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Introduction
The Tualatin Basin Water Supply Feasibility 
Study (WSFS) was begun in October 2001, and 
has identifi ed and assessed water supply options 
to meet the long-term needs of the Tualatin 
Basin. These water needs include instream fl ow 
restoration, municipal and industrial uses and 
irrigated agriculture. 

The WSFS accomplished the following objectives:

• Developed peak season water demand forecasts 
to the year 2050, and estimated future summer 
supply defi cits; 

• Screened a range of potential structural and 
non-structural water supply options;

• Evaluated three structural supply options, 
including a raise of Scoggins Dam by 20 feet 
and 40 feet and an irrigation exchange pipeline 
from the Willamette River, in more detail to 
understand the technical, environmental and 
economic feasibility of these options.

PROJECT PARTICIPANTS
The WSFS was funded and directed by a 
partnership of local water agencies, including:

WSFS Partners

Clean Water Services City of Sherwood

City of Tigard City of Tualatin

Tualatin Valley Water District City of Forest Grove

City of Hillsboro City of Cornelius

City of Beaverton City of North Plains

US Bureau of Reclamation City of Banks

The WSFS project was administered and managed 
by Clean Water Services. Technical representatives 
from the Partners regularly reviewed and discussed 
project fi ndings and made recommendations 
to their respective agencies. The US Bureau of 
Reclamation (Reclamation) was also a partner in 
the study. Reclamation conducted engineering 
feasibility work related to federally-owned facilities, 
reviewed WSFS work products for consistency with 
the National Environmental Policy Act (NEPA) and 
participated in project meetings.

ADVISORY GROUPS
Tualatin River Watershed Council (TRWC). The 
TRWC was used to provide stakeholder feedback 
throughout the WSFS. The TRWC was formed in 
1993 to provide recommendations to decision-
makers on issues that affect the protection, 
restoration, and enhancement of the quality of 
the Tualatin River Watershed. Membership on the 
TRWC includes representatives from:

TRWC Member Representation

Soil and Water Conservation District Tualatin Valley Irrigation District

Farm Bureau Nursery Industry

Business/Industries Home Builders/Development

Chambers of Commerce Educational Systems

Environmental Groups Forest and Wood Products Industry

Forest Landowners Citizen Participation Organizations

Citizens at Large Cities and Counties

Water Districts Sewer Districts

Park and Recreation Districts State Government

Federal Government Research and Technical Organizations 

Specifi cally, the TRWC was asked to comment 
on the source options, criteria, evaluation and 
recommendations of the WSFS.

Clean Water Advisory Committee (CWAC). The 
purpose of the 15-member CWAC is to review and 
discuss major policy issues and programs related to 
the management of wastewater and surface water in 
Washington County, and to make recommendations 
to the Board of Directors. Clean Water Services’ 
Board of Directors also serves as the Washington 
County Commission. The CWAC was regularly 
briefed on the Project and was asked to provide 
input into the source evaluation process and results, 
as well as ongoing public process review.

Policy Steering Committee (PSC). The PSC is 
charged with making policy recommendations to 
the Partners in the WSFS. This group is comprised 
of elected offi cials representing the partners in 
the WSFS, and held its fi rst orientation session 
in June 2003. In addition to making policy 
recommendations, the purpose of this group is to 
provide a forum for public comment and dialogue 
with policymakers, and to create an information 
resource for the local boards and councils as they 
move forward with making water supply decisions. 

Executive Summary
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The PSC will be asked to consider study fi ndings 
and public input approximately quarterly and to 
guide the overall progress of the water supply 
effort.

Regulatory Agencies. The natural resources 
agencies that will have regulatory authority for 
a future water supply project reviewed WSFS 
objectives and results during the course of the 
study. The agencies participated in a Scoping 
session in January 2002 and provided comment 
on WSFS results at a mid-course project briefi ng in 
February 2003. Participating agencies included:

Participating Natural Resource Agencies

US Army Corps of Engineers US Environmental Protection 
Agency

Oregon Department of Fish and 
Wildlife Oregon Division of State Lands

NOAA Fisheries US Fish and Wildlife Service

Oregon Department of 
Environmental Quality

PUBLIC INVOLVEMENT 
Public and stakeholder involvement for the WSFS 
was accomplished through a variety of methods. 
The advisory groups described above were an 
important aspect of the public involvement 
process. Other major activities that were completed 
during the WSFS to ensure ongoing opportunities 
for public input in the study. These included 
individual meetings with key stakeholder groups, 
meetings with potentially affected individuals, 
presentations, distribution of newsletters, billing 
inserts, attendance at community events and public 
displays, web surveys and media coverage. The 
public involvement program was administered and 
directed by Clean Water Services, with participation 
from the Partners and consultant team.

NEPA Process. The WSFS was conducted consistent 
with federal NEPA requirements. One of the 
primary source options investigated in the WSFS is 
a raise of Scoggins Dam, which is a federally-owned 
and operated facility. Any action that could be taken 
in the future that would affect the dam or reservoir 
operations would require approval by Reclamation. 
Compliance with NEPA is a Federal responsibility, 
and requires full disclosure about major actions 
being proposed by Federal agencies. 

Scoping. A Notice of Intent to fi le an Environmental 
Impact Statement (EIS) and an announcement of 
public scoping meetings were fi led in the Federal 
Register on December 13, 2001. At scoping 
meetings, the public was invited to comment on 
a broad range of alternative water supply options. 
The need to prepare an EIS is anticipated because 
of the Federal action that would be required as part 
of a potential dam raise project. 

The Need for Additional Water 
Supply in the Tualatin Basin
The purpose of a Tualatin Basin water supply 
project is to provide water to meet existing peak 
season municipal and industrial (M&I), agricultural 
and environmental needs within the Basin, and 
to ensure reliable water supplies to the year 
2050. Water demands in the Tualatin Basin are 
projected to increase over the next 50 years as a 
result of population growth and more stringent 
environmental regulation.

RIVER FLOW RESTORATION 
A major component of existing and future unmet 
need in the Basin is water for fl ow restoration in the 
Tualatin River and its tributaries. The Tualatin River 
historically experiences low fl ows in the summer 
months, and yields less than 2 percent of its total 
annual discharge between the months of June and 
September. Low water fl ows coupled with high 
natural phosphorous levels and high temperatures 
have created chronic water quality problems, 
particularly in the lower reaches of the River’s 
mainstem. Impacts from urban development, 
farming and increased water withdrawals have 
contributed to the degradation of water quality in 
the Tualatin River and its tributaries. 

Fig. 1 Tualatin River
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Clean Water Services is the agency responsible for 
meeting federal and state water quality standards 
established for the River and its major tributaries. 
Numerical standards have been established by 
the Oregon Department of Environmental Quality 
(DEQ) for nutrients, bacteria, dissolved oxygen 
and temperature. As one strategy to meet these 
standards, Clean Water Services maintains contracts 
for the release of stored water from Hagg Lake and 
the Barney Reservoir to augment river fl ow. Flow 
augmentation in the dry summer and fall months 
provides the following signifi cant water quality 
benefi ts to the Tualatin River:

• reduction of phosphorous levels;

• maintenance of dissolved oxygen levels;

• relatively economical alternative for “cooling” 
the River, alleviating the temperature effects 
of wastewater treatment plant discharges and 
natural solar heating; and

• enhancement of fi sh habitat and fi sh passage, 
needed for protection of Tualatin River 
salmonids recently listed as “threatened” under 
the Endangered Species Act.

Clean Water Service’s current fl ow restoration 
program is a compromise between the amount 
of water desired for water quality improvement 
and the amount available for release. Clean Water 
Services currently owns water 
rights or long term contracts 
for about 14,000 acre-feet (AF) 
of stored supply on an annual 
basis. Flow augmentation above 
current levels is needed in some 
years in order to meet the water 
quality needs listed above. Also, 
the current fl ow augmentation 
program only addresses water 
quality needs of the River’s 
mainstem, while the most severe 
water quality problems exist 
in the tributaries. Additional 
stored water supplies would 
be required in order to address 
water quality improvement in 
the tributaries. Clean Water 
Services has estimated that a 
supply increase of 15,000 AF per year is desirable, 
and would provide additional water quality 
improvements.

MUNICIPAL AND INDUSTRIAL DEMAND 
The Tualatin Basin and Washington County includes 
11 cities, and a total population of 460,000. Water 
service is provided by local agencies and cities, as 
well as wholesale supply from the City of Portland. 
Current municipal and industrial (M&I) demands 
total about 16 billion gallons over the summer 
months. 

For the municipalities in the Tualatin Basin, peak 
season demand (defi ned as demand between the 
months of May through October) must be met by 
stored supplies in Hagg Lake, the Barney Reservoir 
(owned by the Joint Water Commission) and by the 
City of Portland’s Bull Run reservoirs. Currently, 
approximately 30 percent of the M&I demand in 
the Tualatin Basin is met by importing water from 
the Bull Run watershed east of Portland. 

M&I demands are projected to approximately 
double due to population growth in Washington 
County over the next 50 years. By 2050, 
approximately 30 billion gallons (92,000 acre-
feet) of peak season municipal supply will be 
needed. Table ES-1 indicates peak season demand 
projections for Washington County water providers.

Table ES-1
Projected Peak Season Municipal Demand, 

(Billions of Gallons), September, 2003

In order to estimate future supply needs for the 

Water Provider 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Beaverton 2.4 2.6 2.8 3.0 3.2 3.5 3.5 3.5 3.5 3.5 3.5

Hillsboro 2.8 4.7 6.2 6.5 6.7 6.9 7.1 7.2 7.3 7.3 7.4

Forest Grove 0.9 1.0 1.1 1.3 1.4 1.6 1.8 1.8 1.8 1.8 1.8

Tualatin Valley 
WD 6.0 6.9 7.8 8.9 9.9 10.0 10.2 10.3 10.4 10.5 10.6

Tigard 1.6 1.7 1.8 1.9 1.9 1.9 2.0 2.0 2.0 2.0 2.1

Tualatin 1.1 1.2 1.3 1.5 1.6 1.7 1.8 2.0 2.1 2.2 2.4

Raleigh WD 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

West Slope WD 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

Sherwood 0.3 0.5 0.7 0.8 1.0 1.0 1.1 1.1 1.1 1.2 1.2

Cornelius  -  -  -  -  -  -  -  -  -  -  -

Banks 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5

Gaston  -  -  -  -  -  -  -  -  -  -  -

North Plains 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.4 0.4 0.4 0.5

TOTAL 16.2 19.8 23.0 24.9 26.9 28.0 28.8 29.3 29.8 30.2 30.5
Note: City of Cornelius and Gaston demands are included with Hillsboro
Note: Demand fi gures are being revised as part of RWSP update.
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M&I sector, demand projections must be compared 
to existing supplies. Total existing capacity is about 
21 billion gallons (64,000 AF). Existing supplies 
are a combination of stored water in Hagg Lake 
and Barney Reservoir, natural fl ow rights on the 
Tualatin River and its tributaries, groundwater and 
wholesale purchase from the City of Portland. 

Considering the water demands of the Basin in 
the aggregate, peak season municipal demand will 
exceed existing supplies before 2010. Ultimately, 
about 10 billion gallons of new municipal supply 
(30,000 AF) is needed to meet municipal demand to 
the year 2050.

AGRICULTURAL DEMAND 
The Tualatin River watershed has 75,000 acres 
of irrigable agricultural land, of which 27,500 
acres are currently being irrigated. The sources of 
irrigation water are groundwater, natural fl ow from 
the Tualatin River and its tributaries, and stored 
water from Hagg Lake. Major irrigated crop varieties 
include berries, silage corn, vegetables, clover and 
nursery stock. The average farm size is 40 acres. 
The largest farms are approximately 250 acres. The 
demand for irrigation water has stabilized in 
recent years.

Fig. 2 Irrigation in the Tualatin Valley

The Tualatin Valley Irrigation District (TVID) is 
currently authorized by federal contract with the 
U.S. Bureau of Reclamation to irrigate up to 17,000 
acres in the Tualatin Valley. Natural fl ows from the 
River are used to supply irrigation needs at the 
beginning of the season. As River fl ows decrease, 
the TVID transfers to stored water in Hagg Lake to 
meet irrigation demand. 

Approximately 10,500 acres of irrigated agricultural 
land in the Tualatin Valley is not served by TVID. 
This land is located both inside and outside of the 
TVID service boundaries, and is irrigated with 
water from the Tualatin River and its tributaries 
through the exercise of individual water rights. 
It is estimated that non-TVID land receives 
approximately 10,500 AF of water during a normal 
year, based on an assumed irrigation rate of one AF/
acre (MW, 1998).

There is currently an adequate water supply for 
agricultural irrigation within the TVID service area. 
The production of containerized and fi eld nursery 
stock, which uses more water than other crops, has 
been increasing however. If this trend continues, 
the current supply may be inadequate. Climate 
change may also infl uence future demand and 
supply. Warmer, dryer summers would increase the 
demand for agricultural irrigation. 

Future water supply planning should be able to 
provide the fl exibility to meet increased need for 
irrigation. Even if water demands do not increase 
over time in this sector, shifts may occur in where 
and when irrigators withdraw water from the River 
and its tributaries. These changes may be required 
as a response to the ESA or other environmental 
regulations. New water supply projects in the Basin 
may also cause a shift in demand patterns.

Water Source Options 
Identification and Screening
The identifi cation of potential source options in the 
WSFS relied on past evaluations by water providers 
in the Portland metropolitan region, including:

• Regional Water Supply Plan, Phase I (1992) 
– evaluated 29 different source options in the 
region, recommended 6 for further investigation;

• Regional Water Supply Plan, Phase II (1996) 
– detailed evaluation of 6 source options;

• Reclamation Tualatin Project, Phase II 
(1970’s) – looked for a second major storage 
site in the Tualatin Basin, public opposition 
stopped development;

• Integrated Water Resources Management 
Strategy (1999) – identifi ed fi nding new water 
sources as a priority action item, brainstormed 
potential source options.
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Based on the results of previous investigations, 
and using feedback from study participants and 
stakeholders, the following potential source options 
were considered in the WSFS:

Water conservation - programs and policies that 
reduce the demand for municipal/industrial and 
agricultural water supplies.

Wastewater reuse – use of treated wastewater 
for irrigation. 

New Tualatin Basin storage - This supply category 
includes four specifi c options:

Scoggins Dam raise. A constructed raise of the 
existing dam. 

New in-line storage on a Tualatin River 
tributary. A new dam on a tributary, similar to 
the existing Scoggins Dam.

Off-line storage on a Tualatin River tributary. 
Water would be impounded away from tributaries 
in the high fl ow season and pumped back to the 
tributary during low fl ows, in order to improve 
water quality. This source option would satisfy 
instream water needs only.

New dam downstream from the current 
Scoggins Dam, and upstream from Stimson 
Lumber. This facility would provide storage to 
supplement the existing Hagg Lake supply. 

