres and is composed of residential, commercial and 
industrial land uses.  The Main Reservoir serves the 300-foot pressure zone by gravity.  The 
reservoir has an overflow elevation of approximately 380 feet and a total storage capacity of 
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approximately 2.0 million gallons (mg).  All four of the City’s groundwater wells and the 
City’s Tualatin Supply Connection supply the 300-foot pressure zone directly.  
 
455-Foot Pressure Zone 
 
The 455-foot pressure zone includes areas with ground elevations above 250 feet msl on the 
west side of the service area.  The zone encompasses approximately 195 acres and is 
composed primarily of residential land uses and some commercial land uses.  The Kruger 
Road Reservoir was constructed in 2001 to serve the 455-foot pressure zone by gravity.  The 
reservoir has an overflow elevation of approximately 455 feet and a total storage capacity of 
approximately 3.0 mg.  The Wyndham Ridge Pump Station was upgraded in 2001 to enable 
the station to supply water to the new reservoir from the 455-foot pressure zone and to 
provide continuous pumping service to the 455-foot pressure zone if the reservoir is taken 
out of service.  A description of this pump station, including number of pump units, types 
and capacities, is presented later in this section. 
 
535-Foot Pressure Zone 
 
The 535-foot pressure zone includes areas with ground elevations above 250 feet in the 
southeast area of the City.  The zone encompasses approximately 286 acres and is composed 
primarily of residential land uses.  Water service to this zone is provided by continuous 
pumping from the Reservoir Booster Pump Station, located adjacent to the Main Reservoir.  
The pump station provides a static lift of approximately 155 feet, pressurizing water in this 
zone to an HGL of approximately 535 feet.  A detailed description of the Reservoir Booster 
Pump Station is presented later in this section.  
 
Storage Reservoirs 
 
General 
 
Sherwood’s water system contains two reservoirs with a total combined storage capacity of 
approximately 5.0 mg.  Table 2-3 presents a summary of the City’s existing storage 
reservoirs, including capacities, overflow elevations, and pressure zones served. 
 

Table 2-3 
Reservoir Summary 

 

Reservoir 
Name General Location Capacity

(mg) 

Overflow 
Elevation 

(ft) 

Pressure Zone 
Served 

By Reservoir 

Main Reservoir SW Division Street east of  
South Pine Street 

2.0 380 380-Foot 
Pressure Zone 

Kruger Road 
Reservoir 

SW Kruger Road west of 
Highway 99W

3.0 455 455-Foot 
Pressure Zone 
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2.0 MG Main Reservoir 
 
The 2.0 mg Main Reservoir was constructed in 1972 and is located on SE Division Street just 
northeast of the intersection of SW Sunset Boulevard and South Pine Street at the edge of 
Sunset Park.  The reservoir is a partially buried, cast in place, circular prestressed concrete 
reservoir with a diameter of approximately 105 feet and a side wall height of approximately 
31 feet with an overflow elevation of 380 feet.  The reservoir is supplied water from the 
City’s four groundwater wells and the Tualatin Supply Connection.  The Main Reservoir 
serves the Main pressure zone by gravity and supplies the Reservoir Booster Pump Station 
which serves the 535-foot pressure zone.   
 
3.0 MG Kruger Road Reservoir 
 
The 3.0 mg Kruger Road Reservoir was constructed in 2002 and is located approximately 
one-half mile outside of the UGB on the west side of Sherwood on SW Kruger Road.  The 
reservoir has an overflow elevation of approximately 455 feet and a floor elevation of 
approximately 424 feet.  The reservoir is a partially buried, cast in place, circular prestressed 
concrete reservoir with a diameter of approximately 130 feet and a side wall height of 
approximately 31 feet.  The reservoir is supplied water from the Wyndham Ridge Pump 
Station and serves the 455-foot pressure zone. 
 
Pump Stations 
 
General 
 
The City of Sherwood’s water system contains two pump stations.  In Table 2-4, a brief 
description of each station is presented, including the service zone supplied, station 
capacities and number, type and horsepower (hp) rating of existing pump units.   
 
Reservoir Booster Pump Station 
 
The Reservoir Booster Pump Station is located in Sunset Park adjacent to the Main Reservoir 
and houses four frame-mounted end suction centrifugal pumps.  There are three 50-hp pumps 
each with an approximate capacity of 800 gpm and one 25-hp pump with an approximate 
capacity of 400 gpm.  This station is a continuously operating pump station providing water 
to customers in the 535-foot pressure zone.  The 25-hp pump is equipped with a variable 
frequency drive (VFD) and operates continuously to meet instantaneous demands with the 
other pumps operating to meet fire flow and peak demands.  Pump station suction piping is 
connected to the Main Reservoir.  The station provides a static lift of approximately 150 feet, 
pressurizing water in this zone to an HGL of approximately 535 feet.  The pump station is 
equipped with a 250-kilowatt engine-generator set that provides emergency power to the 
pump station. 



Table 2-4 
Pump Station Summary 

 

Pump Station Unit Hp Capacity 
(gpm) Supply To 

1 50 800 
2 50 800 
3 50 800 

Reservoir Booster Pump 
Station 

4 25 400 

535-Foot 
Pressure Zone 

1 40 600 
2 40 600 
3 10 N/A1

4 10 N/A1

Wyndham Ridge Pump 
Station 

5 5 N/A1

455-Foot 
Pressure Zone 

 Notes:  1. Pumps are not used to supply the reservoir during normal operations. 
 
Wyndham Ridge Pump Station 
 
The Wyndham Ridge Pump Station is located on SW Handley Street just west of Highway 
99W and houses five close coupled end suction centrifugal pumps.  Two 40-hp pumps 
supply water from the 300-foot pressure zone to the Kruger Road Reservoir in the 455-foot 
pressure zone.  Each of these pumps has a capacity of approximately 600 gpm.  The required 
pumping head to deliver water to the Kruger Road Reservoir and the 455-foot pressure zone 
is greater than the shutoff head of the two 10-hp and one 5-hp pumps at the station so these 
pumps are currently not utilized.  The pump station is equipped with a 125-kilowatt engine-
generator set that provides emergency power to the pump station.   
 
In the event that the Kruger Road Reservoir is taken out of service, the pump station is 
capable of providing continuous operating pumping to serve the 455-foot pressure zone.  The 
two 40-hp pumps are equipped with VFDs and will operate to maintain pressure and meet 
demands in the 455-foot pressure zone.  
 
Distribution System 
 
The water service area water distribution system is composed of various pipe types in sizes 
up to 24-inches in diameter.  The total length of piping in the service area is approximately 
66.6 miles.  The pipe types include cast iron, ductile iron, PVC, and copper.  The majority of 
the piping in the system is cast and ductile iron piping.  Table 2-5 presents a summary of 
pipe lengths by diameter. 
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Table 2-5 
Distribution System Pipe Summary 

 

Pipe Diameter Estimated Length 
(miles) 

4-inch or Less 1.4
6-inch  1.9 
8-inch  34.8 
10-inch  8.3 
12-inch  13.8 
14-inch  1.0 
16-inch  0.3 
18-inch  1.0 
24-inch  4.1 

Total Length 66.6
 
Telemetry and Supervisory Control System 
 
The telemetry and supervisory control system monitors all storage reservoirs, pump stations 
and well houses within the City’s water distribution system and provides for manual or 
automatic control of certain facilities and operations.  The telemetry system also collects and 
stores system status and performance data. 
 
All facilities are equipped with remote telemetry units (RTUs) that monitor reservoir water 
surface elevations, pump station on/off status and pump station flow rates.  In addition, some 
sites are equipped with intrusion, overflow warning and fire alarms which alert TVWD staff 
to unauthorized access, flooding or fire. 
 
All signals from the RTUs are collected and transmitted to the TVWD Operations Center and 
to a Human-Machine Interface (HMI) located at the City’s Public Works complex which 
enables the City to view the status of the water system.  The system is also capable of 
automatically dialing District officials 24 hours a day in the event that one of the alarms is 
triggered at any of the sites.  Many of the City’s telemetry system facilities have recently 
been upgraded. 
 
Summary 
 
This section presents a summary of the City of Sherwood’s existing water system, including 
the transmission and supply system, system interties, storage and pumping facilities, and 
distribution system piping.  Also included is a discussion of existing groundwater wells, 
water rights, pressure zones and telemetry systems. 
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SECTION 3 
LAND USE AND WATER REQUIREMENTS 
 
General 
 
This section develops population projections and estimated water demands for Sherwood’s 
water service area.  Population and water demand forecasts are developed from regional and 
City planning data, current land use designations, historical water demand records and 
previous City water supply planning efforts.  Also included in this section is a description of 
the water service area limits and a summary of the current land use and zoning designations 
within the service area. 
 
Service Area 
 
The current water service area is the area within the existing City limits.  The City limits are 
bounded by the Urban Growth Boundary (UGB) on all sides except for a small portion of the 
northeast corner which is bounded by the City of Tualatin.  The City of Sherwood water 
system planning area, which includes all area within the current UGB encompasses a total 
area of approximately 2,994 acres.  This total area includes the UGB expansion areas added 
by Metro in 2002. 
 
Planning Period 
 
The planning period for this master plan is approximately 20 years.  Certain planning and 
facility sizing efforts will use estimated water demands at saturation development.  Saturation 
development occurs when all existing developable land within the planning area has been 
developed.  The planning period for transmission and distribution facilities is to saturation 
development of the City’s water system planning area.  This assumption allows a 
determination of the ultimate size of facilities.  Typically, if substantial improvements are 
required beyond the planning period in order to accommodate water demands at saturation 
development, staging is often recommended for certain facilities where incremental 
expansion is feasible and practical.  Unless otherwise noted, recommended improvements 
identified in this plan are sized for saturation development within the water system planning 
area. 
 
Land Use 
 
Land use and zoning classifications for Sherwood’s water system planning area are 
established under the City’s Comprehensive Plan.  Table 3-1 summarizes land uses and 
zoning classifications for the City of Sherwood’s water system planning area.  Zoning 
classifications identified in Table 3-1 are in accordance with the Comprehensive Plan 
designations. 
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Table 3-1 
Land Use Summary 

 

Zone Zoning Description Area within City of 
Sherwood UGB (acres) 

VLDR  Very Low Density Residential 105 
LDR  Low Density Residential 762 

MDRL  Medium Density Residential – Low 186 
MDRH  Medium Density Residential – High 192 
HDR  High Density Residential 161 
NC  Neighborhood Commercial 1 
OC  Office Commercial 17 
OR  Office Retail 0 
RC  Retail Commercial 97 
GC  General Commercial 80 
LI  Light Industrial 231 
GI  General Industrial 260 
IP  Institutional/Public 142 
  UGB Expansion Area 370 
  Existing Rights-of-Way 390 

Total 2,994 
 
Population Estimates 
 
Estimates of the existing and proposed population within the water system planning area 
were developed through a review of existing City of Sherwood planning data, previous water 
supply planning efforts, population forecast data developed by Metro for the region’s water 
suppliers and Portland State University population forecasts.  Estimates of the existing 
population and total number of dwelling units were developed through an analysis of City of 
Sherwood planning data. 
 
Existing Population 
 
The City of Sherwood currently supplies water to approximately 15,172 people in the water 
service area through approximately 4,967 service connections.  Based on a review of City, 
Census and Metro planning data, the number of persons per dwelling unit is approximately 
2.8.  This results in approximately 5,400 existing dwelling units.  The larger number of 
dwelling units relative to the number of service connections reflects single metered 
connections to multi-family dwelling units within the City’s water service area.  Table 3-2 
summarizes historical and current populations within the City’s water service area. 
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Table 3-2 

Historical and Current Population Summary 
 

Year Population 

1996  6,900 
1997  8,125 
1998  9,100 
1999  9,855 
2000  12,230 
2001  12,840 
2002  13,680 
2003  14,050 
2004  15,172 

 
Population Forecasts 
 
Population forecasts at saturation development for the water system planning area have been 
developed and summarized in Table 3-3.  The anticipated saturation development population 
data was developed based on a detailed review of data available from the Metro Regional 
Land Information System (RLIS). A detailed discussion of the methodology used to develop 
an ultimate population projection for the service area is discussed below.  
 

Table 3-3 
Estimated Population and 

Dwelling Unit Summary at Saturation Development 
 

Pressure Zone Total Residential 
Acres 

Dwelling 
Units Population 

380-Foot Pressure Zone  1,075  10,920  30,580 
455-Foot Pressure Zone  239  1,380  3,860 
535-Foot Pressure Zone  308  1,250  3,500 

Total 1,622 13,550  37,940
 
Population forecasts at saturation development for the City’s water system planning area 
were developed by analyzing present zoning classifications for all developed and 
undeveloped residential areas within the UGB.  Residential land use designations include 
VLDR, LDR, MDRL, MDRH and HDR as identified in Table 3-1.   
 
The total number of residential dwelling units anticipated at saturation development was 
determined by multiplying the total area available for each zoning designation by the 
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maximum density per acre for that zoning designation as defined by the City of Sherwood’s 
Zoning and Development Code.  For the Urban Growth Boundary expansion areas, 
approximately 270 acres were assumed to be available for residential development and a 
reduction factor of 20 percent was applied to this available land area to account for right-of-
ways, stream corridors and open spaces.  The estimated total population at saturation 
development was then determined by multiplying the anticipated average number of persons 
per household, from City, Metro and Census 2000 data, by the total number of dwelling units 
calculated above. 
 
Table 3-4 presents a population forecast summary in ten year increments through 2025.  The 
saturation development population previously developed is also presented.  Based on the 
estimated population growth rates, it is estimated that the existing water service area will 
approach saturation development, or build-out conditions in approximately 2040. 
 

Table 3-4 
Population Forecast Summary 

 

Year Population 

2004 15,170 
2005 15,800 
2010 18,970 
2015 22,130 
2020 25,290 
2025 28,450 

Saturation Development (2040) 37,940 
 
For water system planning purposes, it is prudent to use the saturation development 
population forecasting methodology.  This methodology provides for the most economical 
development of water system infrastructure improvements by assuming full occupancy at 
saturation development conditions allowing for actual development to progress without 
incurring additional costs for facility duplication. 
 
Water Demand Estimates 
 
General 
 
Water demand estimates were developed from a review of historical water consumption 
records and data provided by the City and Tualatin Valley Water District (TVWD).   
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Historical Water Usage 
 
The term “water demand” refers to all of the water requirements of the system including 
domestic, commercial, municipal, institutional and industrial as well as unaccounted-for 
water.  Demands are discussed in terms of gallons per unit of time such as gallons per day 
(gpd), million gallons per day (mgd) or gallons per minute (gpm).  Demands are also related 
to per capita use as gallons per capita per day (gpcd).  The Tualatin Valley Water District 
maintains records of historical monthly water usage by City of Sherwood customers.  Table 
3-5 summarizes this data for the years 1996 through 2003. 
 

Table 3-5 
Historical Water Use Summary 

 
Historical Water Demands 

Average Day Demand 
(ADD) 

Maximum Day Demand 
(MDD) Year 

Water Service 
Area 

Population 
mgd gpcd mgd gpcd 

MDD:ADD

1996  6,900 0.7 101 1.7 246 2.4 
1997  8,125 0.9 110 2.2 270 2.5 
1998  9,100 1.1 121 2.2 242 2.0 
1999  9,855 1.2 121 2.4 243 2.0 
2000  12,230 1.4 114 2.8 229 2.0 
2001  12,840 1.3 101 3.2 249 2.5 
2002  13,680 1.4 102 3.3 241 2.4 
2003  14,050 1.6 114 3.5 249 2.2 

 
Existing Water Demands 
 
Based on the most recent historical water usage patterns and historical population, the water 
service area’s average daily demand is approximately 1.6 mgd with an average day per capita 
consumption ranging from approximately 100 to 120 gpcd since 1996.  Recent maximum 
daily water demand usage has ranged from 2.0 times to 2.5 times the average day demand.  
This is equivalent to a maximum per capita usage ranging from 230 to 270 gpcd. 
 
Water Demand Projections 
 
Estimates of future water demands were developed from the City’s present per capita water 
usage data, population forecasts and water demand forecasts prepared for the City through 
previous work.  For the purposes of this plan, estimated average daily water usage is assumed 
to be approximately 120 gpcd.  As conservation plays an increasing role in water usage 
patterns, it is anticipated that Sherwood’s average daily per capita usage can ultimately be 
reduced to and maintained at 110 gpcd.   
 

04-0665.109 Page 3-5 Water System Master Plan 
August 2005 Land Use and Water Requirements City of Sherwood 



For the purposes of this study, current maximum daily per capita usage is estimated at 
approximately 250 gpcd.  As conservation plays an increasing role in water usage patterns, it 
is anticipated that Sherwood’s maximum daily per capita use can ultimately be reduced to 
and maintained at approximately 240 gpcd, even in drought years.  Estimated average and 
maximum day water demands are developed by multiplying the estimated per capita water 
usage by the anticipated population for that year.  To provide an estimate of peak hourly 
usage, a factor of approximately 1.5 was applied to estimated maximum day demands.  This 
is consistent with water demand patterns of similar communities in the region.  Population 
projections and anticipated water demand, in five year increments through 2025 and for 
saturation development, are summarized in Table 3-6. 

 
Table 3-6 

Population Forecasts and 
Estimated Water Demand Summary 

 

Water Demand (mgd) 

Year Population Average Day 
Demand 

Maximum Day 
Demand 

Peak Hour 
Demand 

2005 15,800  1.9  4.0  6.0 
2010 18,970  2.2  4.7  7.0 
2015 22,130  2.6  5.4  8.1 
2020 25,290  2.9  6.2  9.3 
2025 28,450  3.2  6.9  10.4 

Saturation Development 37,940  4.2  9.1  13.7 
 

To provide an indication of the anticipated ultimate water demand within each pressure zone, 
water demand projections identified in Table 3-6 have been further developed for individual 
pressure zones and summarized in Table 3-7. 

 
Summary 
 
This section presents a discussion of existing and projected land uses within the water service 
area.  Estimates of the current and future population are presented along with forecasts of 
water demands.  Section 4 outlines the planning criteria that, in conjunction with the water 
demand estimates developed in Section 3, are used in the system analysis efforts. 
 
As tabulated above the City’s current maximum daily water demand is approximately 4.0 
mgd and the current water system master planning work forecasts a maximum daily demand 
of 9.1 mgd at saturation development within the City’s current UGB.  Very recent 
discussions and reviews by City staff indicates that actual growth may accelerate and that the 
City’s potential long-term supply need may approach a maximum daily demand of at least 
15.0 mgd.  As currently envisioned these increases demand needs may most likely come from 
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potential long-range UGB expansions.  For the purposes of Distribution System Planning 
work recommendations related to monitoring actual growth and planning for accelerated 
growth will be presented in Section 6. 
 

Table 3-7 
Pressure Zone Water Demand Summary 

at Saturation Development 
 

Water Demand (mgd) 

Pressure Zone Population Average 
Day 

Demand 
Maximum 

Day Demand 
Peak 
Hour 

Demand 
380-Foot Pressure Zone  30,580  3.4  7.3  11.0 
455-Foot Pressure Zone  3,860  0.4  0.9  1.4 
535-Foot Pressure Zone  3,500  0.4  0.9  1.3 

Total  37,940  4.2  9.10  13.7 
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SECTION 4 
PLANNING AND ANALYSIS CRITERIA 
 
General 
 
This section develops and presents the planning and analysis criteria used for the water 
distribution system analysis.  The criteria presented in this section are for water supply 
source, distribution system piping, service pressures, and storage and pumping facilities.  
Recommendations for water needs for emergency fire suppression are also presented.  The 
water demand forecasts developed in Section 3 are used with these criteria in Section 5 for 
the analysis of the City of Sherwood’s water distribution system. 
 
Water Supply Source  
 
As described in Section 2, the City’s primary water supply is from City-owned groundwater 
wells.  Given the understanding that the City’s existing supply sources will not be adequate 
to meet future water demands, the City is exploring several long-term water supply 
alternatives. In order to be considered a feasible option for the City, a long-term water supply 
source must meet several criteria.  The criteria were developed in coordination with City 
staff, integrating criteria being used by other communities in the region. The criteria that will 
be used to evaluate the supply source options are: 
 

• Ability to meet all, or a substantial portion, of the City’s long-term water supply needs 
• Potential for joint development with a partner or partners 
• Ability to cost-effectively integrate source options into current distribution system 
• Supply source development cost 
• Estimated cost of water 

 
Distribution System 
 
The water distribution system should be capable of operating within certain system 
performance limits, or guidelines, under several varying demand and operational conditions.  
The recommendations of this plan are based on the following performance guidelines, which 
have been developed through a review of State requirements, American Water Works 
Association (AWWA) acceptable practice guidelines, Insurance Services Office, Inc. (ISO) 
guidelines, operational practices of similar water providers, and discussions with City and 
Tualatin Valley Water District (TVWD) water system operations staff.  The 
recommendations are as follows: 
 

1. The distribution system should be capable of supplying the peak hourly demand while 
maintaining minimum service pressures of not less than approximately 85 to 90 
percent of normal system pressures.  Reservoirs are assumed to be approximately two-
thirds full during peak hourly demand conditions.   
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2. The distribution system should be capable of providing the recommended fire flow to 
a given location while, at the same time, supplying the maximum daily demand and 
maintaining a minimum residual service pressure at any meter in the system of  
20 pounds per square inch (psi).  This is the minimum water system pressure required 
by the Oregon State Health Division.  Reservoirs are assumed to be approximately 
two-thirds full at the start of fire flow events. 

 
Proposed or new water mains should be at least 8-inches in diameter in order to supply 
minimum fire flows.  In special cases, 6-inch diameter mains are acceptable if no fire hydrant 
connection is required, there are limited services on the main, the main is dead-ended, and 
looping or future extension of the main is not anticipated. 
 
Service Zones Pressure 
 
As discussed in Section 2, water distribution systems are typically separated into pressure 
zones or service levels to provide service pressures within an acceptable range to all 
customers.  As previously discussed, the existing water service area distribution system is 
divided into three service levels, or pressure zones.  Pressure zones are usually defined by 
ground topography and designated by overflow elevations of water storage facilities or outlet 
settings of pressure reducing facilities serving the zone.  Typically, water from a reservoir 
will serve customers by gravity within a specified range of ground elevations so as to 
maintain acceptable minimum and maximum water pressures at individual service 
connections.  When it is not feasible or practical to have a separate reservoir serving each 
pressure zone, pumping facilities or pressure reducing facilities are used to serve customers 
in different pressure zones from a single reservoir. 
 
Generally, 80 psi is considered the desirable upper pressure limit and 50 psi the lower limit. 
Whenever feasible, it is desirable to achieve the 50 psi lower limit at the point of the highest 
fixture within a given building being served.  Conformance to this pressure range may not 
always be possible or practical due to topographical relief, existing system configurations and 
economic considerations.  Table 4-1 summarizes the service pressure criteria used in the 
analysis of the water system 
 

Table 4-1 
Recommended Service Pressure Criteria 

 

Condition 
Pressure 

(psi) 

Minimum Service Pressure Under 
Fire Flow Conditions 

 20 

Minimum Normal Service Pressure  50 
Maximum Service Pressure  80 

Storage Volume 
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Water storage facilities are typically provided for three purposes:  operational or equalization 
storage, fire storage and emergency storage.  A brief discussion of each storage element is 
provided below. 
 
Operational Storage 
 
Operational storage is required to meet water system demands in excess of delivery capacity 
from the supply source to system reservoirs.  Operational storage volume should be sufficient 
to meet normal system demands in excess of the maximum daily demand and is generally 
considered as the difference between peak hour demand and maximum day demand.  In other 
words, operational storage is the volume of water available to meet system demands when 
demands exceed the capacity of the supply source.  For each pressure zone, operational 
storage in the amount of 25 percent of maximum daily demand is considered appropriate. 
 
Fire Storage 
 
Fire storage should be provided to meet the single most severe fire flow demand within each 
zone.  The fire storage volume is determined by multiplying the recommended fire flow rate 
by the expected duration of that flow.  Specific fire flow and duration recommendations are 
discussed later in this section. 
 
Emergency Storage 
 
Emergency storage is often provided to supply water from storage during emergencies such 
as pipeline failures, equipment failures, power outages or natural disasters.  The amount of 
emergency storage provided can be highly variable depending upon an assessment of risk and 
the desired degree of system reliability.  Provisions for emergency storage in other systems 
vary from none to a volume that would supply a maximum day's flow or higher.  A 
reasonable volume for emergency storage for the water service area is approximately  
100 percent of maximum daily demand.  This amount of storage volume for emergency 
purposes is consistent with accepted water industry practices and guidelines.   
 
Recommended storage in each zone is the sum of the operational, fire and emergency storage 
volume components. 
 