Aquifer storage and recovery (ASR) - A method 
which is already in use for municipal supply, ASR 
injects treated drinking water into underground 
aquifers during low demand periods of the year. 
The stored groundwater is then withdrawn through 
wells to provide peak season and peak day supply. 

Purchase from the City of Portland - This supply 
option is assumed to satisfy municipal needs 
only. There are two scenarios for Portland system 
expansion that could provide additional water 
to Washington County users. The fi rst scenario 
includes the near-term (by 2020) expansion of 
supply capacity through fi ltration treatment and 
a raise of the existing Bull Run Dam Number 
2. A second, longer-term expansion includes 
the construction of a third dam in the Bull Run 
watershed. Both scenarios would require the 
construction of a new transmission pipeline to 
Washington County.

Irrigation Exchange Pipeline from the 
Willamette River - A raw water pipeline from 
the Willamette River in the Newberg area would 
provide irrigation supply to TVID in lieu of their 
existing Hagg Lake supply. 

SCREENING OF SOURCE OPTIONS
The source options listed above were evaluated 
by the Partners and stakeholder groups to identify 
those that should be carried forward for additional 
technical study. Criteria and assumptions were 
developed for use in comparing the water source 
options. The qualitative screening criteria that 
were applied are listed in the table below. Criteria 
were not ranked or prioritized. The assumptions 
and evaluation criteria were modifi ed based 
on comments received from the Tualatin River 
Watershed Council, and from comments received 
during the Scoping phase of this project. 

Screening Criteria

cost allocation effi ciency 

cost institutional and fi nancial feasibility 

legal and regulatory feasibility supply reliability 

emergency reliability water quality 

recreation fl ood control 

environmental impact timeliness 

property rights security 

Evaluation of Source Options
The potential source options were evaluated 
qualitatively by the Partners, CWAC, TRWC and the 
PSC by considering the criteria listed above and the 
desireability of having geographically diverse water 
supplies for the region. Existing information on 
the feasibility, cost and impacts of potential source 
options was collected and reviewed. For source 
options where no existing data was available, 
planning-level studies were conducted to make an 
initial determination of suitability relative to the 
criteria.

The objective of the screening process was to 
identify those source options that warrant further 
study. Source options not being carried forward 
in the WSFS can be revisited in the future. The 
recommendations from the screening phase are 
summarized in Table ES-2.
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Table ES-2
Summary of Recommendations

Source Options Not Evaluated in the WSFS

New in-line tributary storage
Off-line tributary storage
Bull Run Dam #3 

Source Options Assumed to be Components of All Supply Alternatives

Water conservation
Wastewater reuse
Aquifer storage and recovery 

Source Options Evaluated in the WSFS

Scoggins Dam Raise at 20 feet
Scoggins Dam Raise at 40 feet
Irrigation Exchange Pipeline from Willamette River

Source Options Needing Further Study

Near-term Additional Supply Improvements from Portland 
Stimson Dam

Source options not evaluated in the WSFS. 
These options were rated very low in terms of their 
ability to satisfy one or more criteria, and were not 
recommended for detailed evaluation. New in-line 
and off-line storage in the Tualatin Basin was judged 
to have signifi cant potential for environmental, 
land use and water rights confl icts. The Bull Run 
Dam #3 is a promising potential supply, however 
development of this supply is not under the 
Partners’ control. 

Source options assumed to be part of all 
alternatives. These source options were perceived 
as strongly positive in one or more evaluation 
criteria. These options include two approaches 
to demand reduction: water conservation and 
wastewater reuse. This class of options also 
includes ASR. On their own or combined together, 
these options cannot meet the identifi ed water 
needs of the Basin- but they can readily be 
combined with other structural options to meet the 
total need.

Source options evaluated in the WSFS. A raise of 
Scoggins Dam and an irrigation exchange pipeline 
bringing water from the Willamette River were 
recommended for more detailed evaluation.

Source Options Needing Further Study. 
The near-term availability, quantity and cost 
of additional supply from Portland must be 
confi rmed. This option appears to be technically 
and environmentally feasible, but is dependent on 
a raise of Bull Run Dam #2, installation of fi ltration 
treatment, and construction of a second major 
transmission line across the Willamette River. 
Again, this supply option is outside the direct 
control of the WSFS Partners. The Stimson Dam 
option was initially rejected by the Partners on the 
basis of cost, and was not evaluated in detail in 
the WSFS. Reclamation later recommended further 
evaluation of this source option, which will be 
conducted by Reclamation in 2003/2004.

Evaluation of Source Options 
The WSFS examined the feasibility and cost of three 
primary source options – a raise of Scoggins Dam 
by 20 and 40 feet, and an exchange pipeline from 
the Willamette River to provide irrigation supply. 
The technical study results are summarized below. 
Major results are also highlighted in Table ES-3.

SCOGGINS DAM RAISE – 20 FEET
A 20-foot dam raise was selected for evaluation 
by the Partners based on its expected reliability 
of fi lling, and reasonable economic impacts. 
No major new structures, apart from the raise 
of the dam itself, would be required under this 
scenario. Reclamation conducted the preliminary 
engineering review of the 20-foot raise option 
(Reclamation, 2003). The usable storage capacity of 
the reservoir would be increased by 24,300 
acre-feet.

SCOGGINS DAM RAISE – 40 FEET
The 40-foot raise scenario was selected for 
evaluation by the Partners based on the higher yield 
of the project and anticipated reasonable impacts 
to non-federal property. The 40-foot raise would 
require the construction of a spillway in a new 
location on the left abutment, with removal of the 
existing spillway. The project would also include 
a new approach channel, a new intake, new chute 
and stilling basin. Reclamation has conducted the 
preliminary engineering review of the 40-foot raise 
option (Reclamation, 2003). The usable storage 
capacity of the reservoir would be increased by 
52,550 acre-feet.
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Fig. 3 Effect of a Scoggins Dam Raise on Reservoir Levels
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IRRIGATION EXCHANGE PIPELINE FROM THE 
WILLAMETTE RIVER
The Pipeline would convey untreated water from 
the Willamette River to serve the irrigation needs 
of the Tualatin Valley Irrigation District (TVID). 
The TVID maintains a contract with Reclamation 
for 27,000 acre-feet of stored water in Hagg Lake. 
Under this supply option, the Irrigation Exchange 
Pipeline would replace most of the TVID’s water 
demand on Hagg Lake. The resulting surplus stored 
water would be re-allocated to meet instream fl ow 
and M&I demands.

The Irrigation Exchange Pipeline system was 
conceptually sized to convey 25,000 acre-feet per 
year over the typical 150-day irrigation season. 
The major components of the system are an intake 

and pump station, a pipeline, and equalization and 
terminal storage reservoirs. The pipeline length 
is approximately 23 miles and is sized at 48 to 54 
inches in diameter. For this analysis, it was assumed 
that the pipeline would be entirely contained 
within existing road right-of-ways. MWH conducted 
a planning-level engineering evaluation of this 
option (MWH, 2002).

TECHNICAL STUDY RESULTS
Studies were conducted in specifi c technical 
areas to better understand the environmental, 
engineering and fi nancial feasibility of the three 
water source options. Study areas included impacts 
to soils, hydrology, water quality, biological 
impacts including fi sheries resources, land use and 
recreation.

Fig. 4 Conceptual Willamette River Irrigation Exchange Pipeline Alignment



WATER SUPPLY FEASIBILITY STUDY - EXECUTIVE SUMMARY 9

Replace page with 11x17 fold-out



WATER SUPPLY FEASIBILITY STUDY - EXECUTIVE SUMMARY 10

Existing soils, geology and seismicity information 
was reviewed for the impacted project areas.

Scoggins Dam Raise – 20 and 40-feet. The 
potential impacts to geologic formations and soils 
during raising of the dam and related construction 
could be signifi cant. Some of the soils on steeper 
slopes around the reservoir are prone to erosion 
and rapid runoff. Extensive landslide activity has 
historically occurred around the Lake. 

To control construction impacts, the Project 
facilities would be subject to the requirements of 
a National Pollutant Discharge Elimination System 
(NPDES) storm water construction permit and 
other pertinent construction and project operation 
permits and pollution control regulations. Properly 
followed, these best management practices will 
reduce and control the impact of construction. 

More analysis is needed to determine the effects 
of the raise and related construction on known 
landslide areas, and to develop a plan to control or 
avoid these slide areas.

Reclamation has reviewed the seismic hazard 
for the existing dam, and has concluded that the 
facility is stable under predicted maximum credible 
earthquake events. The dam raise would not affect 
this conclusion (Reclamation, 2003). Reclamation is 
scheduled to perform a more in-depth seismic study 
of the existing facility, based on new information 
and technology of seismicity in the area. 

Irrigation Exchange Pipeline. Project-related 
impacts that could increase the potential for 
landslides are low. Potential impacts to geologic 
formations and soils during construction are low. 
The Project would temporarily alter the landscape 
during installation of the pipeline and stockpiling 
of excavated material. Erosion could occur from 
land-clearing activities, pipe trench excavation, 
pipe installation, soil stockpiles, and truck traffi c 
along the right-of-way. The potential for impacts to 
the pipeline by erosion at stream crossings is low. 

Results of the combined relative hazard assessment 
indicates that earthquake-induced hazards for the 
pipeline alternatives through Newberg and Dundee 
are relatively low to moderate, whereas the hazards 
are relatively moderate to high south of Newberg to 
the Willamette River and along drainage channels. 

The pipeline would be subject to the requirements 
of a National Pollutant Discharge Elimination 
System (NPDES) storm water construction permit 
and other pertinent construction and project 
operation permits and pollution control regulations. 
These regulations would require the development 
of an erosion control plan and implementation of 
erosion control best management practices (BMPs) 
during project construction and operation. 

Current engineering standards would be used in 
design. Application of these standards in project 
design will provide adequate protection for 
facilities and ensure protection measures for human 
safety given the moderately high seismic risk.

SOILSSOILS
IMPACTS AND MITIGATION
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A water balance model was developed to simulate 
reservoir yield and downstream fl ow impacts. The 
ability of the source options to meet demand was 
evaluated for existing and predicted future demand 
scenarios.

Scoggins Dam Raise – 20 and 40-feet. A simple 
measure of reservoir yield is the number of 
years the reservoir would be expected to satisfy 
demand, with 90 percent reliability (i.e. shortfalls 
could occur in 10 percent of the years). Table 
ES-4 summarizes basic information on predicted 
reservoir yield for existing, contract and predicted 
2050 demands. 

Table ES-4
Model Scenarios and Annual Yield

Model Scenario Percent of Demand Met 
at 90% Reliability

Existing project, existing demand 100

Existing project, contract demands 85

Existing project, future demands 50

20-foot raise, future demands 56

40-foot raise, future demands 57

Under current conditions, the existing reservoir 
can meet 100 percent of demand. However, the 
exisiting reservoir could only meet 85 percent 
of the demands allowed by current contracts. 
More signifi cantly, under predicted 2050 demand 
conditions, the existing project could meet only 
half of predicted demands. A 20-foot raise can 
meet 56 percent of future demands, and the 40-
foot raise meets an additional percentage point 
of future demand. Reliability will decrease over 
time, as demands on the reservoir increase to 2050 
projections.

The dam raise options, even to 40 feet, provide 
relatively modest increases in reservoir yield 
because of the natural hydrologic limitations of the 
watershed. In many years, there is not suffi cient 
natural runoff to fi ll an expanded reservoir. To 
improve reservoir fi lling and reliability, the Partners 
evaluated the effect of a water diversion tunnel 
that could capture excess winter fl ows from the 
upper Tualatin River and convey these waters to 
Hagg Lake to aid in winter-time fi ll. The tunnel has 

been assumed to capture approximately 20,000 AF 
of surplus winter fl ow. Table ES-5 summarizes the 
effect of the diversion tunnel.

Table ES-5
Effect of Diversion Tunnel on Reservoir Reliability

Model Scenario Percent of Demand Met at 90% 
Reliability

20-foot raise, future demands 56

20-foot raise + tunnel, future demands 70

40-foot raise, future demands 57

40-foot raise + tunnel, future demands 77

The addition of the tunnel greatly improves yield 
for both dam raise options. The existing reservoir 
is currently operated on an annual fi ll and release 
cycle, where all available water for the year is 
used and reservoir refi lls the following winter. 
Another strategy to improve yield and reliability 
is to “carry over” surplus supply from wet and 
moderate years to provide insurance for dry years. 
Different operational strategies to improve yield 
and reliability will be evaluated in the next phase of 
the Tualatin 
supply effort.

Irrigation Exchange Pipeline. Ample water supply 
is available from the Willamette River to meet the 
irrigation needs of TVID at 100 percent reliability. 
The hydrologic impacts of this source option on 
Hagg Lake deliveries were evaluated using the 
hydrologic model. Using the same reliability criteria 
described above, the Irrigation Exchange Pipeline 
would ensure that Hagg Lake would be able to 
meet 100 percent of existing contract demands for 
M&I users and CWS, at 90 percent reliability. The 
Pipeline would ensure that Hagg Lake could meet 
66 percent of future demands imposed by M&I 
users and CWS at 90 percent reliability. 

Comparing these results to the dam raise options 
summarized in Table ES-5, the Pipeline provides 
more supply than the 20-foot or 40-foot raise 
options alone, but less than a Scoggins Dam raise 
with the diversion tunnel, at either height.

The effect of a planned pipeline to deliver water 
directly to the municipal treatment plant must be 
evaluated in the next phase of work.

HYDROLOGYHYDROLOGY
IMPACTS
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The effects of additional instream fl ow releases 
from Hagg Lake on water quality in the Tualatin 
River were qualitatively evaluated, based on 
the hydrologic simulations described above and 
available literature. Extensive modeling has been 
conducted by the US Geological Survey (USGS) 
and CWS to understand the relationship between 
river fl ow and water quality parameters including 
nutrients, dissolved oxygen, algae and temperature. 

A direct relationship exists between river fl ow 
and water quality. Low fl ows in the River result in 
longer travel times and therefore warmer water 
due to solar gain, low dissolved oxygen, pH (acid/
base balance) changes, and increases in algae 
concentrations. These water quality effects are 
detrimental to the fi sh and aquatic species that 
have been targeted for protection in the River. An 
understanding of this relationship between fl ow 
and water quality has formed the basis of CWS’ 
fl ow augmentation program. 

CWS has established fl ow targets in the mainstem 
to maintain water quality during the summer and 
fall months. A primary fl ow target point has been 
established at Farmington Road, at approximately 
River Mile 33. Flow targets are 120 cubic feet per 
second (cfs) for May through July, 150 cfs in August 
and 200 cfs in September and October. 

Scoggins Dam Raise – 20 and 40-feet. In order 
to understand the impact of these source options 
on water quality, a comparison was made between 
the number of months that the fl ow target at 
Farmington would not be met, over a simulated 73-
year period. Table ES-6 summarizes these results.

Table ES-6
Model Scenarios and Flow Targets

Model Scenario Number of Months Target Flow at 
Farmington Is Not Met

Existing project, contract demands 126

20-foot raise, future demands 39

20-foot raise + tunnel, future 
demands 30

40-foot raise, future demands 32

40-foot raise + tunnel, future 
demands 19

The raised facility improves CWS’ ability to meet 
instream fl ow targets, by providing an assumed 
additional 15,000 AF of supply. The Upper Tualatin 
diversion tunnel described earlier further improves 
the maintenance of water quality. Under the 20-
foot raise scenario with the tunnel, the number of 
months not meeting fl ow target drops to 30 (down 
from 39). Under the 40-foot raise scenario with the 
tunnel, the number of months not meeting target 
drops to 19 (down from 32).

Irrigation Exchange Pipeline. The Pipeline 
also improves water quality in the Tualatin River 
by creating more available storage in Hagg Lake 
for CWS to use for river fl ow restoration.  With 
the pipeline in place, the number of months not 
meeting fl ow targets drops to 35 months over the 
73-year simulation period.  This option is roughly 
intermediate to the dam raise scenarios with 
respect to water quality benefi ts, as measured by 
the number of months not meeting fl ow targets.  

WATER QUALITYWATER QUALITY
IMPACTS AND MITIGATION
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A raise of Scoggins Dam to two heights was 
evaluated for its effect on vegetation, wetlands, 
wildlife and wildlife habitat, including special-status 
species. Methods of evaluating impacts included 
preliminary review of existing data followed by 
fi eld investigations. Field studies encompassed the 
new inundation area, plus a 200-foot perimeter 
area. In areas where the perimeter road is planned 
for relocation due to the change in water level, 
these affected areas were also evaluated. 

The Irrigation Exchange Pipeline was evaluated at 
a lower level of detail, because of the assumption 
that the pipeline would be entirely buried within 
road right-of-ways. A reconnaissance-level survey of 
the conceptual pipeline route was conducted, and 
vegetation at stream crossings, forested patches and 
wetland areas along the route were mapped.

Scoggins Dam Raise – 20 and 40-feet. A total of 
almost 700 acres of vegetation would be impacted 
by the 40-foot raise, including coniferous and 
deciduous forest, as well as non-native shrubs and 
grasses. One half or more of the land area that 
would be impacted under the dam raise options 
is low quality habitat, having a vegetative cover of 
non-native shrubs or grasses. High quality habitat 
made up the smallest percentage of land area that 
would be impacted by both alternatives.

Mitigation may be required for impacts to the 
medium and high quality forested areas, which 
comprise about 47 percent of the total impacted 
area. The 20-foot raise impacts almost 500 acres of 
vegetation, of which a smaller fraction is medium 
and high quality forest (44 percent). Comparable 
habitat for mitigation purposes has been identifi ed 
in the perimeter zone, allowing for on-site 
mitigation. 

The dam raise options would permanently impact 
wetlands and other waters by increasing the normal 
full pool elevation of the reservoir. Additional 
impacts would occur as a result of related 

improvements and road relocation. Approximately 
58 acres of wetlands and 6 acres of existing stream 
would be inundated by the 40-foot raise. About 47 
acres of wetlands and 4 acres of streams would be 
inundated by the 20-foot raise. 

Mitigation would be required to replace the 
wetland functions that are lost as a result of the 
project. Mitigation may occur through restoration 
of previously lost wetland areas, creation of new 
wetlands or enhancement of existing wetlands. 
Wetland mitigation for the dam raise options would 
probably require a combination of onsite and offsite 
measures. A substantial amount of onsite mitigation 
opportunities exist around Hagg Lake. A dam raise 
would create new fringe wetland areas. Planned 
grading could further increase wetland areas.

The Oregon Natural Heritage Program (ONHP) 
provided records for eleven terrestrial threatened, 
endangered or sensitive (TES) species within a 5-
mile radius of Hagg Lake. Only one observation 
was recorded in the project impact area –the 
Northwestern pond turtle, which is a federally-
listed species of concern. One observation of a 
bald eagle was recorded near the project area, 
about 1,000 feet from the 40-foot dam raise 
inundation line. There is currently an active bald 
eagle nest in this location. The relative absence of 
TES species in the project area may be due to the 
historic degradation and disturbance of habitat. 
The reviewing natural resource agencies may 
require additional study of potential impacts to the 
bald eagle and Northwestern pond turtle, and will 
participate in the design of mitigation strategies. 

Currently, 106 acres in Scoggins Valley Park are 
designated as elk meadow habitat. Mitigation sites 
would need to be found for any existing habitat 
that is impacted. The 40-foot raise is anticipated to 
inundate almost 60 acres of elk meadow, while the 
20-foot raise would inundate about 46 acres. A total 
of 68 acres of suitable replacement habitat have 
been identifi ed inside the Park, with another 60 
acres outside the Park.

BIOLOGYBIOLOGY
IMPACTS AND MITIGATION
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Irrigation Exchange Pipeline. Mitigation for vegetation impacts would be minimal because the pipeline 
would be in the roadway. The pipeline could be directionally-drilled under wetlands or drainages and 
placed under existing culverts to avoid impacts to wetlands. Assuming that temporary impacts due to 
construction are controlled and that natural areas are restored to pre-construction functioning levels, little 
mitigation would be required. No permanent impacts to wildlife are anticipated.

Fig. 7 Wetlands Impact Areas
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FISHERIESFISHERIES
IMPACTS AND MITIGATION

Existing data for resident and anadromous fi sh 
were collected and reviewed. Reconnaissance-
level fi sheries habitat surveys were conducted in 
the Hagg Lake area, upstream and downstream of 
the existing dam. Subjective habitat ratings were 
applied to affected streams to assess the impact of 
the dam raise alternatives. Potential impacts to fi sh 
species for the Irrigation Exchange Pipeline were 
also assessed.

Scoggins Dam Raise – 20 and 40-feet. The 
present-day diversity and population of salmonid 
species in the Tualatin Basin are limited compared 
to historic estimates, due to habitat degradation, 
poor water quality and predation by warm-water 
species. Multiple non-game and warm water fi sh 
inhabit the Basin and the project area. One species 
that is known to occur in the project area – winter 
steelhead trout, has been listed as a threatened 
species under the Endangered Species Act. 

Temporary and permanent impacts would be 
associated with the dam raise. Best management 
practices during construction would control 
movement of sediment into the reservoir and 
streams. 

A dam raise of 40-feet would increase the open 
water surface area of the reservoir by about 400 
acres, increasing the available habitat for cutthroat 
trout and other resident fi sh upstream of the dam. 
The dam raise would be benefi cial to this species, 
and potentially for other warm-water fi sh that 
currently thrive in the reservoir (Hagg Lake holds 
the state record for small-mouth bass).

Raising the dam would decrease the amount of 
stream habitat available for fi sh above the dam. 
However, more than 95 percent of the total stream 
area is above the inundation zone. Stream habitat 
losses should not signifi cantly affect production of 
resident cutthroat trout.

Scoggins Creek below the dam would continue to 
meet the minimum fl ow releases that are currently 
required during the summer months to protect fi sh 
habitat and movement in the Creek. Natural runoff 
below the dam and project water releases would 
continue to support fi sh populations. 

The existing dam has blocked passage for 
migrating fi sh species since its construction in 
1975. Reclamation conducts mitigation for the 
loss of passage under agreement with the Oregon 
Department of Fish and Wildlife (ODFW). Any 
change to the height of the dam would trigger a 
review of passage by ODFW. This issue must be 
considered if a dam raise option is carried forward.

Reclamation is currently conducting a Biological 
Assessment (BA) of the existing Scoggins Dam. The 
purpose of the BA is to collect information on the 
effects of the facility on all species that are either 
listed or proposed for protection under the ESA 
that could be affected by operation of the reservoir. 
Operational changes that may result from the BA 
must be considered in the next phase of work. 

Irrigation Exchange Pipeline. Potential impacts 
to fi sh species include those related to project 
construction, intake/pump station operation and 
permanent habitat modifi cations from the intake. 
Most if not all of the impacts of the project can be 
avoided or mitigated.

Best management practices will control erosion 
and sedimentation during construction. In-river 
construction should take place within established 
timeframes, to avoid impacts to migrating fi sh 
species. The intake structure would be equipped 
with screens in accordance with federal and state 
criteria for the protection of salmonids. To the 
extent feasible, permanent structures should be 
placed upland of the riparian area. The intake 
location should be surveyed for spawning gravels, 
in order to avoid permanent impacts. Proper 
placement and design of the intake will avoid 
permanent habitat modifi cations.
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Designated land uses and zoning were identifi ed for 
areas that could be impacted by the source options. 
Existing state and local planning goals were 
reviewed for consistency with anticipated project 
impacts.

Scoggins Dam Raise – 20 and 40-feet. Land 
in the impact area for the dam raise options is 
predominantly federally-owned undeveloped 
and rural land, and is managed for recreation and 
water supply. The project area is zoned Exclusive 
Forest and Conservation (EFC). Hagg Lake is also 
designated by Washington County as a “Signifi cant 
Natural Resource Area” due to its water areas, 
wetlands, fi sh and wildlife habitat.

Water reservoirs and impoundments are a 
conditionally approved use in the EFC zone, 
therefore a dam raise option would be consistent 
with the current land use designation. This use is 
also consistent with the existing statewide and local 
planning goals. Land use approval of the dam raise 
option would be subject to County review.

Irrigation Exchange Pipeline. The pipeline would 
be fully buried, therefore land uses would be 
restored to their pre-existing condition following 
construction. The conceptual intake location is 
located in an area with some existing river access 
and agricultural activity. Therefore, impacts 
to riparian and upland vegetation are reduced 
compared to a pristine location. The pipeline is 
assumed to be buried in right-of-ways owned by 
the Oregon Department of Transportation (ODOT), 
Washington County, Yamhill County and the cities 
of Newberg and Gaston.

Public utilities are a conditionally approved use 
in the impacted areas for both Washington and 
Yamhill County. Mitigation would be required 
to ensure that existing land uses are restored. 
Mitigation would ensure compatibility of the 
project with applicable zoning and county land 
use plans. The City of Newberg’s Stream Corridor 
Overlay would need to be addressed in response 
to impacts caused by the intake and bank-mounted 
pump station.

LAND USELAND USE
IMPACTS AND MITIGATION
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The effect of a raise of Scoggins Dam on recreation 
at Hagg Lake was evaluated. The 40-foot dam raise 
scenario was examined in detail; the effects of 
the 20-foot raise were approximated based on the 
detailed study. 

Scoggins Dam Raise – 20 and 40-feet. 
Scoggins Valley Park offers a variety of recreational 
opportunities. Washington County operates the 
Park and collects user entry fees and oversees 
concessionaires. Visitors primarily use the Park for 
water-based activities such as fi shing and boating. 
Land-based recreational uses include picnicking, 
mountain biking, hiking, bird watching, and disc 
golf. Individual and group picnic facilities are 
available.

Area A is on the east side of Hagg Lake, and 
provides group picnicking facilities, a boat ramp, 
parking and other facilities for powerboaters at the 
south end of the Lake. Area C is on the west side of 
the Lake and includes a boat ramp, fi shing pier and 
other facilities.

Projected park attendance for the 2002 season 
was estimated at approximately 650,000 visitors. 
Because the majority of park visitors partake in 
water-based activities, park attendance is closely 
related to weather and water level. A recent survey 
by park staff indicates that Washington County 
residents account for approximately half of the park 
visitors, with the remainder travelling from areas 
outside of the county.

All recreation areas except Area A West would be 
completely or almost completely inundated by a 40-
foot dam raise. Facilities affected at each recreation 
area are shown in Figure 9. The 40-foot dam raise 
would inundate nine miles of the 11-mile master 
shoreline pedestrian and bike trail. 

In a typical year, the water level in Hagg Lake is 
at its maximum in the early summer. As water is 
released for use during the summer and fall, the 
water level in the lake drops by up to 47 feet. The 
unvegetated lake bottom becomes exposed around 
the perimeter of the lake during drawdown. A 40-
foot raise would increase the amount of exposed 
bank.

A conceptual plan for relocation of recreational 
facilities was developed, in coordination with 
Washington County. This plan is shown in Figure 
9. It was assumed that the replacement facilities 
would provide the same level of amenities as the 
existing facilities.

The estimated replacement costs for the 
recreational facilities for a 40-foot raise is $9 
million. The estimates are concept-level cost 
estimates and do not include the costs of 
replacement of the administrative and maintenance 
facilities or the costs of relocating the perimeter 
road and associated power lines. 

A reasonable estimate for the replacement cost of 
recreational facilities in a 20-foot raise would be 
about 80% of the estimated cost of replacement 
with a 40-foot raise, or about $7,000,000. 
No additional cost would be associated with 
replacement of administration and maintenance 
facilities, since the 20-foot raise would not inundate 
these facilities. 

Irrigation Exchange Pipeline. The recreational 
effects of the Pipeline are expected to be negligible 
and were not evaluated.

RECREATIONRECREATION
IMPACTS AND MITIGATION
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Fig. 9 Recreation Impacts of 40-foot dam raise
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Preliminary cost estimates were developed for 
the three source options evaluated in the WSFS. 
MWH prepared  planning-level cost estimates for 
the Scoggins Dam raise options and the Irrigation 
Exchange Pipeline. 

Scoggins Dam Raise – 20 and 40-feet. Cost 
estimates were prepared based on MWH’s 
experience with similar construction projects. 
These estimates were originally prepared in 1999, 
do not include fi eld surveys or other site specifi c 
information, and have not been refi ned based 
on the fi ndings of the WSFS.  The accuracy of 
planning-level cost estimates is +30 to –50 percent. 

A rough capital cost estimate for the 20-foot raise is 
$70 million.  A comparable capital cost estimate for 
the 40-foot raise is $130 million. Annual operations 
and maintenance costs have not been estimated.

Reclamation has completed more detailed estimates 
for fi eld costs of the dam raise options.  Reclamation 
will continue to develop estimates for other major 
aspects of the dam raise projects, including costs 
for surveying and other design data gathering, 
design, construction management, fl ood protection 
during construction, utilities, land acquisition, 
recreational facility replacement, permitting and 
mitigation.  Until a more detailed cost estimate is 
completed, the total estimated capital costs of a 
dam raise should be regarded as very preliminary.

Irrigation Exchange Pipeline. The conceptual 
cost estimate developed for the WSFS is very 
preliminary. Total project cost was estimated to be 
$91 million, including mobilization, engineering 
support and a 20 percent contingency. Construction 
management and environmental permits are not 
included in the cost estimate.

Estimated annual operating and maintenance 
for the pipeline system are about $960,000. This 
estimate includes the cost of water, facilities 
maintenance and energy costs for pumping.