Booster Station Pumping Capacity 
 
Pumping capacity requirements vary depending on how much storage is available and the 
number of pumping facilities serving a particular pressure zone.  Firm pumping capacity is 
defined as a station’s pumping capacity with the largest pump out of service.  Back-up power 
is recommended for all stations in the event of power failure.   
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When pumping to storage facilities, a firm pumping capacity equal to the pressure zone’s 
maximum day demand is recommended.  Continuous operation pump stations supply 
pressure zones that have no storage facilities.  It is recommended that these pump stations 
have the firm pumping capacity to supply peak instantaneous water demands in addition to 
fire flows.  Peak instantaneous demands can be as much 2 times higher than normal 
maximum day demands.   
 
Fire Flow Recommendations 
 
While the water distribution system provides water for domestic uses, it is also expected to 
provide water for fire suppression.  The amount of water recommended for fire suppression 
purposes is typically associated with the local building type or land use of a specific location 
within the distribution system.  Fire flow recommendations are typically much greater in 
magnitude than the normal maximum day demand present in any local area.  Adequate 
hydraulic capacity must be provided for these potential large fire flow demands.   
 
A summary of fire flow recommendations by land use designation is presented in Table 4-2.  
The recommended fire flows presented in Table 4-2 were developed through a review of fire 
flow criteria adopted by similar communities, fire flow guidelines as developed by the 
AWWA and discussions with Tualatin Valley Fire and Rescue officials. 
 
Water stored for fire suppression is typically provided to meet the single most severe fire 
flow demand within each zone.  The recommended fire storage volume is determined by 
multiplying the fire flow rate by the duration of that flow.  Table 4-3 summarizes fire flow 
durations recommended by the AWWA. 
 
Summary 
 
The criteria developed in this section are used to assess the system's ability to provide 
adequate water service with the existing distribution configuration, storage and booster pump 
station conditions and to guide improvements needed to provide service for future water 
needs.  Planning criteria for the transmission and supply system, distribution system, pressure 
zones, and storage and pumping facilities are presented.  
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Table 4-2 
Summary of Land Use and 
Recommended Fire Flows 

 

Zone Zoning Description Recommended Fire 
Flow (gpm) 

VLDR Very Low Density Residential 1,500 
LDR Low Density Residential 1,500 

MDRL Medium Density Residential – Low 1,500 
MDRH Medium Density Residential – High 1,500 
HDR High Density Residential 1,500 
NC Neighborhood Commercial 3,500 
OC Office Commercial 3,500 
OR Office Retail 3,500 
RC Retail Commercial 3,500 
GC General Commercial 3,500 
LI Light Industrial 3,500 
GI General Industrial 3,500 
IP Institutional/Public 3,500 

 
Table 4-3 

Fire Flow Duration Summary 
 

Recommended Fire 
Flow (gpm) 

Duration 
(hours) 

Up to 2,500 2
3,000 to 3,500 3 

Greater than 3,500 4 
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SECTION 5 
WATER SYSTEM ANALYSIS 
 
General 
 
This section presents an analysis of the City of Sherwood’s water distribution system based 
on the criteria developed in Section 4.  The analysis includes an evaluation of supply source 
alternatives, an evaluation of the system’s existing pressure zones and storage and pumping 
capacity requirements, and presents the findings of a computerized hydraulic network 
analysis of the water distribution system. 
 
Through these evaluations and analysis, deficiencies are identified and improvement options 
developed.  Section 6 presents a recommended capital improvement program that includes 
prioritized recommended improvements to correct deficiencies found through the analysis 
and which provides for system expansion. 
 
Population forecasts and water use estimates presented in Section 3 are used to determine the 
need for certain improvements such as increased supply source and storage capacity, 
transmission system improvements and pumping capacity improvements.  All improvements 
to storage and pumping facilities, and distribution and transmission piping, are based on 
estimated maximum day water demands at saturation development unless otherwise noted. 
 
As discussed in Section 3, water demand estimates for the entire service area were developed 
in 5-year increments through the year 2025 and at saturation development, and were 
summarized in Table 3-6.  These water demand estimates along with the planning criteria 
established in Section 4 are the basis for the analysis of the supply source, the existing system 
and the development of recommended system improvements. 
 
Figure 5-1 is a graphical representation of the water demand forecast presented in Section 3.  
This chart illustrates the City’s projected average day demand and maximum day demand 
through year 2040.  Also shown on Figure 5-1 are the City’s existing groundwater supply 
capacity, the estimated added capacity of the Spada well and an estimate of the existing supply 
capacity available through the Tualatin Supply Connection.  The Tualatin Supply Connection is 
only included as a potential supply through the year 2010 when the City’s current agreement 
with the Tualatin Valley Water District (TVWD) for supply through this connection expires.  
As described in Section 2, this agreement can be extended an additional 5 years if both parties 
are willing.  As illustrated in this figure, it is anticipated that the City’s current groundwater 
supply capacity will continue to decline over time.  A hydrogeological analysis of the aquifers 
underlying the City and supplying the City’s groundwater wells is summarized below.   
 
Groundwater Supply Evaluation  
 
The purpose of the hydrogeological evaluation is to assess the potential capacity and 
limitations of the City’s groundwater supply source.  Historical groundwater 
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production rates and water level trend data were compiled and analyzed for each of the City’s 
groundwater wells to evaluate the hydraulic response of the Columbia River Basalt Group 
aquifer underlying the City relative to historical and current groundwater pumping rates.  
From this evaluation it was observed that a distinct overall declining trend in water levels is 
occurring and increases in the rate of water level decline has occurred during periods of peak 
groundwater production by the City.  From the analysis, it was determined that continued 
groundwater production at the current rate will soon require capital investment to maintain 
pumping rates and will likely result in significant loss of production capacity as groundwater 
levels continue to decline.  Development of additional groundwater production facilities, 
such as the Spada well, is feasible, but additional groundwater production will result in an 
increased rate of water level decline and the ultimate loss of production capacity will occur 
sooner than under existing conditions.  The rate of decline is dependant upon actual 
groundwater production.  At the current rate of decline it is anticipated that the City will 
experience water shortages within the next five years.  A technical memorandum 
documenting the complete groundwater supply evaluation is included in this report as 
Appendix D.   
 
Supply Source Technical Analysis 
 
Seven supply alternatives are considered for evaluation as long-term water supply sources for 
the City of Sherwood.  The alternatives include the following: 
 

1. Supply from the City’s existing groundwater production facilities and the Spada well 

2. Prospective use of Aquifer Storage and Recovery (ASR) using Sherwood’s existing 
connection to the City of Tualatin that supplies City of Portland water to Sherwood 

3. Supply from the City of Portland Bull Run Watershed and Columbia South Shore 
Wellfield (CSSWF)through the Washington County Supply Line and the City of 
Tualatin 

4. Supply from the Joint Water Commission  

5. Supply from the City of Newberg  

6. Supply from the Clackamas River 

7. Supply from the Willamette River Water Treatment Plant at Wilsonville 
 
A brief description of each supply alternative is presented below, including a discussion of 
existing supply facilities and capacities.  Six planning level criteria were developed to 
evaluate the source of supply options.  These criteria are: 
 

• Supply performance – Water supply source options were evaluated based on their 
ability to provide a portion of the City’s long-term water supply needs.  The City’s 
long-term water supply need is estimated to be 10 million gallons per day (mgd) for 
the purpose of this analysis.   
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• Potential for joint development with a partner or partners – Development of proposed 
water supply sources with local or regional partners may present significant 
opportunity for cost savings to the City.  Each supply source was evaluated for 
potential opportunities for joint development. 

• Supply integration into existing distribution system – Each supply source was 
evaluated for ability to integrate the supply option into current distribution system 
operations without the need for additional significant improvements. 

• Estimated cost for supply source development and cost of water – Estimated capital 
costs of supply development were evaluated based on existing available information.  
Costs for development of new facilities and/or expansion of existing facilities were 
compiled and used to develop estimated cost for each supply source.  Cost estimates 
were developed assuming that raw water, treatment and pumping facilities will be 
developed for 5 mgd capacity with provisions for expansion to 10 mgd capacity, and 
transmission facilities will be developed for 10 mgd capacity.  Estimated cost of water 
data for each source was developed from existing available information, including 
current wholesale water rates and previous evaluations of proposed supply sources 
completed for the City and others.  The cost of water estimates presented are for 
comparative uses only, that actual cost of water may vary and will depend on a 
number of factors outside the scope and control of this planning work. 

• Other Factors – Supply option development may involve other factors that will 
directly impact the City’s ability to fully develop the option.  These unique factors 
will be described as they apply to each option. 

 
An analysis and discussion of each of the City’s supply source options using these criteria is 
presented below.  This analysis provides a relative comparison of the supply source options 
available to the City and should serve as the basis for long-term water supply planning efforts 
by the City.   
 
Existing Groundwater Production Facilities 
 
The hydrogeologic evaluation of the local aquifers currently used by the City as its primary 
water supply found that water levels in these aquifers are declining.  It was determined that if 
production capacities are maintained at an average daily rate of approximately 1.2 mgd from 
all of the City’s wells, the rate of water level declines in the aquifers can be reduced.  Based 
on current data this production capacity can be generally be maintained for the remainder of 
the study period.  Based on this analysis it was also determined that the City’s existing wells 
cannot provide adequate supplies to meet the City’s needs.  At the same time these wells can 
continue to serve the City as a peaking source to augment a prospective long-term supply 
option that can meet the City’s current and future needs.  For the purposes of this analysis, 
the City’s existing groundwater wells will not be considered as a long-term supply option. 
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Aquifer Storage and Recovery (ASR) 
 
General  
 
In 1999, the City completed an analysis of developing and using aquifer storage and recovery 
(ASR) as a water supply management tool.  The report recommended that the City pursue the 
development of an ASR pilot test program using the City’s existing Well No. 6. 
 
Supply Performance 
 
The 1999 analysis found that developing ASR may possibly provide the City from 2 to 5 
mgd of additional capacity during high demand periods.  The findings and conclusions of the 
analysis were based on information available at the time of the study.  Additional testing and 
analysis was recommended to confirm that Well No. 6 could be used for ASR purposes and 
to confirm the actual ultimate capacity of a City-wide ASR system.  Based on current data it 
appears that an ASR system would not have adequate capacity to serve the City’s long-term 
water supply needs. 
 
Potential for Joint Development 
 
ASR, as currently envisioned for the City of Sherwood, offers very limited or no potential for 
the joint development with other communities. 
 
Estimated Project Cost and Cost of Water  
 
The full development of an ASR system to serve the City would likely include the 
construction of new wells and/or the reconstruction of existing City wells.  Based on current 
data it is estimated that developing an ASR system to supply up to 5 mgd of peak demand 
condition water may have project cost of $9.5 million.  The ultimate value of further 
consideration of developing ASR for the City may be that it would allow the City additional 
time to develop and implement another long-term water supply option.  The cost of water for 
this option is not currently known.  Water used for injection must be purchased, stored and 
recovered.  The actual cost of water would include all of these cost elements and would be 
determined as part of ASR pilot testing. 
 
Supply Integration 
 
A fully developed ASR system would integrate into the City’s existing water system without 
the need for significant distribution system improvements as the contemplated well or wells 
would likely be located within the City’s existing water distribution grid similar to the City’s 
existing groundwater wells. 
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Other Factors 
 
The ultimate performance and production capacity of an ASR system for the City of 
Sherwood is unknown.  Additional testing and analysis is required to confirm ultimate 
system performance.  While this option does not have adequate capacity to meet the City’s 
long-term needs, it may offer the City a near-term peak supply option should the ultimate 
implementation of the final long-term option require additional time to develop. 
 
City of Portland 
 
General 
 
As presented in Section 2, the City of Sherwood is supplied with water from the City of 
Tualatin under an agreement with the Tualatin Valley Water District.  This supply is 
transmitted through an approximately 4-mile long, 24-inch diameter City-owned transmission 
main from the City of Tualatin’s water system.  This connection is located in the Tualatin 
Community Park where the Tualatin-Portland supply main connects to the City of Tualatin’s 
distribution system.  This supply connection provides up to 3 mgd of water from the City of 
Portland to Sherwood through its distribution system from the Tualatin-Portland supply line.  
This supply amount is a portion of the Washington County Supply Line capacity owned by 
the TVWD.  The primary water source originates in the City of Portland’s Bull Run 
Watershed and Columbia South Shore Wellfield.   
 
Supply Performance 
 
The existing transmission system from Powell Butte to the City of Tualatin does not have 
adequate capacity to meet the Sherwood’s long-term water supply need of 10 mgd.  Based on 
current understandings, should the City of Sherwood enter into a long-term water supply 
agreement with the City of Portland, supplies adequate to meet Sherwood’s long term need 
would be provided and/or developed.  The nature, extent and cost of improvements needed to 
provide this long-term supply to Sherwood is currently not known as the City of Portland is 
in the process of negotiating long-term water supply agreements with all of its current 
wholesale water users.  For the purposes of this analysis it is anticipated that this supply 
option can meet all of the City’s long-term water supply needs.  It is assumed that in order to 
meet the City’s long-term supply need, Sherwood would be expected to pay for its share of 
needed system improvements including transmission facilities from Powell Butte to the City. 
 
Potential for Joint Development  
 
This option presents a favorable opportunity for joint development with others.  The City of 
Sherwood is presently among those water providers participating in the negotiations with the 
City of Portland through its association with TVWD.  Based on the nature of the ongoing 
negotiations it is anticipated that Sherwood would achieve cost savings if the long-term 
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supply system facilities, such as transmission, are jointly developed by Sherwood and other 
local partners.   
 
Supply Integration  
 
Supply from this source would easily integrate into the City’s existing water system as it 
currently is configured to accept supply through its existing 24-inch diameter main in 
Tualatin.   
 
Estimated Project Cost and Cost of Water  
 
The capital costs to develop this supply for the City of Sherwood were developed 
anticipating that a new transmission main, generally paralleling the existing Washington 
County Supply Line would ultimately be constructed from Powell Butte, in southeast 
Portland, to the beginning of Sherwood’s 24-inch diameter main in the City of Tualatin.  
Supply source system improvements needed to serve the City of Sherwood, in addition to 
other providers, were documented in the 2002 Implementation Plan for the Formation of a 
Proposed Bull Run Regional Drinking Water Agency, Phase II.  Project cost estimates for the 
City of Sherwood were calculated on a proportional capacity basis based on the Sherwood’s 
long-term water supply need of 10 mgd.  It is currently uncertain if the City of Portland will 
build a treatment plant for the Bull Run Watershed supply.  Capital cost estimates developed 
for this alternative include cost estimates with and without this treatment plant.  Project cost 
estimates for the development of this supply source option range from $31 to 51 million.  A 
summary of these needed improvements and the estimated capital cost of these improvements 
is presented in Appendix J. 
 
The City of Sherwood currently pays $1.05 per one hundred cubic feet (ccf) of water 
supplied from the City of Portland water system.  This cost includes $0.23 per ccf of system 
wheeling costs from the City of Tualatin.  The ultimate cost of water that Sherwood would 
pay if the City of Portland system was the selected long-term supply option is not currently 
known as this cost is part of the current, ongoing, wholesale contract negotiations.   
 
Other Factors 
 
The ultimate cost of water to the Sherwood may also be impacted by how needed supply 
capacity improvements are funded and constructed.  Should the City of Portland fund and 
complete the improvements needed to serve Sherwood it is anticipated that the rates charged 
to Sherwood would include these amortized improvement costs.   
 
Based on understanding of current discussions, the City of Sherwood would not own any 
portion of the City of Portland water supply system that delivers water to its 24-inch diameter 
transmission main.  As such, these capital costs cannot be included in system development 
capital charges for source and supply expansion needs. 
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Joint Water Commission (JWC) 
 
General 
 
The Hillsboro/Forest Grove/Beaverton/Tualatin Valley Water District Joint Water 
Commission (JWC) is a water source option.  The JWC’s source water is drawn primarily 
from natural surface water stream flows in the Tualatin River and the Trask River and from 
stored water in the Barney Reservoir on the Trask River system and the Scoggins Reservoir 
(Henry Hagg Lake) on Scoggins Creek.   
 
Natural stream flows and stored water releases are withdrawn at the Springhill Pumping 
Plant, a Tualatin River intake facility along Fern Hill Road, approximately 1-mile south of 
Forest Grove.  The Springhill Pumping Plant houses dedicated pumps which serve the 
Tualatin Valley Irrigation District irrigation transmission and distribution system and other 
pumps which deliver raw water through two raw water pipelines to JWC’s water treatment 
plant further south of the river intake along Fern Hill Road.  The current maximum firm 
water treatment capacity is considered as 60 mgd.  Treated water is pumped to the JWC Fern 
Hill Reservoir and through transmission pipes which flow to Forest Grove, Hillsboro, the 
Tualatin Valley Water District and Beaverton.   
 
With current JWC water supply facilities at capacity, the JWC has recently completed a long 
range 40-year Capital Improvements Plan that recommends various improvements necessary 
to meet short-term and long-range water supply demands under various agency participation 
scenarios.  In addition to a raw water pipeline improvement project, this planning 
recommends the expansion of water treatment facilities, raw water and finished water 
pumping improvements and finished water storage and transmission piping system 
improvements, as well as participation in the prospective expansion of the Scoggins 
Reservoir project. 
 
Supply Performance 
 
The existing supply, treatment and transmission system does not have adequate capacity to 
meet the City of Sherwood’s long-term water supply needs.  However, the JWC is currently 
studying and is in the process of preliminary engineering and design for a raise of the dam at 
Scoggins Reservoir and the construction of a large diameter raw water pipeline from the 
reservoir to the water treatment plant.  These improvements will increase the overall capacity 
of the JWC.  For the purposes of this analysis it is anticipated that this supply option can 
meet all of the City’s long-term water supply needs. 
 
Based on current planning an expanded JWC system could include adequate capacity to serve 
the City of Sherwood’s long-term water supply needs, however, system reliability is 
presently being evaluated. 
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Potential for Joint Development  
 
The successful development of this supply option for the City Sherwood depends in large 
part on the willing participation of others in the development of this supply and as such the 
City will achieve economies of scales benefits from this option. 
 
Supply Integration 
 
Supply from this source would integrate into the City’s existing water system with the need 
for significant distribution system improvements as it is anticipated that the transmission 
system delivering water to the City would connect directly to the City’s existing 24-inch 
diameter Portland-Tualatin supply main.   
 
Estimated Project Cost and Cost of Water  
 
The capital costs for this supply for the City of Sherwood were developed anticipating that a 
40-foot dam raise and raw water pipeline would be constructed.  It is also anticipated that a 
new pump station is being considered to pump water from the Tualatin River back to 
Scoggins Reservoir through the raw water pipeline during periods of high river flow so as to 
improve the reliability of this supply source.  It is also assumed that new transmission and/or 
reimbursement for the cost of existing transmission from the water treatment plant to the City 
of Sherwood will be required for this supply source.  Project cost estimates for the City of 
Sherwood were calculated on a proportional capacity basis based on Sherwood’s long-term 
water supply need of 10 mgd.   
 
The City of Sherwood’s proportional share of anticipated project costs for the raw water 
storage expansion project, the water treatment plant and pump station expansion and for 
transmission piping needed to deliver water to the City from JWC facilities is approximately 
$58.5 million, assuming that the City would participate as a partner in all contemplated 
project elements.  A summary of these needed improvements and the estimated capital cost of 
these improvements is presented in Appendix J. 
 
Based on current data the estimated cost of water to the City of Sherwood from the JWC 
supply system may be in the range of $0.70 to 0.90 per ccf. 
 
Other Factors 
 
While this supply source option can be expanded to serve the City’s needs it is anticipated 
that over the long term, the supply capacity reliability of this alternative may be reduced as 
the raw water source and supply system are developed to full capacity. 
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City of Newberg 
 
Discussions with City of Newberg staff indicate that the City of Newberg has adequate 
supplies to meet its own water needs and would not favorably consider providing water 
supplies to the City of Sherwood.  For the purposes of this analysis this option is not 
considered for further evaluation. 
 
Clackamas River 
 
General  
 
The Clackamas River currently supplies several municipal water providers including 
Clackamas River Water (CRW), North Clackamas County Water Commission (NCCWC), 
the South Fork Water Board (SFWB) and the Cities of Estacada and Lake Oswego.  The 
Clackamas River watershed encompasses approximately 940 square miles southeast of the 
Portland metropolitan area.   
 
Supply Performance 
 
While current regional water supply planning work considers the Clackamas River as a 
potential regional water supply source for the Portland Metropolitan area, the ultimate long-
term availability of this supply for the City of Sherwood is less certain.  Current water rights 
analyses of water availability in the river indicate that under certain future conditions supply 
source limitations may occur.   
 
Potential for Joint Development  
 
While elements of this supply option can be jointly developed, the ultimate limited 
availability of the raw water source may in turn limit the number of potential partners and in 
turn limit the opportunity for the Sherwood to benefit from the resultant economies of scale. 
 
Estimated Project Cost and Cost of Water  
 
Estimated capital cost estimates for supply from the Clackamas River were developed for 
treatment, pumping and transmission on a cost per mgd basis.  The cost estimates presented 
represent a range of potential costs for treatment, pumping facilities and transmission piping.  
The range of costs for development of water treatment facilities are based on previous and 
current transmission system analyses and water treatment expansion costs estimates.  The total 
estimated capital cost for development of water supply on the Clackamas River is 
approximately $30.5 million for a 10 mgd supply capacity.  A summary of these needed 
improvements and the estimated capital cost of these improvements is presented in Appendix 
J. 
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Based upon current understandings the estimated cost of water from a Clackamas River 
supply system may be in the range of $0.55 to 0.65 per ccf.   
 
Supply Integration 
 
Supply from this source would integrate into the City’s existing water system with the need 
for significant distribution system improvements as it is anticipated that the transmission 
system delivering water to the City would connect directly to the City’s existing 24-inch 
diameter Portland-Tualatin supply main.   
 
Willamette River Water Treatment Plant  
 
General 
 
In 2002, the construction of the Willamette River Water Treatment Plant in the City of 
Wilsonville was completed and placed into operation.  The treatment plant was constructed 
with an initial capacity of 15 mgd.  The City of Wilsonville currently owns 10 mgd of this 
capacity and TVWD owns 5 mgd.  The plant has the potential for expansion to more than 
120 mgd capacity.  Only the City of Wilsonville is presently connected to and served by the 
system.  The Willamette River Water Coalition (WRWC), formerly the Willamette Water 
Supply Agency, which is made up of the Tualatin Valley Water District, the Canby Utility 
Board, and the Cities of Tigard, Tualatin, Gladstone and Sherwood, holds water rights for 
130 mgd and has pending applications for an additional 292 mgd on the Willamette River.  
Sherwood has access to 10 mgd of these rights. 
 
Supply Performance 
 
Based on current conditions the Willamette River supply option has adequate capacity to 
serve Sherwood’s existing and long-term water supply needs.  As stated above, the City of 
Sherwood currently has access to a 10 mgd water right on the Willamette River at 
Wilsonville that would be adequate to serve the City beyond the year 2040. 
 
Potential for Joint Development  
 
This option presents a number of opportunities for joint development of the supply.  As 
currently envisioned under one transmission system alternative, this option would supply the 
City through a connection to the 24-inch diameter Tualatin-Portland supply line if a new 
transmission system is constructed to supply communities north of Wilsonville from the 
Willamette River.  Under this transmission routing alternative Sherwood would pay a 
proportional share of the transmission system capacity.   
 
Another transmission system alternative would directly connect proposed City of Sherwood 
facilities to existing and planned City of Wilsonville transmission facilities. 
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Estimated Project Cost and Cost of Water  
 
Two transmission system routing alternatives were considered as part of this alternative.  The 
first routing alternative relies on the joint development of transmission piping intended to 
serve Sherwood and other communities north of Wilsonville.  The conceptual level estimated 
project cost for this alternative is $24.5 million.  Another transmission system routing 
alternative available to the City is supply from the City of Wilsonville’s water system 
through piping recommended for construction to serve Sherwood’s Reservoir Booster Station 
Pressure Zone.  The estimated project costs for this option using this transmission system 
routing alternative is $21.6 million.  A summary of these needed improvements and the 
estimated capital cost of these improvements is presented in Appendix J. 
 
The December 1998 Willamette River Supply System Preliminary Engineering Report 
estimated a cost of water of approximately $0.64 per ccf for anticipated plant operations in 
the year 2007.  The actual cost of water from this supply source may vary and will depend on 
the actual plant operations and current operating procedures and overall plant production.  
Recent discussions with City of Wilsonville staff indicate that the current cost of water 
production is approximately $1 per ccf.  As this current cost includes fixed cost elements it is 
anticipated that the cost of water will decrease as production capacity increases. 
 
Supply Integration 
 
Supply from this source would integrate into the City’s existing water system without the 
need for significant distribution system improvements as it is anticipated that the 
transmission system delivering water to the City would connect directly to the City’s existing 
24-inch diameter Portland-Tualatin supply main or through a direct connection to the City’s 
existing Main Service Zone Reservoir through improvements recommended for the Reservoir 
Booster Station Zone.   
 