COSTCOST
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Conclusions
A raise of Scoggins Dam appears to be technically 
and environmentally feasible. A diversion tunnel 
may be required as part of this source option in 
order to provide acceptable reliability, particularly 
for municipal and agricultural users. Even with low 
reliability, however, improvements to water quality 
could be anticipated from a dam raise. A complete 
project cost estimate is needed in order for the 
Partners to assess this option against alternative 
sources.

The Irrigation Exchange Pipeline appears to be 
technically and environmentally feasible. However, 
the most signifi cant potential obstacles to this 
source option were not evaluated in depth in the 
WSFS. These obstacles have to do with water rights 
and the willingness of the TVID to make the major 
source change that would be required under 
this scenario.

Ample stored water is available in the Upper 
Willamette system to meet TVID’s annual needs. 
However, considerable uncertainty exists about 
the time required to obtain a new water service 
contract from Reclamation. New contracts have 
been on hold since 1999, awaiting the biological 
opinion on of the Willamette storage projects 
as required under the ESA. This effort could 
be signifi cantly delayed due to the need for 
consultation with the natural resource agencies.

More discussion would also be required with TVID, 
to understand their willingness to participate in the 
pipeline project. 

The cost and feasibility of the Stimson Dam 
option must be further evaluated. The near-term 
availability, quantity and cost of additional supply 
from Portland must also be confi rmed. This work 
is planned for the next phase of the water supply 
effort.
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Chapter 1 – Introduction

1.1 PURPOSE OF THE WATER SUPPLY 
FEASIBILITY STUDY
The purpose of the Tualatin Basin Water Supply 
Feasibility Study (WSFS) is to identify and evaluate 
safe, reliable and cost-effective water supply options 
to meet the long-term water needs of the Tualatin 
Basin. These water needs include instream fl ow 
restoration, municipal and industrial uses and 
irrigated agriculture. 

The WSFS has prepared peak season water demand 
forecasts to the year 2050, using the best available 
information, and has compared projected needs to 
available supply. A range of potential structural and 
non-structural water supply options to meet the 
anticipated peak season defi cit of 45,000 AF (af) 
were considered in the WSFS. Several structural 
supply options were evaluated in more detail to 
understand the technical, environmental and 
economic feasibility of these options. 

1.2 STUDY AREA
The planning area for the WSFS is the Tualatin River 
Watershed, located in the northwestern part of the 
Willamette Valley, Oregon. The headwaters of the 
Tualatin River originate in the Coast Range and 
the Tualatin Mountains. The drainage area of the 
Tualatin River upstream of its confl uence with the 
Willamette River is 712 square miles. 

The Watershed is roughly encompassed by 
the Washington County boundary. The WSFS 
considered water demands and land uses within 
Washington County. 

1.3 PREVIOUS STUDIES
In 1997, a group of public and private agencies 
charged with managing water resources in 
the Tualatin Basin began a planning process to 
evaluate water and environmental needs. The 
objective of the project was to develop long-term 
water resource management strategies using a 
collaborative process. The participating agencies 
included Clean Water Services (formerly the Unifi ed 
Sewerage Agency), the Joint Water Commission 
(made up of the cities of Hillsboro, Beaverton, 
and Forest Grove, and the Tualatin Valley Water 
District), the City of Tigard, the Tualatin Valley 

Irrigation District, Washington County, the Oregon 
Water Resources Department and the Lake Oswego 
Corporation. The results of the planning process 
have been described in the Integrated Water 
Resources Management (IWRM) Strategy, Final 
Report (MWH, 2001). 

One of the seven elements of the IWRM Strategy is 
a recommendation to pursue all viable alternatives 
in order to ensure a safe, reliable and cost-effective 
water supply to meet future needs. Components 
of water need and potential supply options are the 
subjects of this report.

1.4 PROJECT PARTICIPANTS

Partners
The WSFS was funded and directed by a 
partnership of local water service providers, 
including:

WSFS Partners

Clean Water Services City of Sherwood

City of Tigard City of Tualatin

Tualatin Valley Water District City of Forest Grove

City of Hillsboro City of Cornelius

City of Beaverton City of North Plains

US Bureau of Reclamation City of Banks

The WSFS project was administered and managed 
by Clean Water Services. Technical representatives 
from the Partners regularly reviewed and 
discussed project fi ndings and made decision 
recommendations to their respective agencies. 
The US Bureau of Reclamation (Reclamation) and 
the Oregon Department of Water Resources were 
also partners in the study. Reclamation conducted 
engineering feasibility work related to federally-
owned facilities, reviewed WSFS work products 
for consistency with NEPA and other Reclamation 
requirements, and participated in project meetings.

Advisory Groups

Tualatin River Watershed Council (TRWC)

The TRWC was used to provide stakeholder 
feedback throughout the WSFS. The Watershed 
Council is an advisory group formed in 1993 that 
provides recommendations to decision-makers on 
issues that affect the protection, restoration, and 
enhancement of the quality of the Tualatin River 

Final Report
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Watershed. The group provided feedback to the 
project from a variety of perspectives. Membership 
on the Watershed Council includes representatives 
from:

TRWC Member Representation

Soil and Water Conservation 
District Tualatin Valley Irrigation District

Farm Bureau Nursery Industry

Business/Industries Home Builders/Development

Chambers of Commerce Educational Systems

Environmental Groups Forest and Wood Products Industry

Forest Landowners Citizen Participation Organizations

Citizens at Large Cities and Counties

Water Districts Sewer Districts

Park and Recreation Districts State Government

Federal Government Research and Technical Organizations 

Specifi cally, the TRWC was asked to comment 
on the source options, criteria, evaluation and 
recommendations of the WSFS.

Clean Water Advisory Committee (CWAC)

The purpose of the 15-member CWAC is to review 
and discuss major policy issues related to the 
management of wastewater and surface water, to 
provide ongoing review of public process, and to 
make recommendations to the Board of Directors. 
Clean Water Services’ Board of Directors also serves 
as the Washington County Commission. The CWAC 
was regularly briefed on the Project and was asked 
to provide input into the source evaluation process 
and results.

Policy Steering Committee (PSC)

The PSC is charged with making policy 
recommendations to the Partners in the WSFS. This 
group is composed of elected offi cials, and held its 
fi rst orientation session in June 2003. In addition to 
making policy recommendations, the purpose of 
this group is to provide a forum for public comment 
and dialogue with policymakers, and to create 
an information resource for the local boards and 
councils as they move forward with making water 
supply decisions. The PSC will be asked to consider 
study fi ndings and public input approximately 
quarterly and to guide the overall progress of the 
water supply effort.

Regulatory Agencies

The natural resources agencies that will have 
regulatory authority for a water supply project 
reviewed WSFS objectives and results during the 
course of the study. The agencies participated in 
a scoping session in January 2002 and provided 
comment on WSFS results at a mid-course project 
briefi ng in February 2003. Participating agencies 
included:

WSFS Participating Agencies

US Army Corps of Engineers NOAA Fisheries

US Environmental Protection 
Agency US Fish and Wildlife Service

Oregon Department of Fish and 
Wildlife

Oregon Department of Environmental 
Quality

Oregon Division of State Lands

Public Involvement

Overview of the Public Involvement Process 

Public and stakeholder involvement for the WSFS 
was accomplished through a variety of methods. 
The advisory groups described above were an 
important aspect of the public involvement 
process. Other major activities were completed 
during the WSFS to ensure ongoing opportunities 
for public input in the study. These included 
individual meetings with key stakeholder groups, 
meetings with potentially affected individuals, 
presentations, distribution of newsletters, billing 
inserts, attendance at community events and public 
displays, internet surveys and media coverage. A 
complete summary of public outreach activities is 
included in the Appendix. The public involvement 
program was administered and directed by Clean 
Water Services, with participation from the Partners 
and consultant team.

National Environmental Policy Act 
(NEPA) Process

The WSFS was conducted consistent with federal 
NEPA requirements. One of the primary source 
options investigated in the WSFS is a raise of 
Scoggins Dam, which is a federally-owned-and-
operated facility. Any action that could be taken in 
the future that would affect the dam or reservoir 
operations would require approval by Reclamation. 
Compliance with NEPA is a federal responsibility 
and requires full disclosure about major actions 
proposed by federal agencies. NEPA requires the 
consideration of environmental factors in federal 
decision-making and the disclosure of potential 
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effects of the proposed action to state and local 
agencies, tribal governments and agencies, and the 
interested public. 

Scoping Summary

A Notice of Intent to fi le an Environmental Impact 
Statement (EIS) and an announcement of public 
scoping meetings were fi led in the Federal Register 
on December 13, 2001. The need to prepare an 
EIS is anticipated because of the federal action 
that would be required as part of a potential dam 
raise project. At scoping meetings, the public was 
invited to comment on a broad range of alternative 
water supply options. A meeting notice and fact 
sheet describing the project, requesting comment 
and announcing the date, time and location of 
four public meetings, was mailed to approximately 
1,700 potentially interested individuals, groups and 
governmental agencies. A press release announcing 
the public meetings was sent to local and regional 
newspapers on January 2, 2002.

Reclamation and the sponsoring agencies, including 
Clean Water Services, held a series of four scoping 
meetings on January 8 and 9, 2002. Reclamation 
and Clean Water Services provided background 
information on the project, including projected 
water demand and potential supply options, and 
provided opportunities to ask questions and 
receive input on issues and concerns. In addition 
to the public scoping meetings, presentations 
concerning the project were made by Clean Water 
Services at an Open House the City of Tigard held 
on February 6, 2002, and to the CWAC on January 
30, 2002. Comments were received at these two 
presentations. Finally, meetings were held with 
relevant state and federal regulatory agencies in 
February to obtain input on the project.

A summary of the comments received during the 
scoping process is included in the Appendix.
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Chapter 2 – The Need for 
Additional Water Supply in the 
Tualatin Basin

2.1 PROJECT PURPOSE
The purpose of the Tualatin Basin water supply 
project is to provide water to meet existing peak 
season municipal and industrial (M&I), agricultural 
and environmental needs within the Basin, and 
to ensure reliable water supplies to the year 
2050. Water demands in the Tualatin Basin are 
projected to increase over the next 50 years as a 
result of population growth and more stringent 
environmental regulation.

The project purpose with respect to the major 
components of benefi cial water use in the Basin is 
described in more detail below.

River Flow Restoration 
A major component of existing and future unmet 
need in the Basin is water for fl ow augmentation 
in the Tualatin River and its tributaries. The 
Tualatin River historically experiences low fl ows 
in the summer months, and yields less than 2 
percent of its total annual discharge between the 
months of June and September. Low water fl ows 
coupled with high ambient phosphorous levels 
and high temperatures have created chronic 
water quality problems, particularly in the lower 
reaches of the River’s mainstem. Impacts from 
urban development, farming and increased water 
withdrawals have contributed to the degradation 
of water quality in the Tualatin River and its 
tributaries. 

Clean Water Services is the agency responsible for 
meeting federal and state water quality standards 
established for the river and its major tributaries. 
Numerical standards have been established by 
the Oregon Department of Environmental Quality 
(DEQ) for nutrients, bacteria, dissolved oxygen 
and temperature. As one strategy to meet these 
standards, Clean Water Services maintains contracts 
for the release of stored water from Hagg Lake 
and the Barney Reservoir to augment river fl ow. 
However, additional fl ow augmentation is needed 
in some years in order to meet water quality 
standards. Clean Water Services has also 

been charged by the Washington County Board 
of Commissioners to coordinate the Tualatin 
watershed’s Endangered Species Act (ESA) response 
to the listing of upper Willamette spring chinook 
and winter steelhead as “threatened” species. The 
ESA may require changes to fl ow patterns during 
critical seasons. 

Municipal and Industrial Demand 
Twelve cities are located in the Tualatin Basin, with 
a combined population of about 460,000. Current 
M&I demands total about 15 billion gallons over 
the summer months. For the municipalities in the 
Tualatin Basin, summertime demand (defi ned as 
demand between the months of May and October) 
must be met by stored supplies in Hagg Lake, 
the Barney Reservoir (owned by the Joint Water 
Commission and CWS) and by wholesale supply 
from the City of Portland. Currently, approximately 
30 percent of the M&I demand in the Tualatin 
Basin is met by importing water from the Bull Run 
watershed and the Columbia River wellfi eld that 
supply Portland and its wholesale customers. M&I 
demands are projected to approximately double 
due to population growth in Washington County 
over the next 50 years. By 2050, approximately 28 
billion gallons (85,000 AF) of municipal supply will 
be needed. This projected summer demand exceeds 
the capacity of the current supply systems. 

Agricultural Demand 
The Tualatin Valley Irrigation District (TVID) is 
currently authorized by federal contract with 
Reclamation to irrigate up to 17,000 acres in the 
Tualatin Valley. Natural fl ows from the river are 
used to supply irrigation needs at the beginning of 
the season. As river fl ows decrease, the TVID draws 
to stored water from Hagg Lake to meet irrigation 
demand. In addition, an undetermined number of 
agricultural water users are exercising individual 
water rights to natural fl ows on the Tualatin 
River and its tributaries. Trends in agricultural 
water demand in the Tualatin Basin will depend 
on population growth patterns, crop types and 
market value for agricultural products. Future water 
supplies should be planned to provide the fl exibility 
to meet increased 
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need for irrigation. Even if water demands do not 
increase over time in this sector, shifts may occur 
in where and when irrigators withdraw water 
from the River and its tributaries. These changes 
may be required as a response to the ESA or other 
environmental regulations. New water supply 
projects in the Basin may also cause a shift in 
demand patterns. 

2.2 PROJECT NEED

Flow Augmentation 

Existing System

The Tualatin River is 83 miles long and has a nearly 
fl at gradient for most of its length. The slow-moving 
character of the river poses signifi cant water quality 
and quantity challenges, especially during the 
summer months when the fl ow is lowest. These 
challenges have grown in complexity as population 
growth has increased, bringing about the need for a 
holistic management approach that focuses on the 
needs of the entire watershed. 

Prior to European settlement, the river and its 
tributaries may have had higher fl ows during the 
summer months than they do today. Recent changes 
in fl ow patterns are the result of urbanization 
and agricultural and forest practices. Among the 
specifi c causes of fl ow changes are the construction 
of impervious surfaces; removal of beaver dams, 
woody debris and other impediments to river fl ow; 
fi lling of wetlands; removal of trees; and irrigation 
withdrawals. 

Since lost river fl ow causes many environmental 
problems, including higher pollutant concentrations 
and reduced species habitat, the management of the 
Tualatin River has included river fl ow restoration 
since the 1970’s. 

Components of Instream Flow Demand

Phosphorus and Ammonia Nitrogen. Clean Water 
Services, was created in 1970 to consolidate 
wastewater treatment operations in the urban 
portion of the Tualatin River Basin. At that time 
there were 26 poorly functioning wastewater 
treatment plants and the river had high levels of 
pollutants such as ammonia-nitrogen, phosphorus 
and bacteria. During the 1970’s, Clean Water 
Services consolidated sewage treatment operations 
by shutting down many plants and constructing 
two large, state-of-the-art facilities. In addition, 

following the construction of Scoggins Dam in 
1975, Clean Water Services began purchasing Hagg 
Lake water from Reclamation to augment the fl ow 
of the Tualatin River during summer months. Flow 
augmentation helped reduce algal blooms and water 
temperature by increasing the fl ow velocity of the 
river when its fl ow would otherwise be nearly 
stagnant. 

Although water quality in the river improved as 
a result of Clean Water Services’ actions, algal 
blooms, low dissolved oxygen concentrations, and 
toxic levels of ammonia-nitrogen continued to be 
a problem.

Following a lawsuit by the Northwest Environmental 
Defense Center against DEQ, in 1988 the Tualatin 
River became one of the fi rst water bodies in the 
nation for which Total Maximum Daily Loads 
(TMDLs) were established. At that time the TMDLs, 
a Clean Water Act requirement, applied to ammonia 
nitrogen and phosphorus. 

After the TMDLs were created, Clean Water 
Services’ NPDES permits required that the agency 
continue to augment river fl ow with Hagg Lake 
water. Under the permits, the primary purpose of 
fl ow augmentation was to dilute sewage treatment 
plant effl uent, which initially contained higher 
levels of ammonia nitrogen and phosphorus than 
were found in the river. After a series of treatment 
plant upgrades, however, the effl uent contained 
far lower levels of these nutrients. As a result, 
beginning in 1992 Clean Water Services’ permits 
no longer required fl ow augmentation. Clean Water 
Services continued its fl ow augmentation program, 
however, for other water quality benefi ts. 

The numerous treatment plant upgrades that 
occurred during the 1980’s and 1990’s largely 
eliminated the ammonia-nitrogen problem. River 
phosphorus levels continued to exceed target levels 
however. Further improvement depended largely 
on reductions in the phosphorus levels of non-point 
sources. Efforts to control phosphorus levels in non-
point sources have been made in each of the three 
main contributor categories: forestry, agriculture 
and urban development. These include the Oregon 
Forest Practices Act (public and private forest 
lands), Senate Bill 1010 (Agriculture), and the US 
Environmental Protection Agency’s (EPA) Municipal 
Separate Storm Sewer System (MS4) permit (urban), 



WATER SUPPLY FEASIBILITY STUDY - FINAL REPORT 7

which has been held jointly by Clean Water Services 
and Washington County since 1991. In addition, 
Clean Water Services has issued standards for new 
development that require setbacks from streams 
and regulate the design of storm water facilities. 

Despite increased regulation and the continued 
use of fl ow restoration, phosphorus levels within 
the river continued to exceed the target. This 
was due in part to the fact that there was much 
urban development that pre-dated the Clean 
Water Services design and construction standards. 
In addition, and more importantly, during the 
1990’s it was discovered that background levels of 
phosphorus in Tualatin Basin groundwater were 
quite high, making it virtually impossible to meet 
target levels. Nevertheless, phosphorus levels in 
fl ow restoration water are considerably below the 
levels in urban non-point source runoff, making 
fl ow augmentation a signifi cant tool in managing 
river phosphorus levels. 

New Total Maximum Daily Loads. DEQ recently 
developed new TMDLs for the Tualatin River and 
its tributaries. The TMDLs apply to phosphorus, 
temperature, bacteria and dissolved oxygen. They 
have not yet been added to Clean Water Services’ 
EPA wastewater and storm water permits; nor have 
TMDL implementation plans been developed. 

It is anticipated that fl ow augmentation will be a 
signifi cant tool in the TMDL compliance effort. In 
addition to reducing river phosphorus levels, fl ow 
augmentation can be used to lower temperature 
and bacteria levels, and increase dissolved oxygen. 
Oxygen provides an instructive example of how 
fl ow augmentation improves water quality. Low 
river fl ow during the summer months can cause an 
explosive growth in the algae population. When the 
algae dies, oxygen-consuming microbes decompose 
it. Restored river fl ow helps to rid the river of 
algae and prevent water temperature increases 
that encourage algae growth. With less algae to 
consume, the microbes consume less oxygen. 

Endangered Species Act. In 1999, the Upper 
Willamette River spring chinook and Upper 
Willamette River winter steelhead were listed as 
threatened species under the federal ESA. The 
river and its tributaries have been designated 
as critical habitat, which means that the ESA’s 
protections extend to these areas. In response, ten 

local government agencies in the Tualatin River 
Watershed agreed to prepare the Healthy Streams 
Plan (HSP), which is currently under development. 
Clean Water Services is the lead agency in this 
effort. 

The HSP will focus on compliance with the ESA 
under either Section 4(d) or Section 10 of the 
ESA. The HSP will also help address compliance 
with the Clean Water Act. Because of recent 
litigation and possible regulatory changes, the 
future of the chinook and steelhead listings is 
unclear. Nevertheless, it is anticipated that the 
HSP will include fl ow augmentation as a major 
element. Flow augmentation helps fi sh species by 
enhancing fi sh habitat and assisting in fi sh passage. 
When river fl ow is too low, fi sh may become 
trapped in areas that lack suffi cient resources to 
sustain fi sh populations or may be prevented from 
accessing areas that do have such resources. Flow 
augmentation also helps improve water quality, as 
noted above. 

Low-Water Years. In the 1990’s, the U.S. Geological 
Survey (USGS) developed water quality and 
temperature models for the Tualatin River. The 
models have been used in developing fl ow targets 
for the river. The current minimum dry season 
fl ow targets for the Farmington Bridge monitoring 
station are 120 cubic feet per second (cfs) during 
May and June, 150 cfs in July and August, and 180 
cfs in September and October, which results in an 
average minimum dry season fl ow of 150 cfs. There 
is currently adequate water storage in Hagg Lake to 
meet the fl ow targets during a normal year. During 
low-water years, however, there is an inadequate 
supply of stored water to meet the targets. During 
1992, for example, an additional 12,500 AF of stored 
water would have been needed to meet the targets, 
compared to 12,600 AF available. 

Tributary Health. The current fl ow restoration 
regime is limited to the river mainstem. It does 
not include any tributaries other than Scoggins 
Creek, which lies between Hagg Lake and the 
river and functions as a conduit for released water. 
Tributaries can provide valuable fi sh spawning 
and rearing habitat and are subject to TMDLs of 
their own. Withdrawals for agricultural irrigation 
commonly reduce fl ow in some tributaries below 
the minimum set by the State. 
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In addition, impervious surfaces associated 
with urban development alter normal runoff 
and groundwater recharge patterns, resulting 
in less water available to tributaries during the 
dry months. Future management decisions may 
include making fl ow restoration water available to 
tributaries. 

Future Demand Projections

The current minimum fl ow targets are the 
result of a compromise between the amount of 
water desired for water quality improvement 
and the amount available for release. The latter 
is approximately 15,000 AF on an annual basis. 
As noted above, this amount is not suffi cient to 
meet the fl ow targets during low-water years. It 
would also be inadequate to meet the needs of the 
tributaries should a decision be made to restore 
tributary fl ow. 

USGS modeling studies indicate that signifi cant 
increases in fl ow augmentation levels would 
improve water quality (USGS, 2001). Such 
improvements may be needed for compliance 
with the new TMDLs and the ESA. While 
minor increases in fl ow may occur as a result 
of population growth (sewage treatment plant 
effl uent), signifi cant increases would need to come 
from either additional water storage or a new water 
supply source. The USGS modeling efforts indicate 
that a minimum average dry season river fl ow of 
300 cfs would enable the river to meet the DEQ 
dissolved oxygen standard of 6.5 mg/l even if no 
other changes in watershed management occurred. 
An increase in fl ow of this magnitude would 
not be without signifi cant problems however. It 
would require an enormous new water source, on 
the order of 68,000 AF, which is larger than the 
entire current storage capacity of Hagg Lake. It 
would also cause fl ooding in some areas, and may 
fl ush zooplankton and other benefi cial organisms 
from the river, resulting in food scarcity for native 
species.

A more realistic approach could be to obtain an 
additional 15,000 AF of fl ow augmentation water to 
achieve a minimum average dry season fl ow at 163 
cfs. With this approach, a minimum fl ow level that 
would improve water quality and fi sh habitat could 
be maintained during low-water years, and in most 
years a modest water surplus would be available for 
the following year if needed.

Municipal and Industrial Use

Existing System and Sources of Supply

Tualatin Basin Municipal Water Providers. The 
Tualatin Basin and Washington County include 
12 cities and a total population of 460,000. 
Water service is provided by local agencies and 
cities, as well as wholesale supply from the City 
of Portland. The largest water provider, serving 
almost 70 percent of the Basin’s population, is 
the Joint Water Commission (JWC), composed 
of the cities of Hillsboro, Beaverton, and Forest 
Grove and the Tualatin Valley Water District. The 
JWC members jointly own storage, treatment and 
transmission facilities. Individual JWC members 
rely on supplemental water supplies to meet 
demand. Other cities in the Basin include Tigard, 
Tualatin, Sherwood, Wilsonville and the smaller 
communities of North Plains, Banks, Cornelius and 
Gaston. Tigard and Tualatin are primarily wholesale 
customers of the City of Portland, and maintain 
local storage and distribution systems. Wilsonville 
provides treatment, storage and distribution of 
water from the Willamette River. The smaller 
communities are wholesale customers of the JWC 
or rely on local groundwater supplies.

Peak Season Supply. As is typical in the Pacifi c 
Northwest, water providers in the Basin rely on 
rain-fed reservoirs to supply water over the dry 
summer months. The peak season is defi ned as the 
180-day period from May 1 to October 30, when 
water demand is typically highest. The two main 
reservoirs are the Barney Reservoir on the North 
Fork of the Trask River (outside of the Tualatin 
River Watershed), and Scoggins Reservoir which 
impounds a tributary of the Tualatin River. Total 
in-basin stored water rights and contracts for 
peak season supply equal about 27,000 AF. The 
City of Portland provides water from the Bull Run 
watershed and Columbia South Shore Wellfi eld 
for wholesale purchase to several water providers 
in the Basin. Purchase of water from the City of 
Portland in the peak season totals about 30,000 AF. 
Summer supply is also supplemented by limited 
natural fl ow rights on the Tualatin River and its 
tributaries, aquifer storage and recovery, and 
groundwater pumping.
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Conservation. As required by Oregon law, 
municipal water providers conduct a multi-faceted 
program to reduce water loss and encourage 
customer conservation. The documentation of 
conservation activities is required by the Oregon 
Water Resources Department and is a condition for 
approval and maintenance of water rights. All of 
the municipal providers in the Basin conduct the 
following conservation activities:

Programs to reduce water loss:

• Periodic measurement of “unaccounted-for” 
water. Unaccounted-for water is measured as the 
difference between water produced and water 
sold to customers. Unaccounted-for water is 
typically attributed to unmetered water delivery, 
inaccurate metering equipment, system leaks, 
hydrant fl ushing and operational maintenance. 

• Water systems are fully metered to reduce 
unaccounted-for water and encourage wise 
water use.

• Meters are tested for accuracy on a regular 
maintenance cycle. Faulty and old meters are 
replaced.

• The distribution system is surveyed regularly 
for leaks.

• Allocation of funds in the yearly maintenance 
budget for leak repair and replacement of 
aging pipes.

Programs to encourage wise water use:

• Most municipal providers employ an inclining 
block rate structure, which charges more per 
unit as water consumption increases.

• Basin water providers participate in numerous 
public education efforts, through regional 
agencies and individually to encourage and 
promote conservation.  Activities include paid 
advertisements, public outreach at fairs, festivals 
and other events, classroom activities, and direct 
mailings to customers.

• Technical and fi nancial assistance programs 
with landscape businesses and private 
properties with outdoor watering, commercial 
and residential on-site audits to fi nd ways to 
reduce water use, cooperative programs with 
local park districts to reduce outdoor water use, 
distribution of leak reduction kits and water 
use reduction kits, and rebates for low water-use 
fi xtures.

Conservation also occurs through the legally-
required use of low-fl ow toilets and showerheads 
for new construction, and through the general 
trend of smaller, denser urban development that 
reduces outdoor water use.

Demand Projections

Municipal and industrial (M&I) demand is projected 
to increase in the Basin over the next 50 years as 
a function of population growth. Water providers 
are required by state law to prepare master plans 
for the orderly growth of the water system. These 
plans are important because they allow the water 
provider to identify current and future system 
defi ciencies and to adequately plan for necessary 
capital expenditures. Such planning is critical for 
the reliable delivery of high quality water. Planning 
efforts must consider supply, treatment, storage, 
distribution and operation and maintenance 
requirements of the system.

Water demand projections for the WSFS were 
prepared by compiling information from the most 
current master plans of the participating cities 
and water districts. Table 2-1 summarizes demand 
projections to the year 2050. Demand is presented 
in terms of peak season requirements. As shown 
in the Table, current peak season demand for the 
Tualatin Basin is about 16 billion gallons (50,000 
AF). This demand is projected to increase about 88 
percent by the year 2050, reaching a total of about 
30 billion gallons (94,000 AF). 

Water demand projections are based on multiple 
assumptions, including population trends, 
economic conditions, climatic conditions and 
other factors. The methodology for calculating 
demand can also vary widely, ranging from the use 
of complex models to the application of simple 
factors based on historical data. The estimates given 
here are based on data from individual providers. 
They do not refl ect potential long-term effects of 
global climate change, which may include higher 
summer temperatures and therefore increased peak 
season demand. It is important that water demand 
projections be regularly reviewed and updated 
based on available information. It is anticipated that 
these demand numbers will be revised based on the 
results of the Regional Water Supply Plan Update 
project.
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Table 2-1
Project Peak Season Municipal Demand

September 2003 (Billions of Gallons)

Water Provider 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Beaverton 2.4 2.6 2.8 3.0 3.2 3.5 3.5 3.5 3.5 3.5 3.5

Hillsboro 2.8 4.7 6.2 6.5 6.7 6.9 7.1 7.2 7.3 7.3 7.4

Forest Grove 0.9 1.0 1.1 1.3 1.4 1.6 1.8 1.8 1.8 1.8 1.8

Tualatin Valley WD 6.0 6.9 7.8 8.9 9.9 10.0 10.2 10.3 10.4 10.5 10.6

Tigard 1.6 1.7 1.8 1.9 1.9 1.9 2.0 2.0 2.0 2.0 2.1

Tualatin 1.1 1.2 1.3 1.5 1.6 1.7 1.8 2.0 2.1 2.2 2.4

Raleigh WD 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

West Slope WD 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

Sherwood 0.3 0.5 0.7 0.8 1.0 1.0 1.1 1.1 1.1 1.2 1.2

Cornelius  -  -  -  -  -  -  -  -  -  -  -

Banks 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5

Gaston  -  -  -  -  -  -  -  -  -  -  -

North Plains 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.4 0.4 0.4 0.5

TOTAL 16.2 19.8 23.0 24.9 26.9 28.0 28.8 29.3 29.8 30.2 30.5

Note: City of Cornelius and Gaston demands are included with Hillsboro

In order to estimate future supply needs for the 
M&I sector, demand projections must be compared 
to existing supplies. Table 2-2 estimates the peak 
season source capacity for Tualatin Basin water 
providers. Total existing capacity is about 21 
billion gallons (64,000 AF). Existing supplies 
are a combination of stored water in Hagg Lake 
and Barney Reservoir, natural fl ow rights on the 
Tualatin River and its tributaries, groundwater, and 
wholesale purchase from the City of Portland. 