Other Factors 
 
The ultimate development of this supply option will require a public vote of approval by City 
of Sherwood residents.   
 
Supply Source Analysis Summary 
 
Table 5-1 presents a summary of the analysis of the long-term water supply options available 
to the City that can meet the City’s long-term water supply needs.  The City’s existing 
groundwater wells, ASR, and the City of Newberg supply option are not shown as these 
options cannot meet the City’s long-term needs.  Based on the evaluation presented above, 
other options may also be removed from further consideration based on on-going evaluations. 



Table 5-1 
Water Supply Source Option Summary 

 
Supply Source 

Options 
Capacity

(mgd) 
Ability to 

Integrate into 
City’s System 

Cost Savings 
with 

Partners 

Project Cost 
Range 

Estimated Cost 
of Water 

($ per ccf) 

Key Issues/Comments 

City of Portland 
Water System 10   Yes Yes $31 - 51 

million $1.05 
Size, scope and cost of 
long-term supply system 
improvement uncertain 

Joint Water 
Commission 10 Yes Yes $58.5 million $0.70 to 0.90 

System reliability and 
certainty of supply for 
the City of Sherwood is 
uncertain 

Clackamas River 
Water Supply 
System 

10   Yes Yes $29 - 31 
million $0.55 to 0.65 

System reliability and 
certainty of supply for 
the City of Sherwood is 
uncertain 

Willamette River 
Water Supply 
System 

10   Yes Yes $21.6 - 24.5 
million $0.64 to 1.0 

Political and public 
perception key issue.  
Will require a vote of 
approval from City 
residents 
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Supply Source Development Strategy 
 
The hydrogeologic evaluation found that the aquifers serving as the City’s current supply 
source are experiencing a pattern of water level declines that appear to be correlated to the 
historic use of these aquifers for water supply purposes.  The analysis also found that these 
aquifers do not have the capacity to serve the City’s expanding water supply needs.  It is 
anticipated that the City will need to develop a new long-term water supply within the next 
three to five years. 
 
While a number of the City’s long-term water supply options presented above offer the City a 
reliable long-term water supply source, it is anticipated that for the near term the City’s 
existing groundwater wells will continue to supply water as the City selects, evaluates and 
develops other water supply options.  This need for continued reliance on groundwater in the 
near term and the declining aquifer levels suggests the need to develop a water supply source 
strategy that allows for the ultimate transition to a new source while maximizing the use of 
the existing groundwater wells.  Under current conditions it is anticipated that the City’s 
existing groundwater wells can consistently produce a firm production capacity of 
approximately 1.2 mgd.  With the anticipated addition of the Spada Well and the 
implementation of certain water rights recommendations it is anticipated that this firm 
groundwater production capacity can be increased to approximately 2 mgd.  Developing and 
maintaining this capacity will require capital investment in the City wells that may range 
from approximately $3.0 to 5.0 million. 
 
The current available supply capacity from Sherwood’s City of Portland supply through the 
City of Tualatin is 3.0 mgd.  The water supply agreement supporting this supply with the 
Tualatin Valley Water District is currently set to expire in the year 2010.  The source 
development strategy anticipates that the supply from the City of Portland system, as 
supplied by the existing transmission and supply facilities will reach capacity by the year 
2010 and that this supply will not be available to the City beyond the year 2010.  It is 
therefore anticipated that a new supply, with an initial supply increment of 5 mgd will be 
brought on line by the year 2010.  At this point the new supply source will be relied on to 
serve the City’s average day needs throughout most of the year and the existing ground water 
wells will be used to provide peak supply during the summer months.  Figure 5-2 illustrates a 
graphical representation of this approach.  As shown, additional source supply increments are 
added in the year 2025 and 2035 to meet the City’s additional water supply needs. 
 
Aquifer storage and recovery (ASR) may provide the City additional flexibility and time to 
develop and implement a long-term water supply source, however, as currently understood 
ASR will not provide the City the needed long-term water supply capacity needed to meet all 
of its water supply needs. 
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Figure 5-2 
Long-Term Water Supply Strategy  
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Pressure Zone Analysis 
 
As discussed in Section 2, the City of Sherwood’s distribution system is currently separated 
into three service areas, or pressure zones.  The planning criteria developed in Section 4 
established acceptable service pressure limits for existing and proposed pressure zones.  
These criteria are used to determine optimal elevations of existing and proposed reservoirs 
and to evaluate existing and proposed pressure zones.  Table 5-2 summarizes ground 
elevation service limits for pressure zones and reservoir overflow elevations assuming 
gravity supply to all pressure zones from storage reservoirs. A brief discussion of changes in 
the 535-foot pressure zone is presented below. 
 

Table 5-2 
Pressure Zone Service Elevation and Pressure Summary 

 

Pressure Zone Elevation  
Range (ft.) 

Reservoir 
Overflow 

Elevation (ft.) 

Approximate 
Static Pressure 

Range(psi) 

380-Foot Pressure Zone 140 – 250 380 55 - 105 

455-Foot Pressure Zone 250 – 300 455 65 - 85 

535-Foot Pressure Zone 280 – 380 535 65 - 95 

 
The 535-foot pressure zone serves customers in the southeast portion of the City above 
ground elevations of 280 feet.  Currently, one subzone exists within the pressure zone where 
homes are served from the Murdock PRV at slightly lower pressures than the rest 
of the pressure zone.  In order to improve service at higher elevations in the 380-foot pressure 
zone along the interface between the two zones, the pressure zone analysis included 
modifications to the current limits of this pressure zone.  Specific recommendations for 
modification to the pressure zone boundary and distribution system operation are described 
in Section 6.   
 
Storage Capacity Analysis 
 
The storage capacity analysis evaluates existing storage capacities and determines storage 
volume needs for the water service area.  Reservoir capacity requirements are developed 
based on the planning criteria presented in Sections 3 and 4.  Estimated reservoir storage 
volume requirements are based on the sum of equalization, fire suppression and emergency 
storage volume needs.  Table 5-3 summarizes estimated storage volume needs for each 
pressure zone. 

04-0665.109 Page 5-16 Water System Master Plan 
August 2005 Water System Analysis City of Sherwood 



Table 5-3 
Storage Volume Analysis Summary 

 

Storage Requirements (mg) 
Pressure Zone Operational 

Storage 
Fire 

Storage 
Emergency 

Storage 

Total Storage 
Requirement 

(mg) 

Existing 
Storage 

(mg) 

Storage 
Deficit 
(mg) 

380-Foot  
Pressure Zone 1.9 0.8 7.3 10.0 2 8.0 

455-Foot  
Pressure Zone 0.2 0.8 0.9 1.9 3 - 

535-Foot  
Pressure Zone 0.2 0.2 0.9 1.3 - 1.3 

 
The results of the storage volume analysis indicate that the existing storage capacity of the 
Main Reservoir is inadequate to serve the storage capacity needs of the Main pressure zone.  
As indicated in Table 5-3, the recommended storage capacity needs of this zone is greater 
than three times the existing storage volume capacity of the Main Reservoir storage facility.  
The analysis results indicate that approximately 8.0 mg of additional storage will be needed 
to meet storage volume capacity needs of the 380-foot pressure zone.  As described below, 
surplus storage capacity exists in the 455-foot pressure zone.  This storage capacity can be 
used to offset the storage needs in the 380-foot pressure zone since supply from the 455-foot 
zone can be delivered through PRVs to the 380-foot pressure zone.  An analysis of the 
condition of the Main Reservoir was conducted in 2004 and it was determine that seismic 
upgrades are necessary and that the reservoir is nearing the end of its service life.  As such, it 
is anticipated that surplus storage from the 455-foot pressure zone will be used to offset the 
ultimate loss of this reservoir.  A technical memorandum, documenting this investigation is 
included as Appendix G of this report.  Section 6 includes recommendations for the 
rehabilitation and ultimate abandonment of this reservoir. 
 
The results of the storage volume analysis indicate that there is sufficient storage volume 
capacity within the 455-foot pressure zone to accommodate water demands of the pressure 
zone at saturation development.  Excess storage in the pressure zone can be used in the 380-
foot pressure zone to meet extraordinary demands through existing and proposed PRVs 
between the two pressure zones. 
 
As discussed previously, the 535-foot pressure zone presently contains no storage facilities.  
The analysis results indicate that in order to provide the recommended storage volume 
capacity needs of this service zone at saturation development approximately 1.5 million 
gallons of storage will be needed at an approximate overflow elevation of 535 to 545 feet.   

 

04-0665.109 Page 5-17 Water System Master Plan 
August 2005 Water System Analysis City of Sherwood 



Pumping Capacity Analysis 
 
Existing pump station capacities were evaluated with respect to existing and future firm 
capacity requirements.  Table 3-7 presents estimated maximum daily water demands for each 
service area and pressure zone at saturation development.  In accordance with the pump 
station planning criteria presented in Section 4 these estimates are used to establish firm 
pumping requirements for existing and proposed pump stations.  The water demand estimates 
developed in Table 3-7 present water demand estimates in million gallons per day (mgd).  
For the purposes of the pumping capacity analysis these flows have been converted to gallons 
per minute (gpm), where 1 mgd equals approximately 695 gpm.  Table 5-4 presents a 
summary of estimated pumping requirements for each pump station at saturation 
development. 
 

Table 5-4 
Pump Station Capacity Summary 

 

Pressure Zone 

Existing 
Firm 

Capacity 
(gpm) 

Recommended Firm
Pumping Capacity 

(gpm) 

450-Foot Pressure Zone  600   6001

535-Foot Pressure Zone  2,000   5601

Note:  1. The recommended firm pumping capacity for the Reservoir Booster Pump Station 
assumes development of storage facilities to provide gravity service to the 535-foot pressure 
zone.  Under continuous operation pumping service conditions recommended firm pump capacity 
would be 1,750 gpm. 

 
A brief discussion of the pumping capacity analysis by pressure zone is presented below. 
 
455-Foot Pressure Zone 
 
Presently, all supply to the existing 455-foot pressure zone is from the Wyndham Ridge 
Pump Station which pumps water from the 380-foot pressure zone to the Kruger Road 
Reservoir.  The pump station has five pumping units, two of which are currently operated.  
Each of the two identical pump units has a capacity of approximately 600 gpm.  The pump 
station is equipped with an engine-generator to provide back-up power to the pump station. 
 
As discussed in Section 4, firm pumping capacity is defined as the capacity of a pump station 
with the largest pump out of service.  An analysis of existing pumping capacity to the 455-
foot pressure zone evaluated the pumping capacity of the existing station with one of the 
pump units out of service.  Applying this criterion the existing firm pumping capacity of the 
Wyndham Ridge Pump Station is 600 gpm.  The anticipated maximum daily demand for this 
service zone at saturation development and the ultimate firm pumping capacity required is 
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approximately 600 gpm.  The analysis found that there is currently adequate pumping 
capacity to serve the 455-foot pressure zone. 
 
535-Foot Pressure Zone  
 
As described in Section 2, the 535-foot pressure zone is currently served from the constant 
pressure Booster Pump Station which pumps water from the Main Reservoir.  The pump 
station has four pumping units.  Three of these pump units are identical and have a capacity 
of approximately 800 gpm.  The fourth pump unit has a capacity of approximately 400 gpm 
and is equipped with a variable frequency drive to operate at lower capacity during times of 
low demand in the pressure zone.  The pump station is equipped with an engine-generator to 
provide back-up power to the pump station. 
 
Applying the pump station capacity criteria presented in Section 4, the firm capacity of this 
pump station is approximately 2,000 gpm.  Should the 535-foot pressure zone continue to be 
served by constant pressure operation of the pump station then the ultimate firm pumping 
capacity required of the pump station would be 1,750 gpm.  As described above, it is 
recommended that approximately 1.5 mg of storage be provided in this pressure zone.  With 
the construction of storage for this pressure zone, the required ultimate firm pumping 
capacity required for this pump station is 560 gpm.  In either case, the firm pumping capacity 
of the pump station is adequate to serve the Reservoir Booster Station pressure zone. 
 
Distribution System Analysis 
 
A hydraulic network analysis computer program was used to evaluate the performance of the 
existing distribution system and to aid in the development of proposed system improvements.  
The network analysis program utilizes a digital base map of the water distribution system 
prepared using MWHSoft, Inc. H2OMap network analysis software.  The purpose of the 
computer network modeling is to determine pressure and flow relationships throughout the 
distribution system for a variety of critical hydraulic conditions.  System performance and 
adequacy is then evaluated on the basis of water demand estimates developed in Section 3 
and planning criteria presented in Section 4. 
 
Hydraulic Model 
 
The hydraulic model used to complete the hydraulic analysis of this master plan was 
developed from the City’s current distribution system map.  The hydraulic model developed 
includes all system piping, supply sources, pump stations, reservoirs and PRVs.  The 
hydraulic model was then used to perform the system analysis and to illustrate recommended 
improvements.  This drawing file is presented as Plate 1 in Appendix A. 
 
All pipes on Plate 1 are shown as “links” between “nodes” which represent pipeline junctions 
or changes in pipe size.  Pipes and nodes are numbered to allow for easy system updating and 
revision.  These numbers have been assigned to frozen drawing layers and have not been 
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shown for drawing clarity.  Diameter, material type and length are specified for each pipe, 
and an approximate ground elevation is specified for each node.  For drawing clarity only 
pipe diameters are illustrated.  Hydraulic elements such as closed valves, pressure reducing 
valves, pumps and reservoirs are also illustrated and incorporated into the model data base. 
 
Model Calibration 
 
For a computer model to provide accurate results under test conditions the model is calibrated 
with field conditions so that modeled conditions reflect actual system operation.  Model 
calibration was performed using hydrant flow test data gathered by TVWD staff.  Flow data 
from the hydrant flow tests were compared to pressure and flow results obtained from 
modeled flows placed at the same location.  Calibration is generally considered successful 
when pressures measured during hydrant flow tests is within 5-10 percent of the hydraulic 
model.  The Hazen-Williams roughness coefficients of the pipes and the distribution of 
demands from the nodes in the model were adjusted until the modeled flow test results fell 
within the range described above.  Based on the calibration results, a Hazen-Williams 
roughness coefficient or C-Factor between 90 and 130 was used for all existing pipes 
throughout the modeling process. 
 
Modeling Conditions 
 
To simulate system operation under maximum usage conditions, it is necessary to determine 
the water usage anticipated for the highest water use day of the year.  For this purpose the 
maximum daily demands at saturation development, previously presented as part of Table 3-
6, were distributed throughout the system. 
 
The computer analysis was performed with all pressure zones simultaneously in operation.  
In order to use the computerized hydraulic model of the water system to assess system 
adequacy, several system conditions were examined.  The adequacy of the system’s major 
transmission piping and the system’s ability to provide recommended fire flows throughout 
the system were analyzed. 
 
All fire flow modeling was performed assuming that the system must be capable of providing 
the recommended fire flows while maintaining a minimum system pressure of approximately 
20 psi to all services within the pressure zone of the flow test. 
 
Modeling Results 
 
Transmission System 
 
The results of the transmission system analysis indicate that maximum day demand 
conditions at saturation development will not be adequately supplied by the existing water 
system and supply configuration.  Improvements to the transmission system are needed to 
improve system operation and are collocated with proposed roadway construction projects.   
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Fire Flow Modeling 
 
The fire flow modeling found that under maximum day demand conditions at saturation 
development, improvements are required to provide recommended fire flows in the 380-foot 
pressure zone and the 535-foot pressure zone.  Fire flows were simulated throughout the 
study area based on the estimated fire flow recommendations for land uses as presented in 
Section 4.  The proposed improvements include upsizing existing distribution mains and 
constructing new distribution mains to reduce system head losses.   
 
System Expansion 
 
As discussed in Section 3, UGB expansion areas are included in the water system planning 
area for this analysis.  These areas are illustrated on Plate 1 of Appendix A.  As part of 
system analysis efforts, a brief evaluation was performed to identify water system 
infrastructure needs for these areas.  Identification of proposed system improvements 
discussed in this section and detailed in Section 6 include improvements necessary to supply 
current anticipated water demand needs of these areas. 
 
The proposed distribution system improvements are indicated on Tables H-9 and H-10 in 
Appendix H.  Improvement sequencing and pipe sizing recommendations are present in 
Section 6 in addition to detailed project cost estimates. 
 
Water Loss Evaluation 
 
Water production and meter records were reviewed for the City’s water system for the past 
two years.  Table 5-5 summarizes the water production and unaccounted-for water losses for 
this period.  Prior to 2002, insufficient records exist to compare water production and water 
sales volumes to determine unaccounted-for water quantities.  As shown, the City has 
experienced an average annual water loss of approximately 6.4 percent during this period.  
The water works industry generally considers a level of unaccounted-for water of 15 percent 
or more to be excessive.  In addition, Division 86 of the Oregon Administrative Rules 
requires water suppliers with leakage greater than 10 percent to put in place a leak detection 
program.  Since the City of Sherwood’s present average annual water loss is within 
acceptable limits, it is not recommended that the City perform a leak detection survey at this 
time. 
 
Water Quality Review 
 
As part of the system analysis process a water quality workshop was held with City staff, 
Tualatin Valley Water District staff and members of the master plan development team.  The 
workshop focused on the water quality characteristics of the City’s existing groundwater 
supplies and of all of the City’s long-term water supply options.  The City’s current 
regulatory compliance process was reviewed as were anticipated upcoming near-term and 
long-term water quality regulations.   
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Table 5-5 
Water Production and Losses Summary 

 
Fiscal 
Year 

Volume Purchased 
and Produced 

(mg) 

Metered Usage
(mg) 

Annual Loss 
(mg) 

Percent 
Loss 

01-02 574 523 51 9.7% 
02-03 617 599 18 3.1% 

Average Percent Water Loss 6.4% 
 
Water quality issues related to the City’s existing groundwater wells were reviewed and 
known water quality characteristics are summarized in Table 5-6.  Included in this table is the 
existing Spada Well, an existing irrigation well, which the City may consider for 
development into a drinking water production well. 
 
The City’s long-term water supply options were also reviewed for their water quality 
characteristics.  In light of the City Council’s direction to narrow the long-term water supply 
options to the City of Portland Bull Run Watershed/CSSWF and the Willamette River at 
Wilsonville, water quality discussions will focus on these sources.  A brief discussion of 
water quality characteristics of these two source options is presented below. 
 
City of Portland Bull Run Watershed/CSSWF Supply Option 
 
The City of Portland is supplied water from the Bull Run Watershed and the Columbia South 
Shore Wellfield.  The Bull Run watershed is a protected watershed west of Mt. Hood the City 
of Portland has historically provided finished water that meets all drinking water quality 
standards.  The Columbia South Shore Wellfield consists of several wells south of the 
Columbia River near and adjacent to northeast Portland.  A copy of the City’s 2004 Water 
Quality Report is presented as Appendix K.   
 
Willamette River Supply Option 
 
The City of Wilsonville has been supplied treated Willamette River water since April 2002.  
The Willamette River watershed is the largest in the state and includes a mix of forest, 
agricultural and urban uses.  Since the water treatment plant at Wilsonville began producing 
drinking water the finished water supply has met all drinking water standards.  A copy of the 
City of Wilsonville’s 2004 Water Quality Report is provided in Appendix L.   
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Table 5-6 
Groundwater Well Water Quality Summary Table 

 

Well No./Name 
Production 
Capacity 

(gpm) 
Water Quality Summary 

3 890 

1. Radon @ 436 pCi/L (12/10/02)3 
2. Sodium @ 15.1 mg/l (11/21/03) and @9.4 mg/l 

(6/14/99)4  
3. Nitrate @ 0.6 mg/l (11/21/03)5 

4 250 1. Radon @ 922 pCi/L (12/10/02)3  
2. Nitrate @1.3 (6/14/99) @ 0.66 (6/18/96)5 

5 600 

1. Radon @ 750 pCi/L (12/10/02)3  
2. Sodium @ 18.6 mg/l (11/21/03) and @13.8 mg/l 

(6/14/99)4 
3. Bicarbonate and Total Akalinity @ 111 mg/l 

(1/28/05)8 

6 550 

1. Radon @ 332 pCi/L (12/10/02)3  
2. Sodium @ 57.6 mg/l (11/21/03)4, @ 64.2 mg/l 

(6/14/99) and @ 57.0 mg/l (1/31/97)4 
3. Pre-filter Iron @ 0.11 mg/l.  Post-filter Iron @ non-

detectable levels (12/6/00)1 
4. Pre-filter Manganese @ 0.032 mg/l.  Post-filter 

Manganese @ non-detectable levels (12/6/00)2. 

Spada  400 – 700 
1. Radon @ 590 pCi/L (12/10/02)3  
2. Chloride @ 260 mg/l (8/4/04)6 
3. Total dissolved solids @ 650 mg/l (8/4/60)7 

 
 Notes:   
 1. Secondary maximum contaminant level (SMCL) for Iron is 0.3 mg/l. 

2. SMCL for Manganese is 0.05 mg/l. 
3. No current maximum contaminant level (MCL) for Radon. 
4. Recommended MCL for Sodium is 20 mg/l. 
5. Recommended MCL for Nitrate is 10 mg/l. 
6. SMCL for Chloride is 250 mg/l. 
7. SMCL for Total Dissolved Solids is 500 mg/l. 
8. No current limits for Bicarbonate, limit for Total Alkalinity suggested at 400 mg/l. 

 
In May 2005 the Tualatin Valley Water District completed a water quality comparison of 
three of the region’s water sources:  the City of Portland supply, the Joint Water Commission 
supply and the Willamette River supply.  The comparison tabulated a side by side 
comparison of all currently regulated water quality parameters and a number of currently 
unregulated parameters.  A copy of this comparison is provided in Appendix M. 
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As part of the master planning work, a water quality workshop was conducted to review 
current water quality concerns of the City’s existing wells and the long-term water supply 
options.  An agenda and summary of this workshop session is presented in Appendix N. 
 
As part of the review of water quality issues for the City of Sherwood’s water system, an the 
computerized hydraulic model that was developed and calibrated for the hydraulic analysis 
was expanded beyond a steady state model into an extended period simulation (EPS) model.  
An EPS model simulates system operation over a specific time interval characterizing 
changes in reservoir water levels, flow directions, and other dynamic responses of the water 
distribution system to changing system demands. 
 
It is anticipated that the EPS model developed for the City will be used to satisfy pending 
regulatory requirements related to Initial Distribution System Evaluations (IDSEs).  IDSEs 
are studies intended to select a new compliance monitoring sites, which more accurately 
represent high concentrations of disinfection by-products (DBP) such as total 
trihalomenthane (TTHM) and the sum of five regulated haloacetic acids (HAA5).  In order to 
comply with the IDSE requirement, an evaluation or study of DBP formation in the 
distr8ibution system is required, either in the form of a system-specific study (SSS) or a 
standard monitoring plan (SMP). 
 

• System-Specific Study (SSS) – There are several options in performing an SSS 
including the use of historical DBP data and water distribution system modeling. 

• Standard Monitoring Program (SMP) – Perform one year of distribution system 
monitoring under a schedule and plan determined by system size, source water, and 
number of plants. 

 
Based on our current understanding of the proposed regulations, the EPS model will meet the 
criteria for a SSS and allow the City to reduce the sampling requirements of the pending 
regulation. 
 
Water Quality Compliance Strategy 
 
The City’s water quality compliance strategy depends in great part on the long-term water 
supply option that the City ultimately chooses.  If a new supply is brought on line and the 
City’s existing wells are used just for emergency supply conditions then secondary water 
quality issues, such as taste and odor characteristics related to the wells, become less of a 
concern and no treatment improvements at the wells may be needed.  It is anticipated that any 
new long-term supply option will be fully compliant with current regulations and that any 
source will remain compliant.  A final strategy and compliance plan should be developed 
following the selection of the long-term water supply option.  At the same time the City 
should be prepared to comply with Disinfection By-Product Rule (DBP), Initial Distribution 
System Evaluation (IDSE) requirements.   
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Summary 
 
This section developed and presented an analysis of the City of Sherwood water distribution 
system and long-term water supply options.  Several long-term water supply options for the 
City were evaluated.  This evaluation should serve as the basis for further investigation of 
water supply options as opportunities for development occur.  The distribution system 
analysis found that piping and storage improvements are needed to adequately meet fire flow 
requirements and to provide for system expansion needs.  Section 6 presents 
recommendations and a capital improvement plan that includes project sequencing needs, 
phasing requirements and project cost estimates. 
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SECTION 6 
RECOMMEDATIONS AND CAPITAL IMPROVEMENT PLAN 
 
General 
 
This section presents recommended water system improvements based on the analysis and 
findings presented in Section 5.  These improvements include proposed reservoir, pump 
station and water line improvements.  Recommended supply source options and an 
implementation approach will be developed with City policymakers through a review and 
evaluation process with the contents and findings of this draft document.  Also presented is a 
capital improvement program schedule for all recommended improvements.  All proposed 
system improvements are illustrated on Plate 1 in Appendix C.   
 