Estimates of peak season stored water supply do not 
account for the long-term effects of climate change 
and the need to increase stored water reserves 
to provide reservoir “carryover” for drought 
protection. Similarly, estimates of supply from 
natural fl ow do not account for the potential of 
reduced availability as a result of long-term climate 
change. These complexities may lower the peak 
season supply estimates presented here.

Considering the water demands of the Basin in 
the aggregate, peak season municipal demand will 
exceed existing supplies before 2010. It should be 
noted that individual providers may experience 
shortfalls much earlier than this. In particular, the 
City of Tigard is already taking measures to cover 
peak season shortages. The City of Hillsboro is also 
projected to need additional summer supply within 
the next few years. The smaller communities 
of Sherwood, Banks and North Plains that have 
traditionally relied on local groundwater are under 
pressure to fi nd alternative water sources quickly as 
the reliability of their supplies drops. The Tualatin 
Valley Water District and the City of Beaverton 
will require additional supply by about 2010, 
while other communities, including the cities of 
Tualatin, Forest Grove and Raleigh, can delay source 
expansion to beyond 2010. Ultimately, about 10 
billion gallons of new municipal supply (30,000 AF) 
are needed to meet M&I demand to the year 2050.
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Table 2-2
Existing M&I Peak Season Supply

September 2003

Water Provider Source Name AF BG

Beaverton Tualatin/Trask 7,258 2.37

ASR 2,485 0.81

subtotal 9,743 3.18

Hillsboro Tualatin/Trask 9,720 3.17

Tualatin/Haines Falls 184 0.06

Tualatin River fl ows 890 0.29

subtotal 10,794 3.52

Forest Grove Tualatin/Trask 3,816 1.24

Clear Creek 552 0.18

subtotal 4,368 1.42

Tualatin Valley WD Portland/WCSL 19,454 6.34

Tualatin/Trask 5,498 1.79

subtotal 24,952 8.13

Tigard Portland 3,682 1.20

subtotal 3,682 1.20

Tualatin Portland/WCSL 4,971 1.62

Raleigh WD Portland/WCSL 3,160 1.03

West Slope WD Portland/WCSL 1,887 0.62

Sherwood Groundwater 890 0.29

Cornelius Hillsboro -  -

Banks Groundwater 374 0.12

Gaston Hillsboro  -  -

North Plains Groundwater 184 0.06

TOTAL 65,006 21.2

Irrigated Agriculture

Existing System

TVID Water Use. The Tualatin River watershed has 
75,000 acres of irrigable agricultural land, of which 
27,500 acres are currently being irrigated. The 
sources of irrigation water are groundwater, natural 
fl ow from the Tualatin River and its tributaries, and 
stored water from Hagg Lake. Major irrigated crop 
varieties include berries, silage corn, vegetables, 
clover and nursery stock. The average farm size 
is 40 acres. The largest farms are approximately 
250 acres. The demand for irrigation water has 
stabilized in recent years. 

TVID was formed on December 18, 1962, so 
that dry land and land with an inadequate water 
supply could be brought into full production. A 
fi ve-member board of directors elected by TVID 
members is responsible for establishing policies and 

procedures and for levying annual assessments. A 
manager hired by the board of directors oversees 
day-to-day operations. 

Irrigation water service is provided through a 
contract between TVID and Reclamation. Of the 
34,000 irrigable acres within the TVID service 
area, 17,000 acres are eligible to receive water in 
any year. Of this amount, approximately 12,000 
acres receive water through the TVID pipeline 
and approximately 5,000 acres are irrigated with 
water pumped directly from the Tualatin River or 
its tributaries. The Spring Hill and Patton Valley 
pumping facilities serve separate TVID pipelines. 
The Patton Valley pumping plant is located on 
Scoggins Creek and transports irrigation water to 
the Tualatin River above the mouth of Scoggins 
Creek. The Springhill Pumping Plant is located on 
the Tualatin River below Scoggins Creek. Scoggins 
Creek receives the outlet water from 
Hagg Lake. 

TVID’s annual water allotment is 37,000 AF, of 
which 27,000 AF is stored in Hagg Lake. The rest 
comes from river and tributary fl ow, as well as 
return fl ow from irrigation. The typical irrigation 
season is 150 days, from May 1 to September 30.

TVID levies assessments on its members each 
year. Members are required to advise TVID of the 
location and amount of acreage they will irrigate 
and their anticipated water needs. Because of 
market fl uctuations and the need to rotate crops 
and idle lands for soil building, not all of the 
assessed lands are irrigated each year. Usually, 
14,000-15,000 acres of assessed lands are irrigated, 
leaving a residual of 2,000-3,000 acres that can be 
provided water under interruptible contracts. Land 
must be within the TVID service area to be eligible 
for an interruptible contract. Not all contract usage 
is agricultural. M&I contract users include the 
Pumpkin Ridge Golf Course, which can use up to 
363 AF on 145 acres, and the Reserve Vineyards 
and Golf Course, which can use up to 553 AF on 
221 acres. Golf course usage is subordinate to 
agricultural usage.
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Table 2-3 shows TVID member acreage by service 
area. While the table shows a total of 19,235 acres, 
only 17,000 acres can be irrigated each year with 
Tualatin project water. Also shown is the assessed 
acreage that uses recycled wastewater from 
the Clean Water Services wastewater treatment 
facilities. 

The rate structure for TVID water is designed to 
encourage water conservation. The minimum 
charge, which pays TVID’s operations and 
maintenance costs, entitles the water user to one 

AF per acre. Charges for additional amounts are as 
follows: 

-  fi rst 1/2 AF: 100 percent of the minimum 
AF rate.

-  second 1/2 AF: 120 percent of the minimum 
AF rate.

- third 1/2 AF: 200 percent of the minimum 
AF rate.

The maximum quantity of water a user can 
purchase is 2.5 AF per acre. Water is metered at 
each farm turnout and river pumping station.

Table 2-3 Tualatin Valley Irrigation District Total Assessed Acres

Water Service Area Assessed Acres

1. Patton Valley Pumping Plant

    a.  From Pipeline 355.6

    b.  Within Wapato Improvement District 1,497.7

          Total 1,853.3

2.  Spring Hill Pumping Plant

    a.  From Pipeline 10,021.7

    b.  From Booster Pump off West 1B Line 101.5

          Total 10,123.2

3.   River/Tributary Withdrawal    

    a. Scoggins Creek and Tualatin River upstream of RM 60.0 832.4

    b.  Tualatin River, RM 60.0 to 58.8 (Dilley gauging station) 379.3

    c.  Tualatin River, RM 58.8 to 36.3 (Farmington gauging station) 2,390.5

    d.  Tualatin River, RM 36.3 to mouth 1,378.5

    e.  Gales Creek 277.4

          Total 5,258.1

              Subtotal 17,234.6

4.  Wastewater Effl uent 2,001.8

Total Tualatin Valley Irrigation District 19,236.4
Source: Tualatin Project, Oregon, Facilities Operation and Maintenance. 
US Bureau of Reclamation, August 2002

Assessments vary by service area, refl ecting 
whether the user is receiving water under pressure, 
such as that provided through the Spring Hill 
Pumping Plant, or gravity, where the user provides 
the pressure. Charges to agricultural users under 
interruptible contracts are generally twice those 
charged to member users. Charges to golf courses 
are the highest of all and are the same as the M&I 
rate. 

Non-TVID Agricultural Use. Approximately 10,500 
acres of irrigated agricultural land in the Tualatin 
Valley are not served by TVID. This land is located 
both inside and outside of the TVID service 

boundaries, and is irrigated with water from the 
Tualatin River and its tributaries through the 
exercise of water rights. In the Integrated Water 
Resources Management Strategy (Water Managers 
Group, 1998), it was estimated that non-TVID land 
receives approximately 10,500 AF of water during a 
normal year.

Oregon, like most western states, is a “prior 
appropriation” state with respect to its water 
rights laws. Under this approach, each water rights 
holder is given a priority date that corresponds 
with the date of application for the water rights. 
In years when there is a water shortage, the right 
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to use water is determined according to priority 
date; earlier priority dates take precedence over 
subsequent priority dates.

The Oregon Water Resources Department (OWRD) 
regulates the use of water rights. Within each river 
basin, the watermaster, a WRD employee, monitors 
water supplies and, when a shortage occurs, has the 
authority to order water rights holders with junior 
priority dates to stop using water. For example, 
during the summer of 1992, non-TVID irrigators 
who were ordered to stop withdrawing water from 
streams had priority dates that ranged from 1945 
to 1976, depending on the stream and the date the 
order was issued. Irrigators with older priority dates 
were free to continue to withdraw water. Although 
1992 was a low-water year, even during normal 
years stop orders are common. During 1999, the 
priority dates for users who were told to stop using 
water ranged from 1912 to 1976. 

The smaller tributaries experience chronic water 
shortages due to irrigation withdrawals and other 
causes. On these streams there are numerous in-
stream ponds that complicate water management. 
While these ponds contribute to the amount of 
water available to adjacent property owners, they 
can also cause water shortages for downstream 
users.

Conservation. There does not appear to be a 
signifi cant opportunity to meet future irrigation 
water needs through conservation. Virtually all 
irrigation water is conveyed by closed pipeline from 
the point of diversion to the point of use, so system 
losses due to evaporation or leakage are minimal. 
Approximately 99 percent of users have sprinkler 
irrigation systems. The remainder use drip systems, 
which are more effi cient. Drip systems are much 
more costly to install and operate. They are used 
for high-value crops, not for traditional row crops. 
Many users employ computerization to optimize 
watering frequency and volume. In addition, all 
container nursery growers recycle water. All TVID 
irrigation use is metered and, as noted above, the 
water rate structure provides users with a strong 
incentive to conserve water. 

Future Demand Projections

There is currently an adequate water supply for 
agricultural irrigation within the TVID service area. 
However, the production of containerized and fi eld 
nursery stock, which uses more water than other 
crops, has been increasing. If this trend continues, 
the current supply may be inadequate.

Climate change may also infl uence future demand 
and supply. In “The Impacts of Climate Change 
on Portland’s Water Supply” (Palmer and Hahn, 
2002), the authors predicted that there will be a 
general warming trend through the year 2040. The 
authors also predicted that there will be an increase 
in precipitation during the winter and a decrease 
during the summer. Warmer, drier summers would 
increase the demand for agricultural irrigation. 

As noted above, approximately 10,500 acres both 
inside and outside the TVID service area are 
currently irrigated with water drawn directly from 
the Tualatin River and its tributaries. During dry 
years there are water shortages. In the future, the 
shortages could worsen if compliance with the ESA 
and the Clean Water Act requires that additional 
water be left in streams during the dry months. 
To prevent such shortages from occurring, TVID’s 
pipeline would need to be extended to land that 
is currently not served by TVID. Based on current 
usage, an additional 2,000 AF of water supply 
would be needed for almost every 1,000 acres 
converted from direct stream withdrawal to TVID’s 
pipeline.1 As much as 21,000 AF would be needed if 
all the acreage were converted.
 

1 The usage ratio of one AF per acre does not include any delivery factor that might be applicable to account for system losses. The use and size of a delivery factor 
depends on the means of water conveyance. The current TVID pipeline delivery factor is 1.88, which means that for every AF of water applied to land, 1.88 AF 
must be released from Hagg Lake. This refl ects the fact that some of the water released from the lake for irrigation purposes bypasses the intake at the water 
pumping facility.
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Chapter 3 – Water Source Options 
Identification and Screening
This section identifi es potential water source 
options that were considered in the WSFS, and 
discusses the screening and evaluation process. 
The identifi cation of source options relied heavily 
on past evaluations conducted by water providers 
in the Portland metropolitan region. The regional 
water providers have been nationally recognized for 
the quality of their water supply planning efforts. 
Their previous studies include technical depth as 
well as a strong public process and stakeholder 
involvement. For these reasons, previous study 
results were used as the starting point for the 
source options evaluation.

3.1 PREVIOUS REGIONAL SOURCE 
OPTIONS ANALYSIS 
Water providers in the Portland region began 
conducting comprehensive and integrated water 
supply planning in 1989. These regional planning 
efforts have evaluated many of the same source 
options, needs and criteria that the WSFS is now 
considering. 

Regional Water Supply Plan – Phase I
The Regional Providers Advisory Group (RPAG) 
was formed in 1989 to discuss future water supply 
issues in the Portland region. It was recognized 
at that time that the region would face supply 
shortfalls. Several regional water supply studies 
were begun in 1991 by a consortium of water 
providers to address future water supply needs. 
Three studies were commissioned by the City of 
Portland and the regional providers. These “Phase 
I” studies estimated future regional water demand 
to the year 2050, evaluated potential regional 
source options and identifi ed opportunities for 
water conservation. These studies were completed 
in 1992.

Several of the participants in the current WSFS 
also participated in the fi nancing and management 
of the Phase I studies. These include the cities of 
Beaverton, Hillsboro, Forest Grove and Tigard and 
the Tualatin Valley Water District.

The Phase I Source Options Study evaluated 
29 different water source options and made 
recommendations as to which options should be 
further investigated. The study ranked sources 
against a set of evaluation criteria. The report 
(CH2M Hill, 1992) concluded that 6 of the 29 
identifi ed options were worthy of additional 
analysis and should be carried forward into a 
second phase.

Figure 3-1 is a reprint of a fi gure from the Phase 
I Source Options Study which identifi es the 29 
new source options considered. New sources 
were identifi ed based on their ability to provide 
signifi cant quantities of water and acceptable water 
quality at a reasonable distance from demand 
centers. The study area included the Tualatin Basin. 
Dam raises were considered viable supply options 
for both the Portland Bull Run system (source 
option number 2) and for the Barney Reservoir 
(source option number 17). New dams were also 
considered in the Tualatin, Bull Run and Clackamas 
watersheds. The Study evaluated four reservoir 
site options for the Tualatin Basin. All of the sites 
evaluated were rejected on the basis of cost, 
environmental impact or limited water availability. 
A raise of the existing Scoggins Dam on Hagg Lake 
was not considered as a potential source option in 
the Study.
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Figure 3-1



WATER SUPPLY FEASIBILITY STUDY - FINAL REPORT 16

The Phase I Study evaluated and ranked new source 
options to determine the most promising for further 
investigation. Three advisory groups representing 
a wide range of stakeholder interests participated 
in the development of criteria and ranking of 
source options. Participating stakeholders included 
representatives of environmental organizations 
and natural resource agencies, water providers and 
business leaders. 