Cost Estimating Data 
 
An estimated project cost has been developed for each improvement project recommendation 
presented in this section.  Itemized project cost estimate summaries are presented in 
Appendix H.  This appendix also includes a cost data summary for recommended water main 
improvements developed on a unit cost basis.  Project costs include construction costs and an 
allowance for administrative, engineering and other project related costs. 
 
The estimated costs included in this plan are planning level budget estimates presented in 
2005 dollars.  Since construction costs change periodically, an indexing method to adjust 
present estimates in the future is useful.  The Engineering News Record (ENR) Construction 
Cost Index (CCI) is a commonly used index for this purpose.  For future reference, the 
January 2005 ENR CCI of 8,165 for the Seattle area construction market (the nearest market 
ENR monitors) was used for construction cost estimates in this report. 
 
Recommended Improvements 
 
General 
 
Presented below are recommended water distribution system improvements for reservoirs, 
pump stations, distribution system water lines and other facilities.  Also presented is a 
discussion of other recommended improvements and programs.  Project cost estimates are 
presented for all recommended improvements and annual budgets are presented for 
recommended programs.  The recommendations are presented by project type and discussed 
in order of need.  As presented late in this section the City’s long-term water supply source 
options have been narrowed to two alternatives and the City is developing an independent 
process for the evaluation and selection of a final option.  As such, the CIP program 
recommendations presented as part of this master plan will include distribution system 
facility only.  Supply source development funding and capital needs will be determined 
outside of this master plan. 
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Table 6-1 
Water System Master Plan 

Distribution System Capital Improvement Program Summary 

Capital Improvement Schedule and Project Cost Summary by Fiscal Year

2005/2006 2006/2007 2007/2008 2008/2009 2009/2010 2010/2011 2011/2012 2012/2013 2013/2014 2014/2015 2015/2016 2016/2017 2017/2018 2018/2019 2019/2020 2020/2021 2021/2022 2022/2023 2023/2024 2024/2025 2025+

380-Foot Reservoir No. 3

2,350,000$   2,350,000$   4,600,000$   9,300,000$            

35,000$        35,000$        1,050,000$   1,050,000$   2,170,000$            
Seismic Upgrades

400,000$      400,000$               

Sub-Total 35,000$        35,000$        1,050,000$   1,050,000$   400,000$      -$                  -$                  2,350,000$   2,350,000$   -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  4,600,000$   11,870,000$           

-$                         
Well No. 3 Well No. 4

450,000$      $490,000 940,000$               

Sub-Total 450,000$      490,000$      -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  940,000$               

M-33 M-32

562,716$      522,000$       

M-18

102,180$       

M-7

292,500$       

B-1 B-2

1,653,000$   1,653,000$   166,010$      158,470$      3,630,480$            

-$                         
M-9 M-1 M-2 M-19 M-8 M-13 M-29 M-20 M-22 M-14 M-24 M-16 M-21 M-23 M-28 M-3

33,280$        165,126$      21,060$        426,692$      41,080$        56,784$        54,390$        75,754$        15,582$        49,168$        42,826$        12,446$        55,468$        32,242$        21,854$        148,850$      

M-6 M-10 M-17 M-5 M-27 M-30 M-4 M-11 M-15 M-12

65,390$        10,530$        15,582$        111,930$      24,108$        16,464$        43,810$        40,170$        56,336$        183,300$      

M-25

48,314$         

B-4 B-5 B-6 B-3

89,830$        19,600$        78,302$        154,180$      341,912$               

-$                         
M-34 M-35

487,722$      2,175,000$   2,662,722$            

-$                         

-$                         
 WRPS PRV SW Sherwood PRV

 $      100,000 190,000$      290,000$              

25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        25,000$        525,000$               

Sub-Total 206,594$      982,396$      2,200,000$   1,843,126$   201,280$      512,722$      451,692$      25,000$        25,000$        76,610$        247,794$      94,972$        100,754$      152,512$      74,168$        111,534$      132,212$      124,278$      2,272,412$   293,190$      669,797$      10,798,046$           

50,000$        50,000$                 

71,500$        71,500$                 

Sub-Total 121,500$      -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  121,500$               

Total 813,094$      1,507,396$   3,250,000$   2,893,126$   601,280$      512,722$      451,692$      2,375,000$   2,375,000$   76,610$        247,794$      94,972$        100,754$      152,512$      74,168$        111,534$      132,212$      124,278$      2,272,412$   293,190$      5,269,797$   23,729,546$        

Old Town Improvement Projects 5 Year Total 7 Year Total 10 Year Total 15 Year Total 20 Year Total

Street Improvement Projects 9,064,896$   10,029,310$ 14,855,920$ 15,526,120$ 18,459,746$ 
Annual Average Annual Average Annual Average Annual Average Annual Average

1,812,979$   1,432,759$   1,485,592$   1,035,075$   922,987$      

1,868,536$            

1,479,396$            

B-8

380-Foot Pressure Zone

380-Foot Pressure Zone

Pressure Relief

City of Tualatin

535-Foot Pressure Zone

Murdock Sub-Zone 
Pressure Relief

455-Foot Pressure Zone

System Expansion 
Improvements

Project 
Location

Estimated 
Project Cost

380-Foot Pressure Zone 
Reservoirs

535-Foot Pressure Zone 
Reservoir

Main Reservoir

Reservoir No. 1

380-Foot Reservoir No. 2

380-Foot Pressure Zone

Booster Pump Stations

Groundwater Wells

Siting and Property Needs

Category
Project 

Description

Distribution 
System     
Piping

Pumping 
Facilities

New ReservoirsStorage 
Facilities

 Reservoir Upgrades

Pump Station 
Upgrades

Other

Water Main 
Replacement

535-Foot Pressure Zone

Transmission 
Improvements

Fire Flow 
Improvements

535-Foot Pressure Zone

455-Foot Pressure Zone

455-Foot Pressure Zone

Pressure Reducing 
Facilities

Distribution System 
Interties
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A summary of all the recommended improvements is presented in Table 6-1.  The table 
provides for prioritized project sequencing by illustrating fiscal year (FY) project needs for 
each facility or improvement category.  Those improvements recommended for construction 
beyond FY 2025 are indicated as such.  It is recommended that the City’s capital 
improvement program (CIP) be funded at approximately $920,000 annually for storage, 
pumping and distribution system piping improvements.  While the funding needs for certain 
water system improvements may exceed this amount, the proposed improvements listed in 
Table 6-1 are phased and sequenced so that the ultimate 20-year average annual capital 
requirement is approximately $920,000.  Figure 6-1 illustrates the hydraulic profile of the 
system incorporating existing and proposed reservoirs, pump stations and other features.  
Capital funding needs for supply source improvements will be dependent upon the selection 
of a recommended supply source option. 
 
Reservoirs 
 
It is recommended that three new reservoirs be constructed in the water service area and one 
reservoir be rehabilitated.  Table 6-2 presents a summary listing of these recommendations 
and includes project cost estimates for each reservoir as well as a recommended year to begin 
project related efforts. 
 

Table 6-2 
Recommended Reservoir Improvement Summary 

 

Priority Project Start 
(Fiscal Year) Project Description Estimated Project 

Cost 
1 2005/2006 Siting Study and Property Needs  $70,000 
2 2007/2008 535-Foot Pressure Zone Reservoir No. 1  $2,100,000 
3 2009/2010 Main Reservoir Seismic Upgrades  $400,000 
4 2012/2013 380-Foot Pressure Zone Reservoir No. 2  $4,700,000 
5 Beyond 2025 380-Foot Pressure Zone Reservoir No. 3  $4,600,000 

Total  $12,050,000 
 
A brief description and summary of recommended reservoir improvement projects, reservoir 
siting and property needs evaluations and related programs is presented below.  The projects 
are presented in order of recommended priority of completion. 
 
Siting Study and Property Needs 
 
It is recommended that efforts begin to complete a siting analysis and identify property 
acquisition needs for the 535-foot pressure zone Reservoir No. 1.  It is further recommended 
that the City explore opportunities to partner with the City of Wilsonville for the acquisition 
and development of a site that can meet the storage needs of both cities.  For the purposes of 
this planning effort it is recommended that approximately $35,000 be budgeted in FY 
2005/2006 and FY 2006/2007 for this purpose.  This budget does not include funds for 
property purchases. 

04-0665.109 Page 6-3 Water System Master Plan 
August 2005 Recommendations and Capital Improvement Plan City of Sherwood 





535-Foot Pressure Zone Reservoir No. 1 
 
It is recommended that a new 1.5 million gallon reservoir be constructed to serve the  
535-foot pressure zone.  This reservoir will serve areas presently supplied through constant 
pressure pumping from the Reservoir Booster Pump Station.  Supply to the reservoir will be 
through the existing Reservoir Booster Pump Station.  The recommended overflow of this 
reservoir is 535 feet.  As described above, it is recommended that preliminary siting efforts 
begin immediately to identify a site and to initiate discussions with the City of Wilsonville 
regarding joint development of the site and facilities.  For the purposes of this study the 
recommended start for construction activities is identified to occur in FY 2007/2008.  The 
estimated project cost of this reservoir is $2,100,000.  This estimate does not include property 
acquisition costs.   
 
Main Reservoir Seismic Upgrades 
 
It is recommended that seismic upgrades, as described in Section 5 and Appendix G be 
completed on the City’s Main Reservoir.  These improvements are necessary to extend the 
service life of the reservoir until additional storage facilities in the 380-foot pressure zone are 
constructed.  It is anticipated that the Main Reservoir has a remaining service life of 
approximately 15 years or longer if these improvements are completed.  The estimated 
project cost for the recommended upgrades is approximately $400,000 and the recommended 
start for construction activities is identified to occur in FY 2009/2010. 
 
380-Foot Reservoir No. 2 and No. 3 
 
The reservoir storage capacity analysis presented in Section 5 found that the 380-foot 
pressure zone does not have adequate storage capacity to meet anticipated future storage 
needs.  It is recommended that an additional 8.0 million gallons of storage be constructed at 
Sunset Park.  It is currently recommended that additional storage be constructed as two 4.0 
million gallon reservoirs.  This recommendation should be evaluated as part of preliminary 
engineering efforts for the 380-foot Reservoir No. 2, with consideration given to Sunset Park 
planning efforts and site constraints.  For the purposes of this study the recommended start 
for construction activities for Reservoir No. 2 is identified to occur in FY 2012/2013.  The 
estimated project cost of this reservoir is $4,700,000.   
 
It is recommended that Reservoir No. 3 be considered a long-term improvement and as such 
is identified for construction beyond FY 2025.  It is also recommended that this schedule be 
reevaluated as upgrades and additional investigations are completed to further determine the 
remaining useful life in the Main Reservoir, and as additional preliminary engineering efforts 
are completed for the siting of reservoir facilities at Sunset Park.  The estimated project cost 
of this reservoir is $4,600,000. 
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Pump Stations 
 
It is recommended that two groundwater pump station be upgraded.  Recent and planned 
street improvements near Well No. 4 and Well No. 3 respectively have resulted in the need to 
upgrade and replacement the existing well house structures at these two wells.  These 
improvements are planned for FY 2005/2006 for Well No. 3 and FY 2006/2007 for Well No. 
4.  It is anticipated that the schedule for completion of these improvement be reevaluated 
based on the timing of proposed street improvements.  The estimated project cost for well 
house upgrades at Well No. 3 and Well No. 4 is $448,000 and $490,000, respectively. 
 
As previously discussed it is anticipated that the City’s existing groundwater wells will 
continue to serve as a City supply source until a long-term supply option can be developed 
and as such, these facilities should be maintained and upgraded. 
 
Distribution System Improvements 
 
General 
 
The analysis found that distribution system water line improvements are needed to provide 
improved hydraulic transmission capacity within the distribution system, provide for 
improved fire flow capacities and provide for system expansion needs.  For the purpose of 
this section recommended distribution system improvements are grouped in the following 
categories: 
 

1. Waterline improvements needed to improve distribution system transmission capacity 
including improvements associated with planned roadway improvements and 
improvements related to specific proposed reservoir improvements. 

 
2. Improvements related to improving fire flow capacities. 
 
3. Pressure reducing station improvements. 
 
4. Water main replacement program. 

 
Table 6-1 presents recommended distribution system waterline improvements for each FY up 
to FY 2025/2026.  Each improvement is identified by category and includes an estimated 
project cost.  Certain improvements are recommended for completion within the next two 
years.  These improvements are based on planned roadway improvements and should be 
coordinated with the roadway construction work.  Certain improvements are recommended 
for completion within the next year.  A brief description of these improvements is presented 
below.  A brief summary description of recommended waterline improvements for each 
pressure zone is also presented below. 
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Wyndham Ridge Pump Station PRV 
 
It is recommended that a PRV station and associated connection piping be constructed at the 
Wyndham Ridge Pump Station to serve the 380-foot pressure zone from the Kruger Road 
Reservoir, or 455-foot pressure zone.  This improvement will provide additional hydraulic 
capacity to the northwesterly portion of the 380-foot pressure zone and will improve fill and 
draw operations at the Kruger Road Reservoir.  It is recommended that this improvement be 
completed in FY 2005/2006.  The estimated project cost of this improvement is 
approximately $100,000. 
 
Murdock Sub-Zone Pressure Relief 
 
It is recommended that a new pressure relief valve vault be constructed near the intersection 
of Roy Street and William Avenue.  This pressure relief valve will provide protection from 
over pressurization for the Murdock sub-zone.  The discharge for this pressure relief valve 
should be routed to the pump-to-waste/drain line for the City’s Well No. 6 which is 
approximately 200 linear feet from the intersection.  It is recommended that this 
improvement be completed in 2005/2006.  The estimated project cost of this improvement is 
$71,500. 
 
City of Tualatin Distribution System Intertie 
 
It is recommended that a new distribution system intertie with the City of Tualatin be 
constructed in the northeast corner of the City.  The location of this intertie should be 
coordinated with the extension of the SW Galbreath Drive waterline to the City limits where 
an existing City of Tualatin water main serves customers.  This intertie could also be located 
near to Tualatin’s proposed “A” level reservoir which is near to Sherwood’s northeastern 
boundary off of SW Tualatin Sherwood Road.  It is anticipated that the intertie will be 
configured to allow for gravity flow from the City of Sherwood’s to the City of Tualatin’s 
distribution system and for portable pump connections to supply flow from Tualatin to 
Sherwood.  This improvement should include the construction of a concrete pad for placing a 
portable pumping unit at the site.  It is recommended that this improvement be completed in 
FY 2005/2006.  The estimated project cost for this improvement is $50,000. 
 
380-Foot Pressure Zone 
 
It is recommended that approximately 41,000 lf of distribution system transmission waterline 
be installed in the 380-foot pressure zone.  The analysis found that, in general, the 380-foot 
pressure zone had adequate capacity to meet existing and projected needs.  Improvements 
recommended in this zone are intended to provide adequate fire flows to areas which are 
presently inadequate, improve transmission capacity and replace aging waterlines. 
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445-Foot Pressure Zone 
 
The 445-foot pressure zone has adequate capacity to meet existing and projected needs.  No 
distribution system improvements are recommended for this pressure zone. 
 
535-Foot Pressure Zone 
 
It is recommended that approximately 24,370 lf of distribution system transmission waterline 
be installed in the 535-foot pressure zone to improve fire flow capacities and to meet future 
maximum daily and hourly demands. 
 
Water Main Replacement Program 
 
It is recommended that the City continue a waterline replacement program.  This program 
provides for the routine replacement of leaking, damaged and older water mains throughout 
the water system.  In most cases the existing mains have adequate capacity and will be 
replaced with the same diameter water mains.  It is recommended that $25,000 be budgeted 
annually for this program. 
 
Leak Detection Program 
 
The unaccounted-for water analysis completed in Section 5 found that the City’s historical 
annual average water loss rate for the past few years has been approximately 6 to 7 percent.  
Water loss prevention and leak detection programs are typically economical when annual 
water losses regularly exceed 10 percent.  The City’s current water loss rate is well below 
this level and a water loss reduction and leak detection program is not recommended at this 
time.  It is recommended that the City continue to monitor its unaccounted-for water, repair 
leaks, continue ongoing meter testing and replacement programs and continue water main 
replacement programs as described above. 
 
Supply Source Improvements 
 
The seven supply source options and improvement alternatives identified in Section 5 were 
reviewed with City staff, City of Sherwood Planning Commission and with City Council as 
part of a public works session on April 5, 2005.  At the conclusion of this process the City 
Council directed that two options be carried forward for further consideration.  A copy of the 
City Council presentation of April 5, 2005 is provided in Appendix O.  Based on this 
direction it is recommended that the City of Portland supply option and the Willamette River 
supply option be evaluated outside the scope of this master plan as part of a comprehensive 
source evaluation and selection program.  As part of this evaluation it is recommended that a 
wide range of information and data be compiled for consideration and review by City policy 
makers and the citizens of Sherwood.  Included in this information should be water quality 
data cost data and a long-term financial analysis of comparative capital costs and cost of 
water estimates. 
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Summary 
 
A summary of all the recommended improvements is presented in Table 6-1.  The table 
provides for prioritized project sequencing by illustrating fiscal year (FY) project needs for 
each facility or improvement category.  Those improvements recommended for construction 
beyond FY 2025 are indicated as such.  It is recommended that the District’s capital 
improvement program (CIP) be funded at approximately $920,000 annually for storage, 
pumping and distribution system piping improvements. 
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SECTION 7 
FINANCIAL EVALUATION 
 
General 
 
For the purposes of this plan, the financial evaluation presented in this section will analyze 
the capital needs for completing the distribution system improvements recommended in 
Section 6.  Comprehensive supply source evaluation recommendations in Section 6 include a 
comprehensive financial analysis of the two selected supply source options. 
 
Evaluation Overview 
 
The purpose of the financial evaluation is to provide reasonable assurance that the City of 
Sherwood’s (City) Water Fund has and will have the financial ability to maintain and operate 
the water system on an ongoing basis, plus have the financial capacity to obtain sufficient 
funds to construct the water system improvements identified in Section 6.  
 
As discussed in Section 5, the City has explored the feasibility of several long-term water 
supply alternatives to meet the City’s future water demands.  At this point, two water supply 
options have been selected for further evaluation: 
 

• Supply from the City of Portland (four capital cost scenarios, with varying treatment 
processes, are under evaluation) – Preliminary capital cost estimates range from 
$31.0 to $51.0 million, depending upon the ultimate use and selection of a treatment 
process and other factors.  

 
• Supply from the Willamette River Water Treatment Plant in the City of Wilsonville 

(two capital cost scenarios, with varying transmission routing alternatives, are under 
evaluation) – Preliminary capital cost estimates range from $21.6 to $24.5 million, 
depending upon the transmission routing. 

 
The ultimate cost of capital and/or water costs under each supply alternative is not currently 
known, as additional project details and negotiations are ongoing.  The cost of water to the 
City may also be impacted by how needed supply capacity improvements are funded and 
constructed.  For purposes of providing a potential range of impacts within this Section, 
capital costs for each alternative are amortized over a 20-year period. 
 
As part of this effort, the City planned to have a rate study conducted to include a revenue 
requirement analysis, cost of service analysis, rate design, and system development charge 
(SDC) analysis. Since the supply alternatives are currently under evaluation, the cost of 
service / rate design portions of the study have been deferred until after selection of the 
supply source.  The revenue requirement and SDC analyses have been completed to include 
the impacts of current operations and the water distribution system improvements identified 
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in Section 6.  Potential cost impacts integrating the City’ long-term water source and supply 
decision will be briefly discussed. 
 
In completing this financial evaluation, the historical financial performance of the Water 
Fund was documented; capital funding options available for water system projects identified; 
a capital funding strategy for the Capital Improvement Program (CIP) was developed; and 
revenue requirements and customer impacts considering the “total system” costs of providing 
water service, operating and capital, were determined.  The evaluation includes the following 
elements: 
 

• Past Financial Performance  
o Comparative Statements of Revenue and Expenses 1999 - 2004 

o Comparative Balance Sheets 2001 - 2004  

o Debt Service Schedules 

• Funding Sources  

• Fiscal Policies 

• Capital Financing Plan  
o 10-year CIP with Revenue Sources 2006 - 2015 

o Total Water Distribution System Projects with Revenue Sources 2006 - 2025 

• Projected Financial Performance  
o 10-year Revenue Requirement Forecast 2006 - 2015 

• Current Rate Structure and Conservation Objectives  

Historical Financial Performance 
 
The primary function of the City’s water utility is to provide potable water and irrigation 
services to the customers of the City of Sherwood at the lowest reasonable price, assuring 
reliability of source, water quality, storage and distribution. 
 
The historical financial statements presented in the next section clearly show the financial 
viability of the Water Fund to continue providing a high-quality level of service. 
 
Comparative Financial Statements 
 
Table 7-1 shows a Statement of Revenues, Expenses, and Changes in Net Assets for the 
Water Fund from 1999-2004.  Key points regarding the statement are discussed below. 
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Table 7-1 
Water Fund Revenue, Expense, and Change in Net Asset Statement Summary 

 

1999 2000 2001 2002 2003 2004

Operating revenues
Charges for services:

Utility charges for services 1,076,692$     1,263,014$     1,196,007$     1,285,950$     1,539,956$      1,711,570$      
Other charges for services 13,594            13,845            15,564            751                 5,983               12,636             

Infrastructure development fees:
System development charges [1] -                      -                      -                      -                      627,424           949,756           
Utility connection fees 30,419            57,619            92,722            70,758            44,955             97,495             

Other revenue 2,820              1,010              -                      -                      300                  817                  
Total operating revenues 1,123,525       1,335,488       1,304,293       1,357,459       2,218,618        2,772,274        

Operating Expenses
Materials and Services:

Professional and technical services -                      -                      1,090,740       780,247          720,583           868,450           
Facility and equipment -                      -                      76,077            71,359            86,649             79,773             
Other purchased services -                      -                      -                      271                 19,006             21,476             
Supplies -                      -                      -                      -                      112                  405                  
Minor equipment purchases 12,240            -                      -                      -                      -                       -                       
Other materials and services 246,548          311,558          -                      6,545              -                       13,263             

Reimbursements -                      -                      -                      -                      4,615               29,745             
Depreciation 185,417          185,417          64,536            64,536            202,657           238,711           

Total operating expenses 444,205          496,975          1,231,353       922,958          1,033,622        1,251,823        
Operating income (loss) 679,320          838,513          72,940            434,501          1,184,996        1,520,451        

Nonoperating revenue (expenses):
Interest Earnings 50,313            33,863            44,066            45,328            52,076             52,153             
Settlement of Litigaton -                      -                      825,000          350,000          -                       -                       
Interest expense -                      -                      -                      -                      (4,352)              (3,325)              
Payment for debt service -                      -                      -                      -                      (5,692)              (7,935)              

Total nonoperating revenue 50,313            33,863            869,066          395,328          42,032             40,893             
Income before contributions 729,633          872,376          942,006          829,829          1,227,028        1,561,344        

Capital contributions [1] -                      -                      389,086          1,830,158       -                       482,395           
Reclass capital assets between funds -                      -                      -                      -                       141,443           
Transfers (to)/from other funds (1,563,745)      (913,870)         (116,771)         (462,966)         -                       -                       
Fund equity - beginning 712,856          (121,255)         1,811,797       3,026,118       7,027,104        17,832,465      
Prior Period Adjustments:

Capital assets constructed prior years 1,365,416       9,580,680        -                       
SDC credits from prior years -                      (2,347)              -                       

Fund equity - ending (121,256)$       (162,749)$       3,026,118$     6,588,555$     17,832,465$    20,017,647$    

[1] SDC revenues were reclassified as operating revenue in 2003

WATER FUND

 
 

• Water service revenues have increased over the years, with more significant revenue 
increases occurring in 2003 and 2004, reflecting City growth, rate increases, and most 
likely the impact of warm dry summers. 

• Operating expenses have remained relatively stable, resulting in the generation of 
positive net income in all years - although the significantly higher operating income 
shown in 2003 and 2004 is largely due to the reclassification of SDC revenues from 
capital contributions to operating income. 
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• The Water Fund’s non-operating results have been very strong in the last several 
years, mostly due to capital contributions and revenues from settlement of litigation in 
2001 and 2002. 

Comparative Balance Sheets 
 
Table 7-2 shows the Balance Sheet for the Water Fund 2001-2004.  Key points regarding the 
balance sheets are discussed below: 
 

• The Water Fund’s current ratio (current assets divided by current liabilities) has been 
about 20.0, and ranged between 19.72 to 42.5 (2002). A ratio of 2:1 or higher is 
generally considered very good.  The Water Fund has adequate liquidity as a result of 
accumulation of cash balances in the operating and capital accounts.  

• The Water Fund has carried very little debt, with total debt relative to total assets at 
less than 2 percent.  

• Fund equity (earned equity in the system) is growing at a faster rate than liabilities, 
which is also an indicator of good financial health.  However, most of the equity 
growth has been from capital contributions and system development charge revenues 
not the “operating” net income.  

 
Existing Long-term Debt 
 
The City currently has only one outstanding debt obligation for the Water Fund – a Public 
Works & Fieldhouse loan obtained in 2002.  The Water Fund’s share of this debt obligation 
is five (5 %) percent.  Table 7-3 shows the Water Fund’s share of the outstanding debt 
service schedule for this loan as of June 30, 2005. 
 
Funding Sources 

The City may fund the water capital improvement program from a variety of sources.  In 
general, these sources can be summarized as:  1) governmental grant and loan programs; 2) 
publicly issued debt (tax-exempt or taxable); and 3) cash resources and revenues.  These 
sources are described below. 

Government Programs 

Oregon State Safe Drinking Water Financing Program 

The Safe Drinking Water Fund is capitalized by annual grants from the U.S. Environmental 
Protection Agency (EPA) and matched with state resources.  The program is managed jointly 
by the Department of Human Services (Drinking Water Program) and the Economic and 
Community Development Department (OECDD). 

04-0665.109 Page 7-4 Water System Master Plan 
August 2005 Financial Evaluation City of Sherwood 



Table 7-2 
Water Fund Balance Sheet Summary 

2001 2002 2003 2004

ASSETS
Current Assets:

Cash and cash equivalents 1,495,390$     1,425,760$     1,769,539$      3,725,706$      
Receivables 70,774            544,127          61,311             69,937             
Advances from other funds -                      -                       274,907           

Total current assets 1,566,164       1,969,887       1,830,850        4,070,550        

Noncurrent assets:
Advances from other funds -                      -                      1,213,257        663,443           
Capital assets:

Land 15,150            15,150            28,868             30,118             
Infrastructure -                      -                      10,461,175      15,854,245      
Buildings and improvements 1,046,236       1,200,066       1,533,835        45,743             
Machinery and equipment 879,641          879,641          881,019           1,154,362        
Licensed vehicles -                      -                      -                       -                       
Construction work in progress -                      3,041,744       3,445,186        226,528           
Less accumulated depreciation (407,047)         (471,583)         (1,476,446)       (1,818,441)       

Total noncurrent assets 1,533,980       4,665,018       16,086,894      16,155,998      
Total assets 3,100,144$     6,634,905$     17,917,744$    20,226,548$    

LIABILITIES AND FUND EQUITY
Current liabilities:

Accounts payable 74,026$          46,350$          81,241$           203,941$         
Other current liabilities -                      -                      1,115               2,468               

Total current liabilities 74,026            46,350            82,356             206,409           

Noncurrent liabilities:
Other noncurrent liabilities -                      2,923               2,492               

Total liabilities 74,026            46,350            85,279             208,901           

Fund equity:
Invested in capital assets 1,533,980       4,665,018       16,086,894      16,155,998      
Unrestricted 1,492,138       1,923,537       1,745,571        3,861,649        

Total fund equity 3,026,118       6,588,555       17,832,465      20,017,647      
Total liabilities and fund equity 3,100,144$     6,634,905$     17,917,744$    20,226,548$    

WATER FUND
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Table 7-3 
Long-Term Water Fund Debt Summary 

Principal Interest Total

2005 8,305$            3,600$            11,905$          
2006 8,694              3,211              11,905            
2007 9,101              2,805              11,906            
2008 9,527              2,379              11,906            
2009 9,973              1,933              11,906            
2010 10,439            1,466              11,905            
2011 10,928            978                 11,906            
2012 11,439            466                 11,905            
2013 2,943              34                   2,977              

Totals 81,349$          16,872$          98,221$          

Year
2002 Public Works & Fieldhouse Loan

 
 

The Safe Drinking Water financing program provides low-cost financing for construction 
and/or improvements of public and private water systems.  This is accomplished through two 
separate programs; Safe Drinking Water Revolving Loan Fund (SDWRLF) for collection, 
treatment, distribution and related infrastructure, and Drinking Water Protection Loan Fund 
(DWPLF) for sources of drinking water prior to system intake. 
  
The Safe Drinking Water Revolving Loan Fund (SDWRLF) lends up to $4 million per 
project—with a possibility of subsidized interest rate and principal forgiveness for a 
Disadvantaged Community. 
 
The standard loan term is 20 years or the useful life of project assets, whichever is less, and 
may be extended up to 30 years under SDWRLF for a Disadvantaged Community. Interest 
rates are 80 percent of the state/local bond rate. 
 
The maximum award for the Drinking Water Protection Loan Fund (DWPLF) is $100,000 
per project. 
 

Special Public Works Fund 
 
The Special Public Works Fund program provides funding for the infrastructure that supports 
job creation in Oregon. Loans and grants are made to eligible public entities for the purpose 
of studying, designing and building public infrastructure that leads to job creation or 
retention. 
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In 2003 the rules for the Special Public Works Fund (Division 42) underwent a dramatic 
revision. The rules are now broken out into the following major divisions:  

• Infrastructure (e.g., public infrastructure needed to support job creation)  

• Community Facilities (e.g., publicly owned facilities that supports the local economy)  

• Essential Community Facilities Emergency Projects (e.g., city halls, community 
centers)  

• Railroads  

Water systems are listed among the eligible infrastructure projects to receive funding.  The 
Special Public Works Fund is comprehensive in terms of the types of project costs that can 
be financed.  As well as actual construction, eligible project costs can include costs incurred 
in conducting feasibility and other preliminary studies and for the design and construction 
engineering. 

The Fund is primarily a loan program.  Grants can be awarded, up to the program limits, 
based on job creation or on a financial analysis of the applicant's capacity for carrying debt 
financing. 

The total loan amount per project cannot exceed $15 million.  The Department is able to offer 
very attractive interest rates that typically reflect low market rates for very good quality 
creditors. In addition, the Department absorbs the associated costs of debt issuance thereby 
saving applicants even more on the overall cost of borrowing.  Loans are generally made for 
20-year terms, but can be stretched to 25 years under special circumstances. 

Water/Wastewater Fund 

The Water/Wastewater Fund was created by the Oregon State Legislature in 1993.  It was 
initially capitalized with lottery funds appropriated each biennium and with the sale of state 
revenue bonds since 1999.  The purpose of the program is to provide financing for the design 
and construction of public infrastructure needed to ensure compliance with the Safe Drinking 
Water Act or the Clean Water Act. 

Eligible activities include reasonable costs for construction improvement or expansion of 
drinking water, wastewater or storm water systems. 

To be eligible a system must have received, or is likely to soon receive, a Notice of Non-
Compliance by the appropriate regulatory agency, associated with the Safe Drinking Water 
Act or the Clean Water Act.  Projects also must meet other state or federal water quality 
statutes and standards. 

Criteria include projects that are necessary to ensure that municipal water and wastewater 
systems comply with the Safe Drinking Water Act or the Clean Water Act. 
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In addition, other limitations apply including:  

• The project must be consistent with the acknowledged local comprehensive plan.  

• The municipality will require the installation of meters on all new service connections 
to any distribution lines that may be included in the project.  

• Recipient shall certify that a registered professional engineer will be responsible for 
the design and construction of the project. 

The Fund provides both loans and grants, but it is primarily a loan program.  The loan/grant 
amounts are determined by a financial analysis of the applicant's ability to afford a loan 
including the following criteria:  debt capacity, repayment sources and other factors. 

The Water/Wastewater Financing Program's guidelines, project administration, loan terms 
and interest rates are similar to the Special Public Works Fund program.  The maximum loan 
term is 25 years or the useful life of the infrastructure financed, whichever is less.  The 
maximum loan amount is $15,000,000 per project through a combination of direct and/or 
bond funded loans. 

Loans are generally repaid with utility revenues or voter approved bond issues.  A limited tax 
general obligation pledge may also be required.  "Credit worthy" borrowers may be funded 
through sale of state revenue bonds. 

Community Development Block Grant (CDBG) 

Since the late 1980's the state of Oregon has administered the U.S. Department of Housing 
and Urban Development's Community Development Block Grant (CDBG) funds for the non-
entitlement cities and counties of the state.  The primary objective of the program is the 
development of viable, livable urban communities by expanding economic opportunities and 
providing decent housing and a suitable living environment principally for persons of low- 
and moderate-income.  Each year the state develops an annual "Method of Distribution" 
which establishes how the funds will be used for that calendar year.  The Method of 
Distribution can be found on the department's web site. 

Only non-entitlement (non-metropolitan) cities and counties in rural Oregon can apply for 
and receive grants.  Urban (entitlement) cities:  Ashland; Bend; Corvallis; Eugene; Medford; 
Portland; Salem; and Springfield and counties:  Clackamas; Multnomah; and Washington are 
not included in the state's 2005 Community Development Block Grant program because they 
receive Community Development Block Grant funds directly from the U.S. Department of 
Housing and Urban Development. 

Under the 2005 CDBG Method of Distribution, improvements to water and wastewater 
systems projects are eligible for funding. 
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Public Debt 

Revenue Bonds 

Revenue bonds are commonly used to fund utility capital improvements.  The debt is secured 
by the revenues of the issuing utility and the debt obligation does not extend to other City 
resources.  With this limited commitment, revenue bonds typically require security 
conditions related to the maintenance of dedicated reserves (a bond reserve) and financial 
performance measures (added bond debt service coverage).  In order to quality to sell 
revenue bonds, the City must show that the net revenue (less operating and maintenance 
expense) for the Water Fund (or on a combined basis with other enterprise funds, if 
applicable) is equal to or greater than a factor, typically 1.2 to 1.4 times the annual revenue 
bond debt service.  This factor is commonly referred to as the coverage factor, and is 
applicable to revenue bonds sold on the commercial market.  There is no bonding limit, 
except perhaps the practical limit of the utility’s ability to generate sufficient revenue to 
repay the debt and meet other security conditions.  In some cases, poor credit might make 
issuing bonds problematic. 

Revenue bonds incur relatively higher interest rates than government programs, but due to 
the highly competitive nature of the low-interest government loans, revenue bonds are 
assumed to be a more reliability source of funding.  The Water Fund’s strong historical 
financial performance and low debt to equity ratio bodes well for reliance on this form of 
financing capital projects.  To be conservative, the analyses presented herein assume that 
capital projects above the amount available from rates and cash reserves will be funded with 
revenue bonds.  However, the City should pursue the lower-interest loans for eligible capital 
projects. 

Water Fund Cash Resources and Revenues 

Water Fund financial resources available for capital funding include rate funding, cash 
reserves, and system development charges. 

• Rates and Rate Funding -- The City has a policy to transfer 12% of annual rate 
revenue collections to the capital account for direct rate-funding of capital projects.  
This policy has allowed the Water Fund to maintain a healthy level of capital reserves 
and reduce the level of debt issued for capital projects. 

• Cash Reserves -- The Water Fund is projected to end 2005 with $1.9 million in the 
capital account as cash available for funding capital projects in 2006 and beyond.  The 
reserves are comprised of system development charge revenues, replacement reserves, 
and interest earnings on available cash balances.  Further, as part of the rate study, it is 
recommended that the City transfer operating account reserves in excess of 
recommended minimum balances to the capital account at year end for use in funding 
capital projects in the following years.  It is projected that an additional $3.6 million 
will be available from the operating account to fund capital projects in 2007.  
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• System Development Charges -- The City imposes a system development charge 
(SDC) on all new connections to the water system.  The current charge is $2,960 for a 
5/8” meter.  Revenues generated from this source are projected at $755,000 for 2006. 
The SDC has been updated as part of this analysis to reflect existing system 
development as well as eligible (growth-related) distribution system capital 
improvements identified in the CIP.  Excluding potential water supply capital 
projects, the analysis indicates that an increase to roughly $3,800 per equivalent 5/8” 
meter is justified.   

Capital improvements for the water supply alternatives have not been incorporated 
into the analysis at this time.  Under the City of Portland supply alternative, capital 
costs are not eligible for inclusion in the SDC since the City of Sherwood will not 
own the capacity / improvements.  The capital costs associated with the Willamette 
River Water alternative are eligible - and it is anticipated that the SDC will increase 
by several thousand dollars, providing substantial revenues to help fund future capital 
projects or, most likely, to help pay the annual debt service incurred for funding the 
supply-related capital improvements.   

The SDC will be finalized following the City’s selection of the supply option. A brief 
overview of the methodology is described below. 

System Development Charges 

System development charges (SDCs) are legal sources of funding provided through 
development and growth in customers typically used by utilities to support capital needs.  
The charge is intended to recover a fair share of the costs of existing and planned facilities 
that provide capacity to serve new growth.   

Oregon Revised Statue (ORS) 223.297 – 223.314 defines SDCs and specifies how they shall 
be calculated, applied, and accounted for.  By statue, an SDC can be constructed to include 
one or both of the following two components: 

• Reimbursement Fee – Intended to recover an equitable share of the cost of facilities 
already constructed or under construction.  

• Improvement Fee – Intended to recover a fair share of future, planned, capital 
improvements needed to increase the capacity of the system. 

The reimbursement fee methodology must consider such things as the cost of existing 
facilities and the value of unused capacity in those facilities.  The calculation must also 
ensure that future system users contribute no more than their fair share of existing facilities 
costs.  Reimbursement fee proceeds may be spent on any capital improvements (or debt 
service repayment) related to the system for which the SDC is applied.  For example, water 
SDCs must be spent on water improvements or water debt service. 

The improvement fee methodology must include only the cost of projected capital 
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improvements needed to increase system capacity.  In other words, the cost(s) of planned 
projects that correct existing deficiencies, or do not otherwise increase capacity, may not be 
included in the improvement fee calculation.  Improvement fee proceeds may be spent only 
on capital improvements (or related debt service), or portions thereof, that increase the 
capacity of the system for which they were applied. 

In general, an SDC is calculated by adding the applicable reimbursement fee component to 
the applicable improvement fee component.  Each separate component is calculated by 
dividing the eligible cost by the appropriate measure of growth in capacity.  The unit of 
capacity used becomes the basis of the charge.  A sample calculation is shown below. 

Reimbursement Fee Improvement Fee SDC
Eligible cost Eligible cost of planned

of capacity in capacity-increasing

existing facilities + capital improvements =   SDC ($ / unit)

Growth in system capacity Growth in system capacity  

Fiscal Policies 

Critical to the long-term financial health and performance of the Water Fund is the 
development of sound fiscal policies to guide the financial performance of the utility.  The 
key policies incorporated into this financial evaluation include: 

• Minimum operating account balance equal to 60 – 75 days of annual operating and 
maintenance expenses (O&M). Balances in excess of 75 days should be transferred to 
the capital account at year-end to help fund capital projects. 

• Capital contingency reserve equal to at least one (1%) percent of water system plant 
assets. 

• In the short term, continue the City’s policy of 12% of annual rate revenues used to 
directly fund capital projects. 

• In the long-term, consider establishing and integrating a system reinvestment strategy 
for the eventual replacement of deteriorating assets through additional rate funding. 
Annual depreciation expense can be used as the benchmark for establishing the 
appropriate level of funding.  At a minimum, it is recommended that the annual 
contribution be based on “net depreciation funding” from rates, which equals the 
annual depreciation expense less annual debt principal payments.  This benchmark is 
roughly equivalent to “break-even” performance from a balance sheet perspective.   
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Capital Financing Plan 

Funding strategies were developed based on the fiscal policies outlined above, together with the 
projected level of resources available from rates and charges. Table 7-4 summarizes the 10-year 
capital funding strategy for the water distribution system capital improvements identified in 
Section 6.  Total capital costs from 2006 through 2015 equal $14.9 million in current dollars.  
Costs have been escalated annually at 4 percent for a total cost of $18.2 million. 

The capital-financing plan evaluates expected capital costs and available resources to 
determine whether funding for such projects will be required from rates, either to pay debt 
service or to directly fund capital projects.  

As shown in the table, cash funding from rates, capital reserves (system development charge 
revenues), and revenue bond proceeds of roughly $3.2 million are projected to fund the water 
distribution system capital projects over the next 10 years.  The funding analysis assumes that 
the City implements a revised SDC, effective in 2007, of at least $3,800 per equivalent 5/8 
inch meter. 

Table 7-5 shows the total capital projects from 2006 to 2025 and the anticipated funding 
sources by category.  The total capital projects from 2006 through 2025 equal $18.5 million 
in current dollars and $25.5 million escalated. 

Cash funding from rates and system development charge revenues are projected to fully fund 
the next 10 years (2016-2025) of water distribution system capital projects. No additional 
revenue bond proceeds are needed above the $3.2 million planned to fund projects through 
2015. 

It is important to note, that integration of the long-term water supply related capital costs will 
result in the need for significant additional funding, likely from revenue bonds.  As 
mentioned previously, such costs could range between $21.6 million and $51.0 million, and 
will likely result in the need for substantial rate increases to pay annual debt service and/or 
water costs. 

Based on a rough order-of-magnitude analysis, incremental debt service costs could range 
between $2 and $5 million to fund the necessary supply projects.  Under the Willamette 
River Water alternative, SDC revenues will also increase significantly, which could 
potentially pay a substantial portion of the annual debt service.  



Capital Financing 2006-2015 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Capital Projects - Inflated $
Growth-Related Capital 266,760$         1,073,376$    3,627,686$    3,162,128$    -$               617,124$   -$               3,216,137$    3,344,783$    -$               
NonGrowth-Related Capital 578,858           557,024         28,122           222,421         731,549     31,633       594,396     34,214           35,583           113,402     

Total Capital Costs 845,618$         1,630,400$    3,655,808$    3,384,548$    731,549$   648,757$   594,396$   3,250,351$    3,380,366$    113,402$   

Funding Sources
Rates and Capital Reserves 845,618$         1,630,400$    3,655,808$    2,684,257$    731,549$   648,757$   594,396$   2,882,195$    1,244,050$    113,402$   
Revenue Bond Proceeds -                      -                    -                    700,291         -                 -                 -                 368,157         2,136,315      -                 
Total Funding Sources 845,618$         1,630,400$    3,655,808$    3,384,548$    731,549$   648,757$   594,396$   3,250,351$    3,380,366$    113,402$   
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Table 7-4 
10-Year Capital Funding Strategy Summary 

 

Table 7-5 
20-Year Capital Funding Strategy Summary 

Capital Financing 2006-2025 Total

Capital Projects - Inflated $
Growth-Related Capital 20,562,269$    
NonGrowth-Related Capital 4,920,129        

Total Capital Costs 25,482,397$    

Funding Sources
Rates and Capital Reserves 22,277,635$    
Revenue Bond Proceeds 3,204,763        
Total Funding Sources 25,482,397$    
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Projected Financial Performance 

The projection of financial performance begins with the Water Fund’s existing financial 
condition as a baseline for projecting future costs and estimating the impacts of 
recommended water system improvements. 

Basis for Revenue Requirements 

The revenue requirement analysis determines the amount of rate revenue needed in a given 
year to meet that year’s expected financial obligations.  Analytically, at least two separate 
conditions must be satisfied for each year of the analysis period in order for rates to be 
sufficient:  periodic cash needs must be met, and the minimum revenue bond debt service 
coverage requirement (if any) must be realized. 

The cash flow test identifies cash requirements for the Water Fund in the year addressed.  
Those requirements can include cash operating and maintenance expenses, debt service, 
directly funded capital outlays, capital transfers, and any projected additions to reserves.  The 
total cash needs are then compared to projected utility revenues.  Any projected shortfalls are 
identified and the level of rate increase necessary to make up the shortfall is estimated. 

The coverage test is based on bond covenants applicable to outstanding revenue bonds, 
which require that a specific test of revenue sufficiency be met.  This requirement typically 
stipulates that annual revenues must be sufficient to meet operating expenses plus a factor 
multiplied times annual debt service on all revenue bond debt issued.  A coverage factor of 
1.25 is most common; however, a 1.50 coverage factor may be more appropriate if SDC 
revenues are to be included in the test. 

The City does not currently have any revenue bonds outstanding. Current rates generate 
sufficient coverage for the proposed $3.2 million in revenue bond proceeds.  It is important to 
note that additional revenue bond issues are expected to be needed to fund the future water 
supply projects.  As such, this test will become an important indicator in determining the 
ultimate rate needs for the Water Fund.  

A number of forecast assumptions are used in the analysis: 

• Rate revenue is calculated to increase with growth in future years, which is projected 
to average 3% per year 2006-2025. 

• Operation and maintenance (O&M) expenses are escalated assuming general 
inflation of 3% per year and labor inflation of 5% per year. 

• The City’s franchise fee of 5% of rate revenues is applied to projected revenues 
throughout the analysis period. 

• SDC revenues are assumed to increase to at least $3,800 per equivalent 5/8 inch 
meter in 2007.
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• In addition to O&M expenses, the revenue requirements include debt service costs 
and transfers to the capital account. 

• The City’s fund interest earnings rate is assumed to be 2% in the next two years then 
increasing to 3% for the remaining study period. 

Table 7-6 summarizes the financial performance and rate requirements for 2006 through 
2015.   

It is anticipated that rate increases will be needed as the City implements the selected long-
term water supply option.  The financial evaluation did find that the water fund for 
recommended distribution system capital improvements is adequate.  The actual need for and 
extent of water rate increases will vary depending on the ultimate selection and timing of a 
long-term water supply source 

As such, the integration of the water supply capital projects and related annual costs into the 
revenue requirement analysis may result in the need for significant rate increases.  
Fortunately, the City’s current water rates are relatively low, thereby providing some 
tolerance for these increases while maintaining affordable rates for the City’s customers. 

Rate Structure and Conservation Objectives 

The City’s water rate structure consists of a monthly base rate, which includes the first 100 
gallons of water usage, plus a two-tiered volume charge for residential customers and a single 
block volume charge for commercial customers.  The base rate increases with the size of the 
water meter.  Tables 7-7 presents a summary of this information. 

After evaluation of the customer data, the findings were that approximately 83% of 
residential water use falls within the first block of water use.  The second block is not 
significantly utilized, and thus is relatively weak in sending appropriate pricing signals for 
promoting conservation.   

Following selection of the long-term water supply alternative, the City intends to update the 
rate study, which will include a comprehensive cost of service analysis to equitably assign 
costs to customers based on their demands, and a rate structure evaluation to better align the 
water rate structure with conservation incentives and other City goals. 



Revenue Requirement Summary 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Revenues
Rate Revenues Under Existing Rates 1,569,800$    1,628,270$    1,688,918$    1,751,824$    1,817,074$    1,873,939$    1,932,583$    1,993,063$    2,055,435$    2,119,760$    
Use of SDC Revenues for Debt Service 11,905           11,906           11,906           80,290           80,289           80,290           80,289           107,312         312,949         312,949         
Non-Rate Revenues 110,000         67,390           72,518           75,162           79,953           82,380           84,883           87,463           91,203           100,205         
Total Revenues 1,691,705$   1,707,566$   1,773,342$   1,907,276$   1,977,316$   2,036,609$   2,097,755$   2,187,839$   2,459,587$   2,532,914$   

Expenses
Operating & Maintenance Expenses 1,333,010$    1,373,569$    1,415,366$    1,458,439$    1,502,827$    1,548,029$    1,594,592$    1,642,555$    1,691,960$    1,742,852$    
Routine Capital/Transfers to Capital Fund 218,376         226,292         234,497         243,001         251,814         259,651         267,732         276,064         284,655         293,514         
Existing Debt Service 11,905           11,906           11,906           11,906           11,905           11,906           11,905           2,977             -                    -                    
New Debt Service -                    -                    -                    68,384           68,384           68,384           68,384           104,335         312,949         312,949         
Total Expenses 1,563,291$   1,611,768$   1,661,769$   1,781,730$   1,834,930$   1,887,971$   1,942,612$   2,025,931$   2,289,565$   2,349,316$   

Annual Surplus / (Deficiency) 128,414$      95,799$        111,573$      125,546$      142,386$       148,639$      155,143$      161,908$      170,023$      183,599$      

Annual Rate Increase 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Cumulative Rate Increase 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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Table 7-6 
Revenue Requirement Summary 
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Table 7-7 

Current Water Rate Summary 
Base Charge [a] Volume Charge

Meter Size $ / Month Usage Block - 
gallons $ / 100 gallons

5/8" 4.78$              Residential
1" 5.91                101 to 21,000 0.240$                

1 1/2" 10.50              Over 21,000 0.370$                
2" 15.28              
3" 30.74              Commercial
4" 52.52              Over 100 0.260$                
6" 109.04            
8" 201.83            
10" 291.46            [a] includes allowance 100 gallons

Water Fireline Charge

Line Size $ / Month

4" 11.47$            
6" 21.97              
8" 32.95              
10" 46.90              

Affordability Test 

A median household income index analysis is one way to gauge rate level affordability.  To 
complete the test, residential water bills are compared to 1.5% of median household income 
for the analysis period.  This analysis provides an indication of a residential connection’s 
ability to pay the existing and projected rates.  If rates exceed 1.5% of the median household 
income in any of the years, it suggests the system’s rates may not be affordable. 