Based on the analysis conducted in the Phase I 
study, only 6 source options were recommended for 
further evaluation. These were:

• Clackamas River development to the full extent 
of existing water rights;

• Expansion of the Barney Reservoir;

• Bull Run Dam Number 3;

• Columbia River diversion;

• Willamette River diversion; and 

• Aquifer Storage and Recovery (ASR)

Regional Water Supply Plan – Phase II 
Twenty-seven regional water providers signed an 
intergovernmental agreement in 1993 to fund Phase 
II of the Regional Water Supply Plan. The primary 
purpose of this effort was to develop an integrated 
water supply plan for the region that provided 
clear guidance on how to meet regional water 
demands to the year 2050. The RWSP was adopted 
in 1996 and included an updated demand forecast 
and a detailed evaluation of potential regional 
supply sources, transmission requirements and 
conservation programs. An update to the RSWP is 
currently underway.

The key source options that were evaluated 
included: conservation, construction of Bull Run 
Dam Number 3, expansion of the Clackamas 
and Columbia River supplies, development of 
a Willamette River supply and development of 
Aquifer Storage and Recovery (ASR). Construction 
of the Barney Reservoir expansion project, which 
was a recommended source option in Phase I, was 
begun in 1995. For this reason, the Barney project 
was not included in the Phase II work.

Bureau of Reclamation Storage 
Investigations
During the 1970’s, a new reservoir project was 
conceived by Reclaimation as the Second Phase 

of the Tualatin Project, the fi rst phase being the 
construction of Scoggins Dam in 1974. The project 
began as an investigation of reservoir sites at Gaston 
and Mount Richmond. Reclaimation went on to 
recommend construction of a new reservoir at the 
Mount Richmond site, but the project was never 
constructed. In 1991, the Phase I Source Options 
Study concluded that the Mount Richmond and 
Gaston sites should be rejected based on high costs 
and signifi cant confl icts with existing land use and 
environmental values. 

Integrated Water Resources 
Management Strategy
The Integrated Water Resources Management 
(IWRM) Strategy (2001) is the precursor to the 
current WSFS. The IWRM Strategy is a framework 
of agreement on the major water resources issues 
facing the Tualatin River watershed. The Strategy 
was developed by water management agencies 
and other stakeholders in the Tualatin watershed, 
including wastewater and stormwater management 
agencies, municipal water providers, irrigators and 
county facilities managers. The effort was initiated 
in 1998 and emphasized a cooperative vision for 
water resources management. The Strategy set 
forth major elements for the long-term protection 
of water quality and quantity in the Basin. Major 
action elements of the Strategy include:

• Use water effi ciently through better municipal 
and agricultural conservation;

• Support ongoing and improved stormwater 
management efforts;

• Increase the natural fl ood storage capacity 
of the River, through land use practices and 
engineered facilities;

• Assure reliable, safe and cost effective water 
supplies to meet future needs;

• Pursue the application of recycled wastewater 
where this use has clear environmental benefi ts, 
is publicly acceptable and is reasonably cost-
effective; and 

• Make water resource choices that improve the 
overall health of the Tualatin Basin.

• Protect the Tualatin River tributaries by 
establishing minimum fl ow targets, managing 
withdrawals and enhancing fl ows;
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Priority actions were identifi ed to achieve the 
objectives listed above. One was to evaluate new 
sources of supply that would meet future water 
needs. Sources that were recommended for further 
evaluation included new in-Basin storage, transfer 
of Willamette River water for irrigation, and 
expanded purchase from the City of Portland.

3.2 REGIONAL SOURCE OPTIONS NOT 
CARRIED FORWARD IN THE WSFS

Clackamas River 
The Clackamas River has four existing intake 
and treatment facilities. The RWSP conducted 
an analysis of potential new treatment sites and 
concluded that no new site merited further 
exploration (Water Providers of the Portland 
Metropolitan Area, 1996). Therefore, additional 
supply from the Clackamas would be developed by 
expansion of existing facilities. Municipalities hold 
a total of 171 mgd of water rights on the River. Of 
this number, a total of 116 mgd has been developed 
and/or has a higher priority than the instream 
water rights on the River. The remaining 56 mgd 
of water rights have a lower priority date than the 
1968 instream fl ow right, which may limit summer-
time diversions from the River.

Projected municipal peak day demand in 
2050 totals 168 mgd for the Clackamas Basin 
(Montgomery Watson, 2000). Peak day demand 
will be exerted by the cities of Lake Oswego, West 
Linn, Oregon City, Milwaukie and Gladstone, and 
by the Oak Lodge Water District, the Sunrise Water 
District (formerly Mt. Scott and Damascus Water 
Districts) and Clackamas River Water District. This 
peak day demand signifi cantly exceeds the readily 
available water rights on the Clackamas River, 
indicating that long-term summertime supply would 
be diffi cult to develop for Tualatin Basin users.

For the purposes of this analysis, it is assumed 
that any remaining developable water in the 
Clackamas River would be used to meet Clackamas 
and Multnomah County demands. A more detailed 
assessment of available Clackamas River supply is 
being prepared as part of the update to the RWSP, 
currently underway. The potential for supply 
from this source should be re-evaluated as new 
information is made available.

Columbia River 
The Columbia River has not been developed as 
a municipal water supply in the Portland region, 
although upstream communities in the state of 
Washington, including Kennewick, Pasco and 
Richland, tap into this source. Development 
of the Columbia River was considered in the 
RWSP, with potential intake locations between 
the Portland Airport and the mouth of the Sandy 
River. An intake in this reach of river would be 
impractical for service to Washington County due 
to the distance and expense of crossing the entire 
Portland metro area and the Willamette River 
with a major transmission pipeline. There are no 
obvious alternative intake locations that make 
sense for Washington County, as the River turns 
sharply to the north and away from the Tualatin 
Basin at its confl uence with the Willamette River. 
Other diffi culties posed by the development of 
this source include possible institutional, legal and 
public perception challenges. The controversy 
surrounding the development of the Willamette 
River as a new source of supply for the City of 
Wilsonville may be an indication of the public 
perception challenges that would accompany 
efforts to develop the Columbia River as a supply. 
For these reasons, development of the Columbia 
River was not considered as a source option for the 
Tualatin Basin. This source is included in the RWSP 
update, currently underway. These fi ndings should 
be reviewed as they become available.

3.3 POTENTIAL WATER SOURCE 
OPTIONS FOR THE WSFS
Based on the results of previous evaluations, and 
preliminary evaluations conducted during the 
Integrated Water Resources Management Plan 
Strategy, the following potential source options 
were considered in the WSFS:

Water conservation 
This includes programs and policies that reduce the 
demand for M&I and agricultural water supplies.

Wastewater reuse 
This includes the infrastructure to distribute treated 
wastewater for irrigation. It is assumed that reuse 
water would primarily be an agricultural supply, 
but would not be applied to food crops due to 
negative public perception. Reuse would result in 
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a reduction in demand in the M&I and agricultural 
sectors. Wastewater reuse has not been considered 
in previous regional water supply planning 
efforts because these have focused exclusively on 
municipal needs. Since the WSFS considers total 
water resources needs for the Basin, wastewater 
reuse is an appropriate source option.

New Tualatin Basin storage 
This supply category includes several specifi c 
options:

Scoggins Dam raise. A constructed raise of the 
existing dam. The dam raise would result in a 
larger pool behind the dam and increased storage.

New in-line storage on a Tualatin River tributary. 
A new dam on a tributary, similar to the existing 
Scoggins Dam.

Off-line storage on a Tualatin River tributary. 

Water would be impounded away from tributaries 
in the high fl ow season and pumped back to 
the tributary during low fl ows to improve water 
quality. This source option would satisfy instream 
water needs only.

New dam downstream from the current Scoggins 

Dam, and upstream from Stimson Lumber. This 
facility would provide storage to supplement the 
existing Hagg Lake supply. 

Aquifer storage and recovery (ASR)
A method which is already in use for municipal 
supply, ASR injects treated drinking water into 
underground aquifers during low demand periods 
of the year. The stored groundwater is then 
withdrawn through wells to provide peak season 
and peak day supply. It is assumed that this supply 
option would satisfy municipal needs only.

Purchase from the City of Portland 
Major areas of Washington County are currently 
supplied through the Portland Bull Run/
groundwater system. This supply option is assumed 
to satisfy municipal needs only. There are two 
scenarios for Portland system expansion that could 
provide additional water to Washington County 
users. The fi rst scenario includes the near-term 
(by 2020) expansion of supply capacity through 
fi ltration treatment and a raise of the existing 
Bull Run Dam Number 2. A second, longer-term 
expansion includes the construction of a third dam 
in the Bull Run watershed. Both scenarios would 

require the construction of a new transmission 
pipeline to Washington County.

Irrigation Exchange Pipeline from the 
Willamette River 
A raw water pipeline from the Willamette River 
in the Newberg area would pump irrigation water 
north into the Tualatin Basin. This water would be 
provided to the TVID in lieu of the Hagg Lake water 
that it currently uses, thereby making Hagg Lake 
water available for municipal use and instream fl ow 
restoration. 

3.4 SCREENING OF SOURCE OPTIONS
The source options listed above were evaluated 
to identify those which should be carried forward 
for additional technical study. A description of the 
major aspects of the screening process is given 
below.

Development of Assumptions and 
Evaluation Criteria
Evaluation criteria and assumptions were developed 
for use in comparing the water source options. 
Preliminary source options and draft criteria from 
the Integrated Water Resources Management 
Strategy (Montgomery Watson, 2001), the Regional 
Water Supply Plan (Regional Water Providers, 
1996), the Water Source Options Study (CH2M 
Hill, 1992) and the Regional Transmission and 
Storage Strategy (Montgomery Watson, 2000) were 
reviewed for information relating to key issues and 
evaluation criteria. The assumptions and evaluation 
criteria were modifi ed based on detailed comments 
received from the Tualatin River Watershed Council 
and from comments received during the Scoping 
phase of this project.

The individual criteria and assumptions are stated 
along with the specifi c aspects of each criterion 
that were considered during the evaluation process. 
Criteria are listed in random order. 

Cost allocation. The perceived fairness of cost 
sharing among water users will be maximized. 

Effi ciency. The use of current sources should be 
maximized before developing new ones.

Cost. Minimize the cost of source development. 
Minimize the cost of transmission, pumping and 
ancillary facilities. Maximize partnerships that 
leverage local resources.
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Institutional and fi nancial feasibility. Minimize the 
magnitude and diffi culty of required institutional 
changes. Minimize the diffi culty of reaching 
agreement on regional and local control issues.

Legal and regulatory feasibility. Minimize legal 
and regulatory obstacles. Maximize the ability 
to meet local and regional goals, standards and 
requirements. 

Supply Reliability. Defi ned as shortages due to 
lack of supply and/or infrastructure required to 
serve demand. Minimize future daily and seasonal 
shortages, including the magnitude, frequency and 
duration of shortages and the number of water 
users affected.

Emergency Reliability. Defi ned as shortages due 
to catastrophic events resulting from unexpected 
failure of supply and/or infrastructure. Minimize 
future shortages, including their frequency, 
magnitude and duration and the number of water 
users affected.

Water quality. Meet regulatory standards for 
drinking water. Maximize the consistency of water 
quality in the Tualatin River. Minimize adverse 
water quality impacts within the transmission and 
storage system.

Recreation. Minimize adverse impacts to recreation 
in the Basin. Maximize opportunities for recreation.

Flood control. Maximize opportunities to provide 
fl ood control for the Tualatin Basin. Minimize 
contribution to existing fl ooding problems.

Environmental Impact. Minimize adverse 
environmental impacts of source development, 
as well as transmission and ancillary facilities. 
Maximize environmental benefi ts. 

Timeliness. Maximize ability to meet projected 
demands at the time they are needed, including 
immediate local needs.

Property rights. Minimize adverse impacts to 
property rights.

Security. Maximize the ability to protect supply 
from intentional harm.

Evaluation Process
The potential source options were evaluated 
qualitatively by the Partners, CWAC, TRWC and 
the PSC by considering the criteria listed above. 
The desire of having geographically diverse water 
supplies for the region was added as a decision 
criterion during the evaluation process. Existing 
information on the feasibility, cost and impacts 
of potential source options was collected and 
reviewed. For source options where no existing 
data were available, planning-level studies were 
conducted to make an initial determination of 
suitability relative to the criteria.

The objective of the screening process was to 
identify those source options that warrant further 
study. It should be noted that source options not 
being carried forward in the WSFS can be revisited 
in the future. 

3.5 RESULTS OF THE SOURCE OPTIONS 
SCREENING PROCESS
Table 3-1 summarizes the recommendations of 
the Partners for consideration of potential source 
options in the WSFS.

Table 3-1 Summary of Recommendations

Source Options Not Evaluated in the WSFS

New in-line tributary storage
Off-line tributary storage
Bull Run Dam Number 3

Source Options Assumed to be Components of All Supply Alternatives

Water Conservation
Wastewater reuse
Aquifer storage and recovery

Source Options Evaluated in the WSFS

Scoggins Dam Raise at 20 feet
Scoggins Dam Raise at 40 feet
Willamette River Irrigation Exchange Pipeline

Source Options Needing Further Study

Near-term Additional Supply Improvements from Portland 
Stimson Dam

A discussion of the evaluation of each source option 
is the focus of the remainder of this section.
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Source Options Not Evaluated in the WSFS
These options were qualitatively evaluated by the Partners using the evaluation criteria and were rated 
as very low in terms of their ability to satisfy one or more criteria. Table 3-2 presents the qualitative 
assessment of source options in this category. A more detailed discussion of each source option in this 
category is given below.

Table 3-2 Qualitative Assessment of 
Source Options Not Evaluated in the WSFS
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Stimson Dam

New In-Line Storage

Off-Line Storage

Bull Run Dam 3 will be evaluated in RWSP Update

= Good = Fair = Poor

New In-Line Tributary Storage

Reclamation and the US Army Corps of Engineers 
began evaluating storage sites in the Tualatin Basin 
beginning in the 1940’s. At that time, the Basin 
was recognized as a productive agricultural area, 
having a location close to Portland that could assure 
a stable market for farm products. Population in 
the Basin was small but was recognized as growing 
over time. In 1940, the population of Hillsboro 
was 3,750 and that of Forest Grove was 2,450. At 
that time, the primary purpose of storage was 
to support irrigated agriculture. In a series of 
investigations conducted in the 1940’s, multiple 
reservoir sites were evaluated in the Basin: on 
Scoggins Creek, Gales Creek, the West and East 
forks of Dairy Creek and on the Tualatin River 
at Gaston. By the mid-1950’s, Scoggins Creek 
had been identifi ed as a preferred reservoir site. 
Congress authorized construction of the fi rst 
phase of the Tualatin Project in 1962. As plans for 
the construction of the fi rst phase of the Tualatin 
project slowly progressed, it was concluded that 
there was a need for a second phase in order to 
meet additional demands from the municipal, 
water quality, recreational and agricultural sectors. 
Provision of fl ood control was also a stated goal of 
the second phase. Congress authorized feasibility 
studies for a second phase of storage in 1966. 
The fi rst phase of the Scoggins Reservoir project, 

creating Henry Hagg Lake, was completed in 1974.