The 2000 Census data shows that the median household income for the City of Sherwood in 
1999 was $62,518.  This amount inflated at historical and projected inflation rates (Portland-
Salem CPI Urban Wage Earners and Clerical Workers) is equivalent to about $72,225 in 
2006.  One and a half percent of this amount is about $1083.38 annually or a maximum 
monthly water bill of $90.28 in 2006. 

The City’s average residential water monthly use is about 7,700 gallons.  This results in an 
average residential water bill of $23.02 under existing rates, indicating that the City’s water 
rates are currently well within the medium household income affordability index.  We expect 
that, even given the significant impact of the water supply capital projects, the City’s water 
rates will remain affordable to customers. 
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Summary 
 
This section presented a financial evaluation of the capital funding needs of the 
recommendations presented in Section 6.  The analysis found that in general, revenues are 
adequate to meet funding needs.  This analysis does not include evaluation of the financial 
impacts of the development of a long-term water supply option.  This element of the analysis 
will be completed as part of the selection of the long-term water supply option. 
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Figure 3 
Well Hydrographs and Well Field Production

City of Sherwood
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Appendix A - Production Well Hydrographs
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Appendix A - Production Well Hydrographs
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APPENDIX H 
COST ALLOCATION FOR FACILITIES AND PIPING IMPROVEMENTS 
 
Appendix H contains cost data for recommended improvements to storage reservoirs, pump 
stations, pressure reducing valves and system piping.  These cost estimates are based on an 
Engineering News Record Construction Cost Index for Seattle, Washington of 8165 
(January, 2005). 
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Table H-1 
Reservoir Project Cost Estimate Summary 

535-Foot Pressure Zone Reservoir No. 1 (1.5 MG) 
 
 
Reservoir project cost estimates are based on the following assumptions: 
 
No rock excavation included. 
No property acquisition costs included. 
Construction by private contractors. 
 
 
Item        Estimated Project 
 No.   Description     Cost1    
 
1. Reservoir Structure   $750,000 
 
2. Site Work   $500,000 
 
3. Drainage System   $20,000 
 
4. Geotextiles   $10,000 
 
5. Access/Parking   $20,000 
 
6. Yard Piping   $100,000 
 
7. Electrical   $50,000 
 
8. Landscaping/Fencing   $50,000 
   

 

 Total Construction        $1,500,000 
 40% Contingency, Administration & Engineering $600,000 
    
 Total Project Cost    $2,100,000  
 

   SAY $2,100,000 
 

1 The cost estimates presented are opinions of cost based on the assumptions stated and developed from information available at the time of the 
estimate.  Final costs for all projects will depend on actual field conditions, on actual material and labor costs, final project scope, project 
implementation and other variables.
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Table H-2 
Reservoir Project Cost Estimate Summary 

380-Foot Pressure Zone Reservoir No. 2 (4.0 MG) 
 
 
Reservoir project cost estimates are based on the following assumptions: 
 
No rock excavation included. 
No property acquisition costs included. 
Construction by private contractors. 
 
 
Item        Estimated Project 
 No.   Description     Cost1    
 
1. Reservoir Structure   2,100,000 
 
2. Site Work   $750,000 
 
3. Drainage System   $60,000 
 
4. Geotextiles   $50,000 
 
5.            Access/Parking   $30,000 
 
6.           Yard Piping   $190,000 
 
7. Electrical   $75,000 
 
8. Landscaping/Fencing   $90,000 
 

 

 Total Construction        $3,345,000 
 40% Contingency, Administration & Engineering $1,338,000  
 
 Total Project Cost    $4,683,000  
 

   SAY $4,700,000 
 

1 The cost estimates presented are opinions of cost based on the assumptions stated and developed from information available at the time of the 
estimate.  Final costs for all projects will depend on actual field conditions, on actual material and labor costs, final project scope, project 
implementation and other variables.
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Table H-3 
Reservoir Project Cost Estimate Summary 

380-Foot Pressure Zone Reservoir No. 3 (4.0 MG) 
 
 
Reservoir project cost estimates are based on the following assumptions: 
 
No rock excavation included. 
No property acquisition costs included. 
Construction by private contractors. 
 
 
Item        Estimated Project 
 No.   Description     Cost1    
 
1. Reservoir Structure   2,100,000 
 
2. Site Work   $650,000 
 
3. Drainage System   $60,000 
 
4. Geotextiles   $50,000 
 
5.            Access/Parking   $30,000 
 
6.           Yard Piping   $190,000 
 
7. Electrical   $60,000 
 
8. Landscaping/Fencing   $90,000 
   

 

 Total Construction        $3,230,000 
 40% Contingency, Administration & Engineering $1,292,000 
    
 Total Project Cost    $4,522,000  
 

   SAY $4,600,000 
 

1 The cost estimates presented are opinions of cost based on the assumptions stated and developed from information available at the time of the 
estimate.  Final costs for all projects will depend on actual field conditions, on actual material and labor costs, final project scope, project 
implementation and other variables.
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Table H-4 
Pump Station Project Cost Estimate Summary 

Well No. 3 Site Improvements 
 
 
Pump station project cost estimates are based on the following assumptions: 
 
No rock excavation included. 
No property acquisition costs included. 
No backup power supply. 
Construction by private contractors. 
 
 
Item        Estimated Project 
 No.   Description     Cost1    
 
1. Mobilization   $20,000 
 
2. Site Work   $75,000 
 
3. Structure   $100,000 
 
4.    Yard Piping   $20,000 
 
5.              Mechanical   $25,000 
                
6.             Controls   $10,000 
 
7.  Electrical   $50,000 
 
8.             Landscaping   $20,000 
 
 

 Total Construction  $320,000 
 40% Contingency, Administration & Engineering  $128,000 
  
 Total Project Cost    $448,000
 
   SAY $450,000 
 
 

 
 
 
 

1 The cost estimates presented are opinions of cost based on the assumptions stated and developed from information available at the time of the 
estimate.  Final costs for all projects will depend on actual field conditions, on actual material and labor costs, final project scope, project 
implementation and other variables.
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Table H-5 
Pump Station Project Cost Estimate Summary 

Well No. 4 Site Improvements 
 
 
Pump station project cost estimates are based on the following assumptions: 
 
No rock excavation included. 
No property acquisition costs included. 
No backup power supply. 
Construction by private contractors. 
 
 
Item        Estimated Project 
 No.   Description     Cost1    
 
1. Mobilization   $25,000 
 
2. Site Work   $75,000 
 
3. Structure   $110,000 
 
4. Yard Piping   $20,000 
 
5. Mechanical   $30,000 
 
6. Controls   $15,000 
 
7.  Electrical   $50,000 
 
8. Landscaping   $25,000 
 
 

 Total Construction  $350,000 
 40% Contingency, Administration & Engineering  $140,000 
  
 Total Project Cost    $490,000
 
   SAY $490,000 
 

 

1 The cost estimates presented are opinions of cost based on the assumptions stated and developed from information available at the time of the 
estimate.  Final costs for all projects will depend on actual field conditions, on actual material and labor costs, final project scope, project 
implementation and other variables.
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Table H-6 
PRV Station Project Cost Estimate Summary 

SW Sherwood PRV 
 
PRV station project cost estimates are based on the following assumptions: 
 
No rock excavation 
No property acquisition costs included. 
Construction by private contractors. 
 
Item        Estimated Project 
 No.   Description     Cost1    
 
1. Vault   $15,000 
 
2. Valves   $35,000 
 
3.            Fittings   $10,000 
 
4.           Piping   $15,000 
 
5.          Supports/Restraint   $10,000 
 
6.             Excavation/Backfill/Surface Restoration   $15,000 
   
7.             Testing/Calibration   $5,000 
 
8.             Labor/Equipment   $30,000 
 
 

 Total Construction Cost  $135,000  
 40% Contingency, Administration & Engineering   $54,000
 
 Total Project Cost    $189,000
 
   SAY $190,000 

 

1 The cost estimates presented are opinions of cost based on the assumptions stated and developed from information available at the time of the 
estimate.  Final costs for all projects will depend on actual field conditions, on actual material and labor costs, final project scope, project 
implementation and other variables.
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Table H-7 
PRV Station Project Cost Estimate Summary 

Wyndham Ridge Pump Station (WRPS) PRV 
 
PRV station project cost estimates are based on the following assumptions: 
 
No rock excavation 
No property acquisition costs included. 
Construction by private contractors. 
 
Item        Estimated Project 
 No.   Description     Cost1    
 
1. Valves   $25,000 
 
2.            Fittings   $5,000 
 
3.           Piping   $5,000 
 
4.          Supports/Restraint   $5,000 
 
5.             Testing/Calibration   $5,000 
 
6.             Labor/Equipment   $25,000 
 
 

 Total Construction Cost  $70,000  
 40% Contingency, Administration & Engineering   $28,000
 
 Total Project Cost    $98,000
 
   SAY $100,000 

 

1 The cost estimates presented are opinions of cost based on the assumptions stated and developed from information available at the time of the 
estimate.  Final costs for all projects will depend on actual field conditions, on actual material and labor costs, final project scope, project 
implementation and other variables.
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Table H-8 
Pressure Relief Valve Project Cost Estimate Summary 

Murdock Sub-Zone Pressure Relief 
 
Pressure Relief Valve station project cost estimates are based on the following assumptions: 
 
No rock excavation 
No property acquisition costs included. 
Construction by private contractors. 
 
Item        Estimated Project 
 No.   Description     Cost1    
 
1. Valves   $10,000 
 
2.            Fittings   $5,000 
 
3.           Piping   $6,000 
 
4.          Supports/Restraint   $5,000 
 
5.             Testing/Calibration   $5,000 
 
6.             Labor/Equipment   $20,400 
 
 

 Total Construction Cost  $51,000  
 40% Contingency, Administration & Engineering   $20,000
 
 Total Project Cost    $71,400
 
   SAY $71,500 

 

1 The cost estimates presented are opinions of cost based on the assumptions stated and developed from information available at the time of the 
estimate.  Final costs for all projects will depend on actual field conditions, on actual material and labor costs, final project scope, project 
implementation and other variables.
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Table H-9 

Distribution Piping Unit Project Cost1  
Summary 

 

Pipe Diameter Cost per Linear Foot 

8-inch   $98 
10-inch $112 
12-inch $130 
16-inch $174 
18-inch $195 
20-inch $217 
24-inch $261 

 
Basic Assumptions: 
 
No rock excavation 
No dewatering 
No property or easement acquisitions 
No specialty construction included 
A 35% contingency, administration and engineering allowance included 
Construction by private contractors 
An Engineering News Record (ENR) construction cost index CCI for Seattle, Washington of 
7951 (4/12/04). 
Add an additional 60% for construction with rock excavation the entire depth of trench 
 

1 The cost estimates presented are opinions of cost based on the assumptions stated and developed from information available at the time of the 
estimate.  Final costs for all projects will depend on actual field conditions, on actual material and labor costs, final project scope, project 
implementation and other variables.
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Table H-10 
Piping Improvement Project Cost Estimate Summary 

380-Foot Pressure Zone 
 

Size Length Unit Cost 
No. Location (inches) (feet) ($/lf) 

Estimated 
Project Cost1

M-1 Pine Street  16  949  174  $        165,126 
M-2 Regal Cinemas  12  162  130  $          21,060 
M-3 Langer Drive & Albertson’s Parking Lot  12  1,145  130  $        148,850 
M-4 Albertson’s Parking Lot  12  337  130  $          43,810 
M-5 Tualatin-Sherwood Road   12  861  130  $        111,930 
M-6 SW Gerda Lane   12  503  130  $          65,390 
M-7 SW Galbreath Drive Extension  12  2,250  130  $        292,500 
M-8 SW Cipole Road Stub-Out  12  316  130  $          41,080 
M-9 First Street, Pine Street to Washington  12  256  130  $          33,280 

M-10 Highway 99W Crossing  12  81  130  $          10,530 
M-11 SE Roy Street   12  309  130  $          40,170 
M-12 SW Eucalyptus & Willow Drive  12  1,410  130  $        183,300 
M-13 Highway 99W Stub-Out  10  507  112  $          56,784 
M-14 Langer Drive Stub-Out South No. 1  10  439  112  $          49,168 
M-15 Langer Drive Stub-Out South No. 2  10  503  112  $          56,336 
M-16 Sandhill Lane Stub-Out  8  127  98  $          12,446 
M-17 Roy Rogers Road Stub-Out  8  159  98  $          15,582 
M-18 Wapato Street Loop  8  1,088  98  $        106,624 
M-19 Gleneagle Improvements  8  4,354  98  $        426,692 
M-20 N Sherwood Boulevard Stub-Out No. 1  8  773  98  $          75,754 
M-21 Highway 99W Frontage  8  566  98  $          55,468 
M-22 N Sherwood Boulevard Stub-Out No. 2  8  159  98  $          15,582 
M-23 N Sherwood Boulevard Stub-Out No. 3  8  329  98  $          32,242 
M-24 Saxon Place   8  437  98  $          42,826 
M-25 Second Street & Ash Street  8  493  98  $          48,314 
M-26 Not Used     
M-27 Nottingham Court   8  246  98  $          24,108 
M-28 Culver Court  8  223  98  $          21,854 
M-29 SW Sunset Court  8  555  98  $          54,390 
M-30 Myrica Court   8  168  98  $          16,464 
M-31 Not Used     
M-32 Adams Street Extension North  16  3,000  174  $        522,000 
M-33 Adams Street Extension South  16  3,234  174  $        562,716 
M-34 NW UGB Expansion Area  16  2,803  174  $        487,722 
M-35 Oregon Street (Adams Street to Old Town)  12  786  130  $        102,180 

Total   40,940    $     3,942,278
1 The cost estimates presented are opinions of cost based on the assumptions stated and developed from information available at the time of the 
estimate.  Final costs for all projects will depend on actual field conditions, on actual material and labor costs, final project scope, project 
implementation and other variables.
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Table H-11 
Piping Improvement Project Cost Estimate Summary 

535-Foot Pressure Zone 
 

Size Length Unit Cost 
No. Location (inches) (feet) ($/lf) 

Estimated 
Project Cost1

B-1 Pine Street  12  1,277  130  $ 166,010 
B-2 SW Sunset Boulevard  12  1,219  130  $ 158,470 
B-3 Aldergrove Avenue   12  1,186  130  $ 154,180 
B-4 Highpoint Drive   12  691  130  $ 89,830 
B-5 SE April Court  8  200  98  $ 19,600 
B-6 SE Cochran and Meadow Court  8  799  98  $ 78,302 
B-7 Not Used     
B-8 535-Foot Reservoir Transmission  16 19,000  174  $ 3,306,000  

Total   24,372    $  3,972,392 
 

 

1 The cost estimates presented are opinions of cost based on the assumptions stated and developed from information available at the time of the 
estimate.  Final costs for all projects will depend on actual field conditions, on actual material and labor costs, final project scope, project 
implementation and other variables.
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APPENDIX I 
OREGON ADMINISTRATIVE RULES (OAR) 
 
Appendix I includes Oregon Administrative Rules (OAR) Public Water Systems, Chapter 
333, Division 61. 
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333-061-0060  

Plan Submission and Review Requirements  

(1) Plan Submission:  

(a) Construction and installation plans shall be submitted to and approved by the Department 
before construction begins on new systems or major additions or modifications, as determined by 
the Department, are made to existing systems. Plans shall be drawn to scale;  

(b) Preliminary plans, pilot studies, master plans and construction plans shall be prepared by a 
Professional Engineer registered in Oregon, and submitted to the Department unless exempted 
by the Department (See OAR 333-061-0060(4));  

(c) Plans shall set forth the following:  

(A) Sufficient detail, including specifications, to completely and clearly illustrate what is to be 
constructed and how those facilities will meet the construction standards set forth in these 
regulations. Elevation or section views shall be provided where required for clarity;  

(B) Supporting information attesting to the quality of the proposed source of water;  

(C) Vicinity map of the proposed project relative to the existing system or established landmarks 
of the area;  

(D) Name of the owner of the water system facilities during construction and the name of the 
owner and operator of the facilities after completion of the project;  

(E) Procedures for cleaning and disinfecting those facilities which will be in contact with the 
potable water.  

(d) Prior to drilling a well, a site plan shall be submitted which shows the site location, 
topography, drainage, surface water sources, specifications for well drilling, location of the well 
relative to sanitary hazards, dimensions of the area reserved to be kept free of potential sources 
of contamination, evidence of ownership or control of the reserve area and the anticipated depth 
of the aquifer from which the water is to be derived. The Department will review well reports 
from the area and in consultation with the local watermaster and the well constructor as 
appropriate will recommend the depth of placement of the casing seal. After the well is drilled, 
the following documents shall be submitted to the Department for review and approval: Well 
driller's report, report of the pump test which indicates that the well has been pumped for a 
sufficient length of time to establish the reliable yield of the well on a sustained basis, including 
data on the static water level, the pumping rate(s), the changes in drawdown over the duration of 
the test, the rate of recovery after the pump was turned off, reports on physical, chemical and 
microbiological quality of the well water, performance data on the well pump, a plan of the 
structure for protecting above-ground controls and appurtenances, and a plan showing how the 
well will be connected to the water system. (See OAR 333-061-0050(2).)  



(e) Any community water system or non-transient noncommunity water system that treats 
surface water or groundwater under the influence of surface water that desires to make a 
significant change to the disinfection treatment process and is required to develop a disinfection 
profile according to OAR 333-061-0030(2)(b)(C) through (E) must consult with the Department 
prior to making such a change. The water system must develop a disinfection profile for Giardia 
lamblia (and, if necessary, viruses), calculate a disinfection benchmark, describe the proposed 
change in the disinfection process, and analyze the effect(s) of the proposed change on current 
levels of disinfection according to the USEPA Disinfection Profiling and Benchmarking 
Guidance Manual and/or the USEPA LT1-ESWTR Disinfection Profiling and Benchmarking 
Technical Guidance Manual and submit the information to the Department for review and 
approval. Significant changes to the disinfection treatment process include:  

(A) Changes to the point of application:  

(B) Changes to the disinfectants used in the treatment process;  

(C) Changes to the disinfection process;  

(D) Any other modification identified by the Department.  

(f) A water system subject to paragraph (1)(e) of this rule must calculate a disinfection 
benchmark using the following procedure:  

(A) From data collected to develop the disinfection profile, determine the average Giardia 
lamblia inactivation for each calendar month by dividing the sum of all Giardia lamblia 
inactivations for that month by the number of values calculated for that month. 

(B) Determine the lowest monthly average value out of the twelve values. This value becomes 
the disinfection benchmark.  

(g) A water system that uses either chloramines, chlorine dioxide or ozone for primary 
disinfection must also calculate the disinfection benchmark for viruses using a method approved 
by the Department in addition to the disinfection profile for Giardia lamblia. This viral 
benchmark must be calculated in the same manner as is used for the Giardia lamblia disinfection 
benchmark described in paragraph (1)(f) of this rule.  

(2) Plan review:  

(a) Upon receipt of plans, the Department shall review the plans and either approve them or 
advise that correction or clarification is required. When the correction or clarification is received, 
and the item(s) in question are resolved, the Department shall then approve the plans;  

(b) Upon completion of a project, a professional engineer registered in Oregon shall submit to 
the Department a statement certifying that the project has been constructed in compliance with 
the approved plans and specifications. When substantial deviations from the approved plans are 
made, as-built plans showing compliance with these rules shall be submitted to the Department;  



(c) Plans shall not be required for emergency repair of existing facilities. In lieu of plans, written 
notice shall be submitted to the Department immediately after the emergency work is completed 
stating the nature of the emergency, the extent of the work and whether or not any threats to the 
water quality exists or existed during the emergency.  

(3) Plan review fees: Plans submitted to the Department shall be accompanied by a fee as 
indicated in Table 31. Those plans not accompanied by a fee will not be reviewed. [Table not 
included. See ED. NOTE.]  

(4) Plan review exemptions:  

(a) Water suppliers may be exempted from submitting plans of main extensions, providing they:  

(A) Have provided the Department with a current master plan; and  

(B) Certify that the work will be carried out in conformance with the construction standards of 
these rules; and  

(C) Submit to the Department an annual summary of the projects completed; and  

(D) Certify that they have staff qualified to effectively supervise the projects.  

(b) Those water suppliers certifying that they have staff qualified to effectively plan, design and 
supervise their projects, may request the Department for further exemption from this rule. Such 
requests must be accompanied by a listing of staff proposed to accomplish the work and a current 
master plan. To maintain the exemption, the foregoing must be annually updated;  

(c) At the discretion of the Department, Community, Transient and Non-Transient Non-
Community and State Regulated water systems may be exempted from submitting engineered 
plans. They shall, however, submit adequate plans indicating that the project meets the minimum 
construction standards of these rules.  

(5) Master plans:  

(a) Community water systems with 300 or more service connections shall maintain a current 
master plan. Master plans shall be prepared by a professional engineer registered in Oregon and 
submitted to the Department for review and approval.  

(b) Each master plan shall evaluate the needs of the water system for at least a twenty year period 
and shall include but is not limited to the following elements:  

(A) A summary of the overall plan that includes the water quality and service goals, identified 
present and future water system deficiencies, the engineer's recommended alternative for 
achieving the goals and correcting the deficiencies, and the recommended implementation 
schedule and financing program for constructing improvements.  



(B) A description of the existing water system which includes the service area, source(s) of 
supply, status of water rights, current status of drinking water quality and compliance with 
regulatory standards, maps or schematics of the water system showing size and location of 
facilities, estimates of water use, and operation and maintenance requirements.  

(C) A description of water quality and level of service goals for the water system, considering, as 
appropriate, existing and future regulatory requirements, nonregulatory water quality needs of 
water users, flow and pressure requirements, and capacity needs related to water use and fire 
flow needs.  

(D) An estimate of the projected growth of the water system during the master plan period and 
the impacts on the service area boundaries, water supply source(s) and availability, and customer 
water use.  

(E) An engineering evaluation of the ability of the existing water system facilities to meet the 
water quality and level of service goals, identification of any existing water system deficiencies, 
and deficiencies likely to develop within the master plan period. The evaluation shall include the 
water supply source, water treatment, storage, distribution facilities, and operation and 
maintenance requirements. The evaluation shall also include a description of the water rights 
with a determination of additional water availability, and the impacts of present and probable 
future drinking water quality regulations.  

(F) Identification of alternative engineering solutions, environmental impacts, and associated 
capital and operation and maintenance costs, to correct water system deficiencies and achieve 
system expansion to meet anticipated growth, including identification of available options for 
cooperative or coordinated water system improvements with other local water suppliers.  

(G) A description of alternatives to finance water system improvements including local financing 
(such as user rates and system development charges) and financing assistance programs.  

(H) A recommended water system improvement program including the recommended 
engineering alternative and associated costs, maps or schematics showing size and location of 
proposed facilities, the recommended financing alternative, and a recommended schedule for 
water system design and construction.  

(I) If required as a condition of a water use permit issued by the Water Resources Department, 
the Master Plan shall address the requirements of OAR 690-086-0120 (Water Management and 
Conservation Plans).  

(c) The implementation of any portion of a water system master plan must be consistent with 
OAR 333-061 (Public Drinking Water Systems, DHS), OAR 660-011 (Public Facilities 
Planning, DLCD) and OAR 690-086 (Water Management and Conservation Plans, WRD).  

[ED. NOTE: Tables referenced are available from the agency.]  



Stat. Auth.: ORS 448.131  
Stats. Implemented: ORS 431.110, 431.150, 448.131, 448.150, 448.273 & 448.279  
Hist.: HD 106, f. & ef. 2-6-76; HD 4-1980, f. & ef. 3-21-80; HD 17-1981(Temp), f. & ef. 8-28-
81; HD 4-1982, f. & ef. 2-26-82; Renumbered from 333-042-0220; HD 2-1983, f. & ef. 2-23-83; 
HD 13-1985, f. & ef. 8-1-85; HD 9-1989, f. & cert. ef. 11-13-89; HD 3-1994, f. & cert. ef. 1-14-
94; HD 11-1994, f. & cert. ef. 4-11-94; HD 1-1996, f. 1-2-96, cert. ef. 1-5-96; HD 14-1997, f. & 
cert. ef. 10-31-97; OHD 4-1999, f. 7-14-99, cert. ef. 7-15-99; OHD 7-2000, f. 7-11-00, cert. ef. 
7-15-00; OHD 23-2001, f. & cert. ef. 10-31-01; OHD 17-2002, f. & cert. ef. 10-25-02; PH 16-
2004(Temp), f. & cert. ef. 4-9-04 thru 10-5-04; PH 20-2004, f. & cert. ef. 6-18-04; PH 33-2004, 
f. & cert. ef. 10-21-04  
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SUPPLY SOURCE COST DATA 

 
 

Table J-1 
City of Portland 

10 Year Source Development Cost Estimate Summary 
 

Project Estimated Total 
Project Cost 

Estimated Project 
Cost for Sherwood 

Groundwater Improvements  $ 27,300,000  $ 910,000 

Conduit Vulnerability Reduction 
Improvements  18,600,000  890,000 

Repair and Replacement Program  30,000,000  1,450,000 

System Meter Improvements  2,400,000  120,000 
Conduit Vulnerability Reduction 
Improvements  26,700,000  1,300,000 

Powell Butte Reservoir No. 2  68,700,000  3,300,000 

Water Treatment Plant 1  242,000,000  9,700,000 

Conduit No. 5, Gresham Section  25,200,000  1,200,000 

Repair and Replacement Program  30,000,000  1,400,000 

Endangered Species Act Impacts  18,000,000  900,000 

Total for City of Portland Supply System  
w/ Treatment Plant  $ 498,900,000  $ 21,170,000 

Total for City of Portland Supply System 
without Treatment Plant  $ 256,900,000  $ 11,470,000 

City of Sherwood Transmission Main Cost      $ 20,000,000 to 
 $ 30,000,000 

Total Estimated Project Cost for City of 
Sherwood      $ 31,000,000 to 

    $ 51,000,000 
Notes:   
1. This cost estimate assumes a membrane technology water treatment plant.  Current planning also 

includes the consideration of alternate technology, such as ultraviolet disinfection, which may result 
in lower capital costs. 

2. Sherwood’s share of total project cost developed using a proportion of capacity basis.  Total capacity 
is estimated at 210 mgd, except for the Groundwater Improvements which are based on a system 
capacity of 300 mgd and Water Treatment Plant which is based on a total capacity of 250 mgd. 

04-0665.109 Page J-1 Water System Master Plan 
August 2005  Supply Source Cost Data City of Sherwood 



Table J-2 
Joint Water Commission Project Cost Summary 

 

Item Estimated Project Cost for 
Sherwood 

Dam Raise/Raw Water Pipe/Raw Water Pump Station1  $20,000,000 

Water Treatment Plant Expansion (10 mgd capacity)  14,500,000 

Finished Water Pump Station Expansion/Upgrade  2,000,000 

Finished Water Transmission   22,000,000 

Total Estimated Project Cost for City of Sherwood  $58,500,000 
Notes:   
1. Sherwood share based on expected yield of 52,000 acre-feet – 16,943 mg, Sherwood’s share equal to 

1,533 mg and a total cost of $220 million. 
2. Treatment plant expansion costs assume a unit cost of $1/gallon and a 45 percent contingency. 

 
 

Table J-3 
Clackamas River Supply Project Cost Summary 

 
Item Estimated Project Cost for 

Sherwood 
Raw Water Pump Station Expansion/Upgrade, Water 
Treatment Plant Expansion (10 mgd capacity)1  $14,500,000 

Finished Water Pump Station Expansion/Upgrade  1,000,000 

Finished Water Transmission  16,000,000 

Total Estimated Project Cost for City of Sherwood  $29,000,000  to  
 $31,000,000 

Notes:   
1. Treatment plant expansion costs assume a unit cost of $1/gallon and a 45 percent contingency. 

 

04-0665.109 Page J-2 Water System Master Plan 
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Table J-4 
Willamette River Water Treatment Plant Project Cost Summary 

 

Item Estimated Project Cost for 
Sherwood 

Raw Water Pump Station Expansion/Upgrade  $1,000,000 

Water Treatment Plant Expansion (10 mgd capacity)  14,500,000 

Finished Water Pump Station Expansion/Upgrade    1,000,000 

Finished Water Transmission – Routing Alternative No. 1    8,000,000 

Finished Water Transmission – Routing Alternative No. 2    5,100,000 

Total Estimated Project Cost for City of Sherwood 
(Routing Alternative No. 1)  $24,500,000 

Total Estimated Project Cost for City of Sherwood 
(Routing Alternative No. 2)  $21,600,000 

Notes:  
1. Treatment plant expansion costs assume a unit cost of $1/gallon and a 45 percent contingency. 

04-0665.109 Page J-3 Water System Master Plan 
August 2005  Supply Source Cost Data City of Sherwood 
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Memo 
 
To: Those Interested in Water Quality Comparisons of the Bull Run, the Joint Water Commission 
and the Willamette River Water Treatment Plant 
 
CC: Greg DiLoreto, P.E., General Manager 
 
From: TVWD Management Team 
 
Date: August 24, 2005 
 
Re: Water Quality Comparisons 
______________________________________________________________________________ 
 
Attached to this memo is a chart showing the water quality results for the three sources of interest 
to the District.  Unless otherwise noted, all of the results are for finished water.  The results for 
the City of Portland’s Bull Run and Columbia South Shore system have been verified by Yone 
Aggai, P.E., of the Portland Water Bureau.  The results for the JWC have been submitted by JWC 
staff.  The data for the Willamette River Water Treatment Plant at Wilsonville is the result of the 
testing program that TVWD undertook and supplemented with data supplied by City of 
Wilsonville.  The additional Willamette data provide by the City of Wilsonville was included at 
the request of the Portland Water Bureau.  Dean Fritzke, TVWD Water Quality Coordinator 
together with other TVWD staff prepared this table and reviewed all the results.  We believe that 
this represents an accurate comparison between the three sources. 



MRL (Method reporting limit): The lowest level of a contaminant that can be reliably and consistently reported by the laboratory.  
MRLs vary with the analytical test method and the established reporting convention of the laboratory. 

MCL (Maximum Contaminant Level): The highest level of a contaminant allowed in drinking water. 
ND at MRL: The contaminant was not detected at a level equal to or above the laboratory’s method reporting limit. 
ND: ARBL: Not detected as reported by lab. These values were reported as non-detected, but TVWD doesn’t know the MRL. 
<: Less than 
---: The contaminant was not tested or was not reported to TVWD. 
 
1 ppm means that one part of a particular contaminant is present for every 1 million (1,000,000) parts of water. 1 ppm is equivalent to 1 minute in 2 years, 1 cent in $10,000 and 1 inch in 16 miles. 
1 ppb = .001 ppm, which means that one part of a particular contaminant is present for every 1 billion (1,000,000,000) parts of water. 1 ppb is equivalent to 1 second in 32 years, 1 cent in $10 million and 
1 inch in 16,000 miles. 
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TVWD Water Supplies: Water Quality Comparisons 
 

Inorganic Chemicals (Results Measured In PPM) 
 

Portland Water Supply (Aug. 2003) Willamette Water Supply JWC (Aug. 2004) 
Contaminant 
(ppm – mg/L) MCL 

MRL Bull Run Columbia 
Wellfield MRL October 

2003 
April 
2004 June 2004 MRL Results 

Antimony Total 0.006 0.003 <0.003 <0.003 0.0005 ND at MRL ND at MRL ND at MRL 0.001 ND at MRL 

Arsenic  0.05 0.001 <0.001 <0.001 0.0005 ND at MRL ND at MRL ND at MRL 0.002 ND at MRL 

Barium 2.0 0.002 <0.002 0.012 0.0002 0.0043 0.0045 0.0046 0.05 ND at MRL 

Beryllium Total 0.004 0.0005 <0.0005 <0.0005 0.0005 ND at MRL ND at MRL ND at MRL 0.0005 ND at MRL 

Bromate --- --- --- --- 0.05 ND at MRL ND at MRL 0.12 --- ND: ARBL 
(Jan. 1999) 

Cadmium 0.005 0.001 <0.001 <0.001 0.0002 ND at MRL ND at MRL ND at MRL 0.001 ND at MRL 

Chromium 0.1 0.001 <0.001 <0.001 0.001 ND at MRL ND at MRL ND at MRL 0.002 ND at MRL 

Cyanide 0.2 0.02 <0.025 <0.02 0.005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 
(Aug. 2003) 

Fluoride 4.0 0.05 <0.05 0.12 0.2 ND at MRL ND at MRL ND at MRL 0.5 ND at MRL 

Lead 0.015 0.001 <0.001 <0.001 0.0002 0.0003 0.0005 0.0005 0.001 ND at MRL 

Mercury 0.002 0.001 <0.001 <0.001 0.0004 ND at MRL ND at MRL ND at MRL 0.0002 ND at MRL 

Nickel 0.1 0.002 <0.002 <0.002 0.01 ND at MRL ND at MRL 0.0005 0.004 ND at MRL 

Nitrate 10.0 0.01 0.01 0.60 0.1 0.3 0.3 0.3 0.5 0.6 

Nitrate-Nitrite 10.0 0.01 0.01 0.60 0.1 0.3 0.3 0.3 --- 0.6 
(Feb. 2004) 

Nitrite 1.0 0.005 <0.005 <0.005 0.1 ND at MRL ND at MRL ND at MRL 0.01 ND at MRL 

Selenium 0.05 0.001 <0.001 <0.001 0.005 ND at MRL ND at MRL ND at MRL 0.002 ND at MRL 

Sodium --- 0.01 12 12 2.0 11 7.0 1.0 0.05 8.75 

Sulfate 250 1.0 <1.0 4.2 0.5 10 9.6 9.8 5 13 

Thallium Total 0.002 0.0002 <0.0002 <0.001 0.0002 ND at MRL ND at MRL ND at MRL 0.0006 ND at MRL 

Total Organic Carbon --- 0.1 2.0 0.46 0.8 ND at MRL ND at MRL ND at MRL 0.5 0.83 

 
Regulated Volatile Organic Chemicals (Results Measured In PPM) 

 
Portland Water Supply (Aug. 2003) Willamette Water Supply JWC (Feb. 2004) 

Contaminant 
(ppm – mg/L) MCL 

MRL Bull Run Columbia 
Wellfield 

MRL Oct. 2003 April 
2004 

June 
2004 

MRL Results 

1,1 - Dichloroethylene 0.007 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

1,1,1 - Trichloroethane 0.2 0.0006 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

1,1,2 - Trichloroethane 0.005 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

1,2 Dichloroethane 0.005 0.001 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

1,2 Dichloropropane 0.005 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

1,2,4 – 
Trichlorobenzene 0.07 0.001 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Benzene 0.005 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Carbon Tetrachloride 0.005 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Cis – 1,2 – 
Dichloroethylene 0.07 0.001 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Dichloromethane 0.005 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 
(Jan. 1999) 



MRL (Method reporting limit): The lowest level of a contaminant that can be reliably and consistently reported by the laboratory.  
MRLs vary with the analytical test method and the established reporting convention of the laboratory. 

MCL (Maximum Contaminant Level): The highest level of a contaminant allowed in drinking water. 
ND at MRL: The contaminant was not detected at a level equal to or above the laboratory’s method reporting limit. 
ND: ARBL: Not detected as reported by lab. These values were reported as non-detected, but TVWD doesn’t know the MRL. 
<: Less than 
---: The contaminant was not tested or was not reported to TVWD. 
 
1 ppm means that one part of a particular contaminant is present for every 1 million (1,000,000) parts of water. 1 ppm is equivalent to 1 minute in 2 years, 1 cent in $10,000 and 1 inch in 16 miles. 
1 ppb = .001 ppm, which means that one part of a particular contaminant is present for every 1 billion (1,000,000,000) parts of water. 1 ppb is equivalent to 1 second in 32 years, 1 cent in $10 million and 
1 inch in 16,000 miles. 
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Portland Water Supply (Aug. 2003) Willamette Water Supply JWC (Feb. 2004) 

Contaminant 
(ppm – mg/L) MCL 

MRL Bull Run Columbia 
Wellfield MRL Oct. 2003 April 

2004 
June 
2004 MRL Results 

Ethylbenzene 0.7 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Monochlorobenzene 0.1 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 
(Jan. 1999) 

O-Dichlorobenzene 0.6 0.0006 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 
(Jan. 1999) 

P-Dichlorobenzene 0.075 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 
(Jan. 1999) 

Styrene 0.1 0.001 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Tetrachloroethylene 0.005 0.0006 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Toluene 1.0 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Total Xylenes 10 0.0005 0.0005 0.0005 0.001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Trans – 1,2 – 
Dichloroethylene 0.1 0.0007 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Trichloroethylene 0.005 0.005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Vinyl Chloride 0.002 0.002 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

 
Unregulated Volatile Organic Chemicals (Results Measured In PPM) 

 
Portland Water Supply (Aug. 2003) Willamette Water Supply JWC (Feb. 2004) 

Contaminant 
(ppm – mg/L) MCL 

MRL Bull Run Columbia 
Wellfield MRL Oct. 2003 April 

2004 
June 
2004 MRL Results 

Bromobenzene --- 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Bromodichloro 
Methane --- 0.0005 <MRL <MRL 0.0005 0.0025 0.0026 0.002 --- 0.0021 

Bromoform --- 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Bromomethane --- 0.006 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Chloroethane --- 0.001 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Chloroform --- 0.0005 0.010 0.005 0.0005 0.0054 0.0037 0.0048 --- 0.011 

Chloromethane --- 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

2 - Chlorotoluene --- 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

4 - Chlorotoluene --- 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Dibromochloro 
Methane --- 0.0012 <MRL <MRL 0.0005 0.001 0.0006 0.0008 --- ND: ARBL 

Dibromomethane --- 0.001 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

1,3 - Dichlorobenzene --- 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

1,1 - Dichloroethane --- 0.001 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

1,3 - Dichloropropane --- 0.0012 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

2,2 - Dichloropropane --- 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

1,1 - Dichloropropene --- 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

cis-1,3 - 
Dichloropropene --- 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

1,1,1,2 - 
Tetrachloroethane --- 0.0005 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

1,1,2,2 - 
Tetrachloroethane --- 0.001 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

1,2,3 – 
Trichlorobenzene --- 0.0006 <MRL <MRL --- --- --- --- --- --- 

1,2,3 – 
Trichloropropane --- 0.0006 <MRL <MRL 0.0005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 



MRL (Method reporting limit): The lowest level of a contaminant that can be reliably and consistently reported by the laboratory.  
MRLs vary with the analytical test method and the established reporting convention of the laboratory. 

MCL (Maximum Contaminant Level): The highest level of a contaminant allowed in drinking water. 
ND at MRL: The contaminant was not detected at a level equal to or above the laboratory’s method reporting limit. 
ND: ARBL: Not detected as reported by lab. These values were reported as non-detected, but TVWD doesn’t know the MRL. 
<: Less than 
---: The contaminant was not tested or was not reported to TVWD. 
 
1 ppm means that one part of a particular contaminant is present for every 1 million (1,000,000) parts of water. 1 ppm is equivalent to 1 minute in 2 years, 1 cent in $10,000 and 1 inch in 16 miles. 
1 ppb = .001 ppm, which means that one part of a particular contaminant is present for every 1 billion (1,000,000,000) parts of water. 1 ppb is equivalent to 1 second in 32 years, 1 cent in $10 million and 
1 inch in 16,000 miles. 
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Synthetic Organic Chemicals (Results Measured In PPM) 
 

Portland Water Supply (Aug. 2003) Willamette Water Supply JWC (July 2002) 
Contaminant 
(ppm – mg/L) MCL 

MRL Bull Run Columbia 
Wellfield MRL Oct. 2003 April 

2004 
June 
2004 MRL Results 

2,4 – D 0.07 0.0002 <MRL <MRL 0.0008 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

2,4,5 – TP Silvex 0.05 0.0004 <MRL <MRL 0.0002 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Adipates 0.4 0.001 <MRL <MRL 0.001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Alachlor (Lasso) 0.002 0.004 <MRL <MRL 0.0003 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Atrazine 0.003 0.002 <MRL <MRL 0.0001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Benzo(A)Pyrene 0.0002 0.00004 <MRL <MRL 0.000005 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

BHC – gamma 
(Lindane) 0.0002 0.00002 <MRL <MRL 0.00001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Carbofuran 0.04 0.001 <MRL <MRL 0.001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Chlordane 0.002 0.004 <MRL <MRL 0.0004 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Dalapon 0.2 0.002 <MRL <MRL 0.003 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Dibromo 
chloropropane 0.0002 0.00002 <MRL <MRL 0.00001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Dinoseb 0.007 0.0004 <MRL <MRL 0.0004 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Diquat 0.02 0.0004 <MRL <MRL 0.0008 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Endothall 0.1 0.01 <MRL <MRL 0.02 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Endrin 0.002 0.00002 <MRL <MRL 0.00001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Ethylene Dibromide 
(EDB) 0.00005 0.00001 <MRL <MRL 0.00001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Glyphosate 0.7 0.01 <MRL <MRL 0.01 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Heptachlor Epoxide 0.0002 0.00002 <MRL <MRL 0.00001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Heptachlor 0.0004 0.00004 <MRL <MRL 0.00001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Hexachlorobenzene 
(HCB) 0.001 0.0001 <MRL <MRL 0.00001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Hexachloro 
cyclolpentadiene 0.05 0.0002 <MRL <MRL 0.0001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Methoxychlor 0.04 0.0002 <MRL <MRL 0.00001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Pentachlorophenol 0.001 0.00008 <MRL <MRL 0.0002 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Phthalates 0.006 0.0013 <MRL <MRL 0.001 ND at MRL ND at MRL ND at MRL --- --- 

Picloram 0.5 0.0002 <MRL <MRL 0.0002 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Polychlorinated 
Biphenyls 0.0005 0.0001 <MRL <MRL 0.0002 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Simazine 0.004 0.0001 <MRL <MRL 0.0001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Toxaphene 0.003 0.001 <MRL <MRL 0.0006 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Vydate (Oxymyl) 0.2 0.002 <MRL <MRL 0.001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

 
Unregulated Synthetic Organic Chemicals (Results Measured In PPM) 

 
Portland Water Supply (Aug. 2003) Willamette Water Supply JWC (July 2002) 

Contaminant 
(ppm – mg/L) MCL 

MRL Bull Run Columbia 
Wellfield MRL Oct. 2003 April 

2004 
June 
2004 MRL Results 

Butylbenzyl phthalate --- 0.0005 <MRL --- 0.001 ND at MRL ND at MRL ND at MRL --- --- 

Di-n-butyl phthalate --- 0.0005 <MRL --- 0.001 ND at MRL ND at MRL ND at MRL --- --- 



MRL (Method reporting limit): The lowest level of a contaminant that can be reliably and consistently reported by the laboratory.  
MRLs vary with the analytical test method and the established reporting convention of the laboratory. 

MCL (Maximum Contaminant Level): The highest level of a contaminant allowed in drinking water. 
ND at MRL: The contaminant was not detected at a level equal to or above the laboratory’s method reporting limit. 
ND: ARBL: Not detected as reported by lab. These values were reported as non-detected, but TVWD doesn’t know the MRL. 
<: Less than 
---: The contaminant was not tested or was not reported to TVWD. 
 
1 ppm means that one part of a particular contaminant is present for every 1 million (1,000,000) parts of water. 1 ppm is equivalent to 1 minute in 2 years, 1 cent in $10,000 and 1 inch in 16 miles. 
1 ppb = .001 ppm, which means that one part of a particular contaminant is present for every 1 billion (1,000,000,000) parts of water. 1 ppb is equivalent to 1 second in 32 years, 1 cent in $10 million and 
1 inch in 16,000 miles. 
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Portland Water Supply (Aug. 2003) Willamette Water Supply JWC (July 2002) 

Contaminant 
(ppm – mg/L) MCL 

MRL Bull Run Columbia 
Wellfield MRL Oct. 2003 April 

2004 
June 
2004 MRL Results 

Di-n-octylphthalate --- 0.0001 <MRL --- 0.001 ND at MRL ND at MRL ND at MRL --- --- 

Diethyl phthalate --- 0.0005 <MRL --- 0.001 ND at MRL ND at MRL ND at MRL --- --- 

Dimethyl phthalate --- 0.0005 <MRL --- 0.001 ND at MRL ND at MRL ND at MRL --- --- 

Butachlor --- 0.001 <MRL <MRL 0.0003 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Metolachlor --- 0.002 <MRL <MRL 0.0003 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Metribuzin --- 0.001 <MRL <MRL 0.0002 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Aldrin --- 0.0001 <MRL <MRL 0.00001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Dieldrin --- 0.0001 <MRL <MRL 0.00006 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Propachlor --- 0.001 <MRL --- 0.06 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Dicamba --- 0.0005 <MRL <MRL 0.002 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

3 – Hydroxycarbofuran --- 0.004 <MRL <MRL 0.001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Aldicarb --- 0.002 <MRL <MRL 0.001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Aldicarb sulfone --- 0.001 <MRL <MRL 0.0007 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Aldicarb sulfoxide --- 0.003 <MRL <MRL 0.001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Carbaryl --- 0.004 <MRL <MRL 0.001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Methiocarb --- 0.002 <MRL --- 0.001 ND at MRL ND at MRL ND at MRL --- --- 

Methomyl --- 0.004 <MRL <MRL 0.001 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Paraquat --- 0.002 <MRL --- 0.002 ND at MRL ND at MRL ND at MRL --- --- 

 
Microscopic Examination 

 

Portland Water Supply (Aug. 2003) Willamette Water Supply (Treated Water) 

 
Bull Run 

(Untreated Water) 
Columbia  
Wellfield Oct. 2003 April 2004 June 2004 

JWC  
(Treated Water, 
August 2003) 

 Giardia 
Crypto 

sporidium 
oocysts 

Giardia 
Crypto 

sporidium 
oocysts 

Giardia 
Crypto 

sporidium 
oocysts 

Giardia 
Crypto 

sporidium 
oocysts 

Giardia 
Crypto 

sporidium 
oocysts 

Giardia 
Crypto 

sporidium 
oocysts 

Empty Cysts 
(no internal 
structure) 

--- --- --- --- ND: 
ARBL ND: ARBL ND: 

ARBL ND: ARBL ND: 
ARBL ND: ARBL ND: 

ARBL ND: ARBL 

Cysts/oocysts 
(amorphous 

internal 
structure (E) 

--- --- --- --- ND: 
ARBL ND: ARBL ND: 

ARBL ND: ARBL ND: 
ARBL ND: ARBL ND: 

ARBL ND: ARBL 

Cysts/oocysts 
(identifiable 

internal 
structure (F) 

--- --- --- --- ND: 
ARBL ND: ARBL ND: 

ARBL ND: ARBL ND: 
ARBL ND: ARBL ND: 

ARBL ND: ARBL 

Total Cysts/ 
oocysts in 

sample 
<2 <2 --- --- ND: 

ARBL ND: ARBL ND: 
ARBL ND: ARBL ND: 

ARBL ND: ARBL ND: 
ARBL ND: ARBL 

Positive 
Internal 

Staining (B) 
--- --- --- --- 0 0 0 0 0 0 0 0 

Positive Nuclei 
Staining (C) --- --- --- --- 0 0 0 0 0 0 0 0 



MRL (Method reporting limit): The minimum amount detected by the testing equipment 
MCL (Maximum Contaminant Level): The highest level of a contaminant allowed in drinking water 
ND at MRL = means the contaminant was not detected at the method reporting limit 
--- means the contaminant was not tested or was not reported to TVWD 
 
1 ppm means that one part of a particular contaminant is present for every 1 million (1,000,000) parts of water. 1 ppm is equivalent to 1 minute in 2 years, 1 cent in $10,000 and 1 inch in 16 miles. 
1 ppb = .001 ppm, which means that one part of a particular contaminant is present for every 1 billion (1,000,000,000) parts of water. 1 ppb is equivalent to 1 second in 32 years, 1 cent in $10 million and 
1 inch in 16,000 miles. 

5

 
Microbiological 

 
Portland Water Supply (Aug. 2003) Willamette Water Supply JWC 

(Continual) 
Contaminant MCL 

Bull Run Columbia Wellfield Oct. 2003 April 2004 June 2004 Results 

E. coli Absent Absent Absent 1.0 Absent Absent Absent 

Total Coliform 

No more 
than 1 

detected 
sample 

per month 

Absent Absent 1.0 Absent Absent Absent 

 
Dioxin (Results Measured In PPM) 

 
MCL Portland Water Supply (1993) Willamette Water Supply JWC 

Bull Run Columbia Wellfield Oct. 2003 April 2004 June 2004 --- 
0.000000003 

 0.0000000007 --- 
The dioxin of concern for 
drinking water was not 
detected. 

The dioxin of concern for 
drinking water was not 
detected. 

The dioxin of concern for 
drinking water was not 
detected. 

--- 

 
Disinfection By-products (Results Measured In PPB)* 

 
Portland Water Supply 

(Running average for 2004) 
Willamette Water Supply 

(March 2005) 
JWC 

(Running average for 2004) Contaminant 
(ppb) MCL 

Meter Vault Entry to Wilsonville Water System Cornelius Pass 

TTHMs 80 ppb 32.225 ppb (0.032225 mg/L )  5.62 ppb (0.00562 mg/L )  28.075 ppb (0.028075  mg/L) 

HAAs 60 ppb 24.55 ppb (0.02455 mg/L )  ND 30.05 ppb (0.03005 mg/L) 

 
* Portland and JWC Disinfection By-products were measured by TVWD at entry points to TVWD’s water system. Willamette Disinfection By-products were measured at the entry point to the 
Wilsonville water system. TTHMs (Total Trihalomethanes) include Chloroform, Bromodichloromethane, Dibromochloromethane and Bromoform. HAAs (Haloacetic Acids) include Dibromoacetic 
Acid, Dichloroacetic Acid, Monobromoacetic Acid, Monochloroacetic Acid and Trichloroactic Acid. 

 
Secondary Contaminants (Results Measured In PPM) 

 
Portland Water Supply Willamette Water Supply JWC  

Contaminant 
(ppm – mg/L) MCL Lusted Hill  

Treatment Facility 
(Aug. 2004) 

Groundwater  
Pump Station 

(July 2004) 
Jan. 2005 Hillsboro Treatment Plant 

Finished Water (Aug. 2004) 

Chloride 250 1.3 --- --- 4 

Hardness 250 7.9 66 23.2 – 28.2 26 

Aluminum 0.05-0.20 0.030 --- 0.946 ND 

Iron 0.3 0.092 0.052 ND ND 

Manganese 0.05 0.032 <0.01 0.038 ND 

Silver 0.1 <0.001 --- ND ND 

Zinc 5 <0.10 --- ND ND 

 
 



MRL (Method reporting limit): The minimum amount detected by the testing equipment 
MCL (Maximum Contaminant Level): The highest level of a contaminant allowed in drinking water 
ND at MRL = means the contaminant was not detected at the method reporting limit 
--- means the contaminant was not tested or was not reported to TVWD 
 
1 ppm means that one part of a particular contaminant is present for every 1 million (1,000,000) parts of water. 1 ppm is equivalent to 1 minute in 2 years, 1 cent in $10,000 and 1 inch in 16 miles. 
1 ppb = .001 ppm, which means that one part of a particular contaminant is present for every 1 billion (1,000,000,000) parts of water. 1 ppb is equivalent to 1 second in 32 years, 1 cent in $10 million and 
1 inch in 16,000 miles. 
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Radionuclides* 
 

Contaminant 
(pCi/L) MCL 

Portland Water Supply 
(Groundwater Pump  
Station, July 2003) 

Willamette Water Supply 
(Sept. 2002) 

JWC 
(Feb. 2003) 

Gross Alpha 15 ND 1.2 ND 

Combined Radium 
(226/228) 5 ND 0.9 ND 

Combined Uranium 30 0.05 0.01 ND 

Radon --- 25 --- --- 

* Radionucludes were measured in Picocuries per liter (pCi/L), a measure of radioactivity. 

 
Extractable Organics (Results Measured In PPM) 

 
Portland Water Supply (Aug. 2003) Willamette Water Supply JWC 

Contaminant 
(ppm – mg/L) MCL 

MRL Bull Run Columbia 
Wellfield MRL Oct. 2003 April 

2004 
June 
2004 MRL Results 

Azinphos-methyl --- --- --- --- 0.001 ND at MRL ND at MRL ND at MRL --- --- 

Bolstar --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Chlorpyrifos --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Coumaphos --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Demeton O-S --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Diazinon --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Dichlorvos --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Dimethoate --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Disulfoton --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

EPN --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Ethoprop --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Fensulfothion --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Fenthion --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Malathion --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Merphos --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Mevinphos --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Naled --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Parathion ethyl --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Parathion methyl --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Phorate --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

 
 
 
 
 
 



MRL (Method reporting limit): The minimum amount detected by the testing equipment 
MCL (Maximum Contaminant Level): The highest level of a contaminant allowed in drinking water 
ND at MRL = means the contaminant was not detected at the method reporting limit 
--- means the contaminant was not tested or was not reported to TVWD 
 
1 ppm means that one part of a particular contaminant is present for every 1 million (1,000,000) parts of water. 1 ppm is equivalent to 1 minute in 2 years, 1 cent in $10,000 and 1 inch in 16 miles. 
1 ppb = .001 ppm, which means that one part of a particular contaminant is present for every 1 billion (1,000,000,000) parts of water. 1 ppb is equivalent to 1 second in 32 years, 1 cent in $10 million and 
1 inch in 16,000 miles. 

7

Portland Water Supply (Aug. 2003) Willamette Water Supply JWC 
Contaminant 
(ppm – mg/L) MCL 

MRL Bull Run Columbia 
Wellfield MRL Oct. 2003 April 

2004 
June 
2004 MRL Results 

Ronnel --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Stirofos --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Sulfotepp --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Tokuthion --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

Trichloronate --- --- --- --- 0.0006 ND at MRL ND at MRL ND at MRL --- --- 

 
Unregulated Contaminants (Results Measured In PPB) 

 
Portland Water Supply (Jan. 2003) Willamette Water Supply JWC (Jan. 2003) 

Contaminant 
(ppb – ug/l) MRL Bull Run Columbia 

Wellfield MRL Oct. 2003 April 2004 June 
2004 MRL Results 

Perchlorate 4.0 <MRL --- 4.0 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

2,4 – Dinitrotoluene 2.0 <MRL --- 2.0 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

2,6 – Dinitrotoluene 2.0 <MRL --- 2.0 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

4,4’ – DDE 0.8 <MRL --- 0.8 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Acetochlor 2.0 <MRL --- 2.0 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

EPTC 1.0 <MRL --- 1.0 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Molinate 0.9 <MRL --- 0.9 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Terbacil 2.0 <MRL --- 2.0 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

DCPA (di-acid degradate) 1.0 <MRL --- 1.0 ND at MRL ND at MRL ND at MRL --- --- 

DCPA (mono-acid 
degradate) --- <MRL --- 1.0 ND at MRL ND at MRL ND at MRL --- --- 

Total DCPA --- --- --- 1.0 ND at MRL ND at MRL ND at MRL --- ND: ARBL 

Methyl Tert-Butyl Ether 5.0 <MRL --- 5.0 ND at MRL ND at MRL ND at MRL --- ND: ARBL 
(August 2003) 

Nitrobezene 10.0 <MRL --- 10.0 ND at MRL ND at MRL ND at MRL --- --- 

Diuron --- --- --- 1.0 ND at MRL ND at MRL ND at MRL --- --- 

Linuron --- --- --- 1.0 ND at MRL ND at MRL ND at MRL --- --- 

2 – Methylphenol 
(o-Cresol) --- --- --- 1.0 ND at MRL ND at MRL ND at MRL --- --- 

2,4 – Dichlorophenol --- --- --- 1.0 ND at MRL ND at MRL ND at MRL --- --- 

2,4 – Dinitrophenol --- --- --- 5.0 ND at MRL ND at MRL ND at MRL --- --- 

2,4,6 – Trichlorophenol --- --- --- 1.0 ND at MRL ND at MRL ND at MRL --- --- 

1,2 – Diphenylhydrazine --- --- --- 0.05 ND at MRL ND at MRL ND at MRL --- --- 

Diazinon --- --- --- 0.05 ND at MRL ND at MRL ND at MRL --- --- 

Disulfoton --- --- --- 0.05 ND at MRL ND at MRL ND at MRL --- --- 

Fonofos --- --- --- 0.05 ND at MRL ND at MRL ND at MRL --- --- 

Nitrobenzene --- --- --- 0.05 ND at MRL ND at MRL ND at MRL --- --- 

Prometon --- --- --- 0.05 ND at MRL ND at MRL ND at MRL --- --- 

Terbufos --- --- --- 0.05 ND at MRL ND at MRL ND at MRL --- --- 
 
 



MRL (Method reporting limit): The minimum amount detected by the testing equipment 
MCL (Maximum Contaminant Level): The highest level of a contaminant allowed in drinking water 
ND at MRL = means the contaminant was not detected at the method reporting limit 
--- means the contaminant was not tested or was not reported to TVWD 
 
1 ppm means that one part of a particular contaminant is present for every 1 million (1,000,000) parts of water. 1 ppm is equivalent to 1 minute in 2 years, 1 cent in $10,000 and 1 inch in 16 miles. 
1 ppb = .001 ppm, which means that one part of a particular contaminant is present for every 1 billion (1,000,000,000) parts of water. 1 ppb is equivalent to 1 second in 32 years, 1 cent in $10 million and 
1 inch in 16,000 miles. 
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Other Common Characteristics 
 

Portland Water Supply Willamette Water Supply JWC  

Contaminant MCL Lusted Hill Treatment 
Facility (Aug. 2004) 

Groundwater  
Pump Station 

(July 2004) 

Range Of Samples  
Taken In 2004 

Hillsboro Treatment Plant 
Finished Water (Aug. 2004) 

Turbidity (NTU) 5 
0.47 - 0.78 

(Taken at Bull Run 
 before treatment) 

0.55 0.03 – 0.09 0.039 

pH (Standard Units) 6.5 – 8.5 7.9 7.8 7.67 – 8.11 7.33 

Total Dissolved 
Solids (ppm) 500 29 --- 53.0 – 76.8 60 

Color (Standard Units) 15 10 5 Never exceeded 0 ND 

Specific 
Conductance/Concutivity 

(µmhos/cm) 
--- 32 179 79.5 – 115.2 89 

Water 
Temperature (°C) --- 15.7 15.7 4.6 – 24.5 --- 

Suspended 
Solids (ppm) --- 1.0 --- --- ND 

Total Solids 
(@ 180° C) --- 30 140 --- 60 

 



APPENDIX N



121 S.W. Salmon, Suite 900    Portland, OR 97204    PHONE: 503-225-9010    FAX: 503-225-9022 
 

TOPIC: City of Sherwood – Water System Master Plan, Water Quality 
Workshop, Meeting Discussion Summary 

DATE:   February 22, 2005 
LOCATION:  City of Sherwood Public Works Shops 
TIME:   1:00 pm – 4:00 pm 

 
 

1. Introductions – All  
 
2. Review existing water quality at wells – Uber 

a. Well No. 3 
b. Well No. 4 
c. Well No. 5 
d. Well No. 6 
e. Spada Well 

 
Discussion:  See attached summary of well data.  pH of existing 
wells ranges from 7.0 to 7.5.  At Well No. 5 a control valve is 
being installed to control flow as a measure to deal with CO2 
problem.  When Well No. 6 is operated as primary supply there 
are occasional taste and odor complaints.  If Spada well is 
brought on line it may be necessary to treat for TDS, BAT is RO, 
could be expensive ($2.0 m?)  It may be a good idea to do flavor 
profiling with this well if it is brought on line. 

 
 

3. Review water demand needs – Ginter 
 

Discussion:  See attached water demand table.   
 

4. Review current compliance with regulations – Fritzke  
a. Wells 
b. Distribution system 
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Discussion:  Coliform monitoring:  20 per month.  VOC/SOC – 
Non-detect.  Lead and Copper:  1 sample on Portland program.  
DBP – Low 30s to 40s.  Radon:  No regulation yet, include as 
possible cost for future treatment.   

 
5. Review anticipated new regulations – Kreft  

a. Short-term 
b. Long-term 

 
Discussion:  The City’s current regulatory compliance program 
is a mix of groundwater monitoring and surface water (from City 
of Portland).  Key issue for groundwater are Radon and possible 
treatment of Spada wells.  Lead and Copper compliance 
continues in coordination with Portland.  If Sherwood selects 
another surface water source, they may have to develop or 
participate in a new/other program.  PH2 DBP rule, IDSE, is on 
the horizon, the City’s development of an EPS model will put 
them in a good position to economically comply 
 

 
6. Review water quality issues related to source options – Uber/Fritzke/Kreft  

a. Supply from the City’s existing groundwater production facilities and the 
Spada well.  Uber 

 
b. Supply from the City of Portland through the Washington County Supply Line 

and the City of Tualatin.  Fritzke  
 

Discussion:  Ongoing compliance with existing wells.  Deal with 
CO2 concerns at Well No., though this is a secondary(or 
nuisance) concern w/rt to water quality.  If Spada comes on line 
there will need to be addressing of the secondary water quality 
issues as well.  If Radon rule is promulgated then an MMM or 
treatment may be needed.  The rule is in draft form now and it 
may be 2011 before it is promulgated, if then.  Radon is 
primarily an air quality concern that may be regulated through 
water system.  If new source (other than wells) is developed the 
public may become more aware of water quality (taste and odor) 
variances in the wells and new supply.  . Groundwater Rule:  
Currently changing and will require disinfection, the City is 
already doing this.  LTSWT:  Compliance is tied to water supplier, 
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right now no surface water supplier in this area is at risk for this.  
Portland will have to provide Crypto and Giardia inactivation.  
This will take a capital investment, it is currently not in the 
Portland’s 5 year CIP.  The consensus is that while this may be 
delayed, ultimately it will need to be done. 
 
TVWD will chlorinate JWC water if the District stays with the 
Portland supply.  Occasional low residuals and taste and odor 
problems. 

 
Sherwood’s compliance in step with City of Portland programs.  
Chloramine mixing with free chlorine from City’s existing wells is 
ongoing concern.  If selected as long-term supply and wells are 
used as emergency, the issue will become less of a concern. 

 
c. Supply from the Wilsonville Willamette River Water Treatment Plant.  Kreft 

 
Discussion:  No water quality concerns to date.  The WTP has 
been in operation since April 2002 and has been producing water 
that exceeds all water quality regulations.  The recent water 
quality testing comparison completed by TVWD shows that the 
drinking water produced from the WTP is of very high quality.  
The plant’s treatment processes were designed in anticipation of 
future regulations.  If added to Sherwood’s supply with wells the 
waters will mix ok, since both are free chlorine. 

 
d. Prospective use of Aquifer Storage and Recovery (ASR) using Sherwood’s 

existing connection to the City of Tualatin that supplies City of Portland water 
to Sherwood.  Uber  

 
Discussion:  This could be an issue with respect to Radon which 
will be taken up by the injected water.  Source water disinfection 
(chloramination or free chlorine) could also be an issue.  If Well 
No. 6 is used there may be an issue with iron and manganese.  
There is speculation that multiple injection and recovery cycles 
may buffer and ultimate reduce this problem. 

 
e. Supply from the Joint Water Commission.  Kreft/Fritzke 
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Discussion:  No water quality concerns.  Free chlorine 
disinfection.  Would be ok for ASR use. 

 
f. Supply from the City of Newberg.  Kreft 

 
Discussion:  Water quality issues are being dealt with through 
treatment.  Free chlorine disinfection.  Capacity and willingness 
of Newberg to supply Sherwood are greater issues. 

 
g. Supply from the Clackamas River.  Kreft 

 
Discussion:  No major water concerns.  Seasonal taste and odor 
issues related to algae blooms do occur.  Free chlorine 
disinfection. 

 
7. Develop water quality compliance strategy and recommendations for inclusion in 

water system master plan 
 

Discussion:  A compliance strategy depends in great part on the 
long-term water supply option that the City ultimately chooses.  
If a new supply is brought on line and the wells are used just for 
emergencies then secondary issues related to the wells become 
less of a concern.  It is anticipated that any new long-term 
supply option will be fully compliant with current regulations and 
that any source will remain compliant.  A final strategy and 
compliance plan should be developed following the selection of 
the long-term water supply option.  At the same time the City 
should be prepared to comply with DBP IDSE requirements.  As 
mentioned above this is being accomplished through the 
development of an EPS model. 
 
With the wells the City will need to deal with CO2 problems at 
Well No. 5, most likely have to treat Spada and deal with Radon.  
Well No. 6 treatment facilities must be maintained.  If ASR is 
used at Well No. 6 then treatment capacity will need to be 
expanded. 
 
For a Portland supply, Sherwood would remain under Portland’s 
lead and copper compliance program.  Sherwood may need to 
chloraminate wells of not use wells with Portland water. 
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A Willamette supply should work with existing wells, both use 
free chlorine.  It may end up being most cost efficient to use 
100% Willamette and use the wells only as emergency.  The 
public may demand this due to the wide variation in water 
quality from the wells.  The Willamette will end a very consistent 
supply. 
 
For ASR, chloramination may be needed at the wells if the source 
water is from Portland. 
 
The JWC may have chloramination issues if treatment changes.  
Sherwood will have compliance partners with JWC, as with other 
options like the Clackamas and Newberg.  Newberg is considered 
a groundwater source and may have less water quality issues. 
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Groundwater Well Water Quality Summary Table 
 

Well No./Name 
Production 
Capacity 

(gpm) 
Water Quality Summary 

3 890 

1. Radon @ 436 pCi/L (12/10/02)3 
2. Sodium @ 15.1 mg/l (11/21/03) and @9.4 mg/l 

(6/14/99)4  
3. Nitrate @ 0.6 mg/l (11/21/03)5 

4 250 1. Radon @ 922 pCi/L (12/10/02)3  
2. Nitrate @1.3 (6/14/99) @ 0.66 (6/18/96)5 

5 600 

1. Radon @ 750 pCi/L (12/10/02)3  
2. Sodium @ 18.6 mg/l (11/21/03) and @13.8 mg/l 

(6/14/99)4 
3. Bicarbonate and Total Akalinity @ 111 mg/l 

(1/28/05)8 

6 550 

1. Radon @ 332 pCi/L (12/10/02)3  
2. Sodium @ 57.6 mg/l (11/21/03)4, @ 64.2 mg/l 

(6/14/99) and @ 57.0 mg/l (1/31/97)4 
3. Pre-filter Iron @ 0.11 mg/l.  Post-filter Iron @ non-

detectable levels (12/6/00)1 
4. Pre-filter Manganese @ 0.032 mg/l.  Post-filter 

Manganese @ non-detectable levels (12/6/00)2. 

Spada  400 – 700 
1. Radon @ 590 pCi/L (12/10/02)3  
2. Chloride @ 260 mg/l (8/4/04)6 
3. Total dissolved solids @ 650 mg/l (8/4/60)7 

 
 Notes:   
 1. Secondary maximum contaminant level (SMCL) for Iron is 0.3 mg/l. 

2. SMCL for Manganese is 0.05 mg/l. 
3. No current maximum contaminant level (MCL) for Radon. 
4. Recommended MCL for Sodium is 20 mg/l. 
5. Recommended MCL for Nitrate is 10 mg/l. 
6. SMCL for Chloride is 250 mg/l. 
7. SMCL for Total Dissolved Solids is 500 mg/l. 
8. No current limits for Bicarbonate, limit for Total Alkalinity suggested at 400 mg/l. 
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Draft Water System Master Plan

Presentation to:  
City of Sherwood 
City Council

April 5, 2005

Presented by:
Chris Uber, P.E., Vice President
Brian Ginter, P.E., Staff Engineer



Sherwood’s Long-term Water Supply Options and Initial Screening

Options:

The City’s Existing Groundwater Production Facilities

Aquifer, Storage and Recovery (ASR) 

City of Portland Supply 

Joint Water Commission

City of Newberg

Clackamas River Supply

Willamette River Supply 

Options capable of supplying 10 mgd

City of Portland

Joint Water Commission

Clackamas River Supply

Willamette River Supply

Consider further narrowing of options



Basic Cost Assumptions

Project costs are conceptual, order of magnitude estimates 

Developed using existing data from previous and ongoing engineering studies 
and projects

Actual costs may vary

Direct partnering discussions have not been opened on any option.  Cost savings 
may be realized as agreements are reached and project details finalized.

All proposed supply alternatives, except Newberg and a variant of a Willamette 
River supply option, connect to Sherwood’s existing 24-inch diameter supply line.

Supply strategy options:

Maximize the use of the City’s existing groundwater supply wells

Initially size treatment capacity to 5 mgd and other facilities to 10 mgd

Incrementally increase treatment capacity as demands increase

Economic and water quality considerations may affect operational use of 
supplies



WATER SYSTEM MASTER PLAN

April 2005

04-0665.109

City of Portland Water System

WATERSHED 
IMPROVEMENTS

POTENTIAL



City of Portland Water System

Source

• The Bull Run 
watershed is on the 
slopes of Mt. Hood

• Columbia South 
Shore Well Field

• Existing watershed 
reservoirs 
No. 1 and No. 2 store 
approximately 16.7 
billion gallons

• Capacity to meet 
Sherwood’s needs 
can be developed

Required 
Infrastructure 
Improvements

• Possible water 
treatment plant 
and watershed 
source improvements 
may be needed

• Powell Butte 
Reservoir No. 2

• Conduit No. 5

• Transmission from 
Powell Butte

Regional Partnering 
Opportunities

• City of Tigard

• City of Tualatin

• Tualatin Valley Water 
District

• Others

Issues

• Source development 
risk

• Actual infrastructure 
needs

• Source vulnerability 
and distance

• Project permitting

• Governance

• Schedule

• No SDC Credit

Estimated Capital 
Costs

• $31 - $51 million



Joint Water Commission

WATER SYSTEM MASTER PLAN

April 2005

04-0665.109



Joint Water Commission

Source

• Trask and Tualatin 
Rivers and Scoggins 
Creek

• Raw water stored at 
Hagg Lake and 
Barney Reservoir

• The water is 
discharged into the 
Tualatin River, 
withdrawn and treated

Required 
Infrastructure 
Improvements

• Raw water reservoir 
upgrades, including 
dam raise and 
spillway 
improvements

• Water treatment plant 
upgrades

• New Fern Hill 
Reservoir

• Pump station 
upgrades

• New transmission line 

Regional Partnering 
Opportunities

• City of Tigard

• City of Tualatin

• Tualatin Valley Water 
District

• Clean Water Services

• JWC Members

• Others

Estimated Capital 
Costs

• $54 million

Issues

• Source development 
risks and limitations

• Water availability

• Water rights

• Project permitting 
needs

• Governance 

• Schedule

• System Reliability 
being evaluated



Clackamas River Water System

WATER SYSTEM MASTER PLAN

April 2005

04-0665.109



Clackamas River Water Supply System

Source

• The Clackamas River 
watershed covers 
over 940 square miles  

• Timothy Lake and 
runoff from the Ollalie 
Butte make up the 
headwaters of the 
Clackamas River

Required 
Infrastructure 
Improvements

• New intake

• Water treatment plant

• Pump station

• New transmission line

Regional Partnering 
Opportunities

• City of Tigard

• Lake Oswego

• City of Tualatin

• Others

Estimated Capital 
Costs

• $29 - $31 million

Issues

• Water rights 
availability

• Political 
considerations

• Ownership 

• Buy-in opportunities 
vs. wholesale

• Project permitting

• Schedule

• Potentially limited 
supply capacity for 
Sherwood



Willamette River Water Supply System

WATER SYSTEM MASTER PLAN

April 2005

04-0665.109

ALTERNATE 
TRANSMISSION 
ROUTE OPTION



Willamette River Water Supply System

Source

• The Willamette River 
basin

• Approximately 11,000 
square miles and 
containing 13 major 
sub-basins in all or 
parts of ten counties

Required 
Infrastructure 
Improvements

• Raw water pump 
station expansion

• Water treatment plant 
expansion

• High service pump 
station expansion

• Finished water 
transmission main 
from Wilsonville to 
Tualatin

Regional Partnering 
Opportunities

• City of Tigard

• City of Tualatin

• Tualatin Valley Water 
District 

• Others

Estimated Capital 
Costs

• 21.6 - $24.5 million

Issues

• Political 
considerations

• Public acceptance of 
source water

• Ownership 

• Governance

• Public vote of 
acceptance needed



Supply Option Comparison

Supply Source 
Options

Estimated 
Capital Cost

Cost Savings 
with Partners

Possible 
Relative  
Political 

Contention

$31.0 - $51.0 
million No

No

Yes

Yes

$54.0 million

$29.0 - $31.0 
million

$21.6 - $24.5 
million

Possible 
Relative 

Reliability 
Concerns

Key Issues/Comments

City of Portland Water 
System Yes No

Size, scope and cost of long-term 
supply system improvements 
uncertain

Joint Water 
Commission Yes Yes System reliability and certainty of 

supply is under evaluation

Clackamas River 
Water Supply System Yes Yes

System reliability and certainty of 
supply for the City of Sherwood is 
uncertain

Willamette River 
Water Supply System Yes No

Political and public perception key 
issue.  Will require a vote of 
approval from City residents



Next Steps

Draft Document Review

Council Presentation – Narrowing of Options

Complete Water System Financial Evaluation

Finalize Water System Master Plan and Draft Water Management and
Conservation Plan Documents

City Adopts Plans

Final Plan Submittals

WSMP submitted to Oregon DHS – Drinking Water Program

WMCP submitted to Oregon Water Resources Department



Summary

Question and Answer Session
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