In the 1960’s and 1970’s, Reclaimation evaluated a 
total of 17 new reservoir sites in the Tualatin Basin 
and nearby coastal areas. The locations of these  
sites are shown on Figure 3-2. Sites were initially 
evaluated considering geologic conditions, water 
availability and cost. Subsequent analyses also 
considered location, environmental impact, fl ood 
control benefi ts and recreation. By the mid-1970’s, 
the Gaston area had been identifi ed as the most 
favorable in terms of geology, water availability 
and cost-benefi t ratio. After the selection of the 
Gaston site became public, local residents became 
involved in discussions related to the potential 
inundation of farmland, homes and cultural sites. 
Multiple locations were evaluated in the Gaston 
area, including the Gaston site (0.5 mile upstream 
of the town of Gaston), the Mt. Richmond site 
(1.75 miles upstream of the Gaston site) and the 
Cherry Grove site (at the upstream end of Patton 
Valley). Although the Cherry Grove site was favored 
by local residents because of its lower impact on 
surrounding lands, it was ultimately rejected based 
on geologic investigations. 
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Figure 3-2
US Bureau of Reclamation Potential Tualatin Basin Dam Sites, 1976

In the 1980’s, Reclaimation recommended the 
Mt. Richmond site as the preferred location for 
an 110,000 AF multi-purpose storage project. A 
detailed description of the project was prepared 
as part of a draft Planning Report/Environmental 
Impact Statement released in 1983. The second 
phase of the Tualatin Project was ultimately not 
approved due to lack of funding and strong local 
opposition.

The most recent consideration of new storage sites 
in the Tualatin Basin was conducted as part of the 
Phase I RWSP, which was described in Section 3: 
The Phase I Water Source Options Study, completed 
in 1992, evaluated six potential storage sites in 
the Basin. These were: Gaston Reservoir, Mount 
Richmond Reservoir, Barney Reservoir expansion, 
Rock Creek Reservoir, McKay Creek Reservoir, 
and the Wilson River reservoir and diversion. All 
of these sites had previously been considered 
by the Bureau, with the exception of the Barney 
and Wilson River projects, which are outside the 

Tualatin watershed. With the exception of the 
Barney Reservoir expansion project, the Phase I 
Source Options Study recommended that all new 
storage options in the Basin should be dropped 
from further consideration. Factors included limited 
water availability, major land use and environmental 
impacts, and water rights confl icts.

Over the past 50 years, multiple potential storage 
sites have been identifi ed in the Basin. Several of 
these sites have been evaluated in great detail. 
There is no reason to expect that the Gaston and 
Mount Richmond sites, which have been studied 
the most intensively, would be more feasible now 
than they were 30 years ago when the second phase 
of the Tualitin Project was fi rst seriously proposed. 
If anything, the environmental and cultural impacts 
of these projects would be seen as greater now. 
Other potential dam sites have been repeatedly 
rejected on the basis of multiple factors, including 
water availability, cost and environmental impact. 
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For the WSFS, the Partners rated the new dam 
source option as poor with respect to cost, 
feasibility, environmental and property impacts, 
and timing. Given the history and fi ndings of 
previous evaluations and ratings with respect to the 
WSFS evaluation criteria, new storage on a tributary 
of the Tualatin River was not carried forward for 
further study in the WSFS.

Off-Line Tributary Storage

The objective of off-line storage is to improve 
water quality in the tributaries to the Tualatin River 
during summertime low-fl ow periods. As such, this 
water supply option only meets the instream need 
component of the total demand identifi ed in the 
WSFS. Instream demand is approximately 15,000 
AF of new water supply, as described in Chapter 
2. Off-line storage would improve water quality by 
impounding water away from the tributaries during 
the wet season and releasing it back to the channel 
in low-fl ow periods.

To evaluate this supply option at a preliminary 
level, simplifying assumptions for the siting, design 
and operation of off-line storage facilities were 
made. These are:

• The off-line storage system should achieve a 
total storage capacity of 15,000 AF. Multiple 
storage facilities are possible, but individual 
facilities should be at least 3,000 AF in size,to 
control operation and maintenance costs.

• Storage facilities should be located outside of 
the fl oodplain to avoid reducing fl oodplain area.

• Storage facilities should be located outside of 
the Urban Growth Boundary (UGB) to limit 
confl icts with land use and development.

• Storage facilities should be located as close to 
the tributaries as possible. Capital and operating 
costs will be incurred by piping and pumping 
water back and forth between the storage 
facility and the tributary.

• Facilities should be located above an elevation 
of approximately 200 feet to provide 
downstream benefi ts.

Two general engineering approaches are possible to 
achieve off-line storage: 

Small Dam. In this approach, a dam is constructed 
on a small, low-fl ow tributary in order to 
supplement the fl ow of a targeted primary tributary. 

The watershed subbasin would be evaluated to
fi nd a small valley having a non-perennial stream. A 
dam would be built across the valley according to 
topography. A diversion pool would be created on 
the main tributary with a minimum water depth. 
Some amount of natural fl ow would be captured 
behind the dam, but the primary source of water 
would be wintertime fl ow that would be pumped 
from the main tributary and transferred to storage. 
As needed, stored water would be pumped back to 
the main tributary.

Although the dams required to impound 15,000 
AF or less of storage would be much smaller than 
Scoggins Dam, such projects would impact fi sh and 
wildlife habitat and wetlands, as well as property, 
roads and land use. 

From a preliminary topographic review of the 
watershed, multiple locations appear to be 
physically suitable for the construction of a 
small dam. No review has been conducted of the 
environmental or cultural impacts at potential 
dam sites.

Impoundment. In this approach, an excavated area 
would be created. Excavated fi ll would be placed 
around the perimeter to form a perimeter dike. 
A diversion would be created on the tributary, 
and water would be pumped under excess fl ow 
conditions and impounded for later release. A 
suitable water depth has been assumed to be 25 
feet.

Based on an initial feasibility assessment of off-line 
storage, the impoundment method is the preferred 
approach. Its primary advantage over the small dam 
approach is less environmental impact in the more 
undeveloped areas of the watershed. It should be 
noted that this storage method would also create 
impacts. However, since this method impounds 
water at lower elevations, anticipated impacts are 
primarily human land use and property confl icts. 

The fi ve sub-basins of the Tualatin watershed were 
evaluated at a reconnaissance level for the location 
of potential off-line storage impoundments. The 
Lower Tualatin subbasin was not evaluated because 
it is almost entirely within the UGB. An initial 
assessment of the remaining fi ve subbasins is 
given below. 

The fundamental obstacle to the siting of off-line 
storage impoundments is the fact that they would 
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compete directly with existing land uses, and they 
are area-intensive. Large parcels of low elevation, 
relatively fl at terrain not far from a tributary are 
valuable for multiple land uses. It appears that both 
the small dam approach and the impoundment 
approach are physically feasible methods of 
augmenting instream fl ow in the Basin. However, 
evaluation of this method of water supply against 
the criteria suggests that cost and impacts to private 
property and land uses are signifi cant drawbacks. 
Clean Water Services may elect to continue to 
investigate off-line storage options as part of 
its water quality management mission, but this 
option was not carried forward for more detailed 
investigation as part of the WSFS.

Bull Run Dam Number 3

The City of Portland is a major supplier of 
municipal water to the Tualatin Basin. Westside 
customers of the City of Portland include the 
Tualatin Valley Water District and the cities of 
Tigard, Sherwood, Raleigh and Tualatin. In the year 
2000, peak season consumption of Portland supply 
by westside users totaled about 10 billion gallons 
(30,000 AF).

It is anticipated that Portland will continue to 
provide municipal supply to the westside, at least at 
current levels. In the future, supply from Portland 
may increase, depending on system improvements 
and expansions of the Bull Run and groundwater 
supplies. Two major expansion scenarios are 
possible for the City: near-term expansions as a 
result of fi ltration treatment and a raise of Bull Run 
Dam Number 2, and a long-term expansion from 
construction of Bull Run Dam Number 3. In either 
scenario, new transmission would be required to 
supply the west side. 

The Bull Run Dam Number 3 project would 
include a new dam and reservoir between Bull 
Run Reservoir No. 1 and Bull Run Lake. The 400-
foot high dam would impound about 60,000 
AF of useable supply. Of this, it is assumed that 
approximately 30,000 AF (10 billion gallons) would 
be available for municipal supply, above existing 
levels. This supply option was evaluated in the 
Phase I Water Source Options Study and RWSP and 
was recommended for further study. Disadvantages 
of the project are increased supply vulnerability 
with so much regionally-signifi cant storage 
concentrated in one location, high construction 

costs associated with working in remote areas 
of the watershed, and environmental impacts. 
Advantages of the project include the high yield 
of the reservoir site, good water quality, ease of 
obtaining water rights and protection from public 
access. No detailed studies have been conducted on 
the feasibility of the project.

The RWSP update, which is currently underway, 
is evaluating the feasibility and cost of a Bull Run 
expansion. The Partners have recognized that 
development of this major source is outside the 
authority of the Partners. Given these factors, 
the WSFS did not consider the Bull Run Dam 
Number 3 project as an option for further study, 
but instead will incorporate information received 
from the RWSP update. Information on Bull Run 
Dam Number 3 should be considered by the WSFS 
project participants as it becomes available.

3.5.2 Source Options Assumed To Be Part 
of All Water Supply Alternatives
This section discusses the source options that 
have been included as elements of an overall 
water supply strategy. These source options 
were perceived as strongly positive in one or 
more evaluation criteria. These options include 
two approaches to demand reduction: water 
conservation and wastewater reuse. This class of 
options also includes ASR. On their own, none of 
these options can meet the identifi ed water needs 
of the Basin, but they can readily be combined with 
others to meet the total need.

Water Conservation

In the WSFS, conservation is considered as a 
water source option that is important to meeting 
future water needs. Successful water conservation 
programs can delay or eliminate the need for capital 
investment, thereby saving money and reducing the 
environmental impacts of water supply projects. 
Conservation is also consistent with the values of 
the community. It is assumed that conservation will 
be a part of any long-term water supply alternative 
for the Tualatin Basin.

Water conservation reduces demand for both 
agricultural and municipal water. In the Tualatin 
Basin, the TVID practices conservation as required 
by Reclamation. The municipal water providers 
conducted ananlysis and activities that have 
reduced water cosumption in the Tualatin Basin. 
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The 1996 RWSP process provided the fi rst 
comprehensive analysis of water conservation 
options for Portland area water providers. The 
participants in the RWSP developed detailed 
recommendations on conservation programs and 
estimated the amount of water that could be saved 
over time if these measures were put into effect. 
The conservation targets that were adopted by the 
region in 1996 call for a 5.5 percent peak season 
demand reduction by 2000, a 15 percent reduction 
by 2025 and an ultimate 17 percent reduction by 
2050. For the WSFS, the peak season is defi ned as 
the 180-day period between May 1 and October 31. 
This is the time of year when water consumption 
is highest and when conservation can be most 
effective.

In order to quantify the amount of water that will 
be saved by conservation from now until 2050, it is 
important to account for conservation savings that 
have already been achieved. The most recent study 
of water demand reduction due to conservation 
was prepared by the Portland Water Bureau in 2001 
(Bull Run Treatment Decision Project, 2001). In that 
study, the Water Bureau estimated water savings 
due to conservation since the regional conservation 
program began in the late 1980’s. The study 

considered conservation savings in the City and for 
its wholesale customers. Forty-three percent of total 
Portland supply is dedicated to the City’s wholesale 
customers. Three of the six largest wholesale 
customers are in Washington County: the Tualatin 
Valley Water District and the cities of Tigard and 
Tualatin.

By examining historical consumption records 
beginning in 1960, the City concluded that 
signifi cant progress has been made toward 
achieving the regional conservation targets. Figure 
3-3 illustrates the change in per capita demand 
since 1960. Per capita demand is defi ned as the 
amount of water used per person per day. Per 
capita water use peaked in the 1980’s and has 
been dropping ever since. Aggressive conservation 
measures implemented during the 1992 drought 
continue to produce reductions in demand. 
The Portland Water Bureau estimates that per 
capita water demand has dropped by 20 percent 
since the late 1980’s. Reductions have also been 
observed in total peak season demand and in the 
average amount of water used per year. Table 3-3 
summarizes the City’s estimate of system demand 
reductions achieved through conservation.

Figure 3-3
Historical Per Capita Demand for the City of Portland
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Table 3-3
Summary of Demand Reductions Due to Conservation

Portland System

Measure Pre-
Conservation Current Percent 

Reduction

Per Capita Demand (gpcd) 170 136 20

Peak Season Demand (mgd) 170 152 12

Annual Average Demand (mgd) 121 110 9

Since the late 1980’s, the Portland Water Bureau 
has estimated that an approxiamte 12 percent 
reduction in peak season demand has occurred. 
This compares favorably to the target set for 2025 
of 15 percent and indicates that the Portland system 
has progressed towards achieving the regional 
conservation goals.

The Tualatin Valley Water District (TVWD) has 
evaluated reductions in consumption as a result 
of conservation as part of their most recent 
Water Management Plan (CH2M Hill, 2000). An 
independent consultant evaluated trends in water 
consumption by customer account over time, and 
observed a drop of 13 percent in per account usage 
since TVWD began its conservation program in 
1989. The most pronounced reductions followed 
the drought of 1992, a pattern which has been 
observed throughout the region in response to 
intensive water use awareness campaigns waged by 
the water providers.

As part of the RWSP update, individual water 
providers have selected conservation programs and 
policies for future implementation. The programs 
selected by the nine participating Washington 
County providers, including the participants in 
the WSFS, will produce an estimated 879 million 
gallons in water savings annually, equal to a 
savings of 2,700 AF per year, over and above the 
conservation programs currently in place. This 
represents about a nine percent reduction in the 
estimate of new M&I supply needed by 2050.

Wastewater Reuse

Clean Water Services provides wastewater 
collection and treatment, stormwater management 
and water quality management for 470,000 
customers in Washington County. Clean Water 
Services treats an average of 72 million gallons of 
wastewater per day. The wastewater is collected by 
a network of more than 800 miles of sewer lines 
and 41 pump stations, and routed to four treatment 

plants at Durham, Rock Creek, Forest Grove and 
Hillsboro. The Durham and Rock Creek treatment 
plants provide tertiary treatment, which result in 
the highest quality of treated water for reuse.

Clean Water Services currently practices reuse 
at a level of 1,000 AF per year for irrigation of 
golf courses and institutional outdoor watering. 
The WSFS assumes that this level of reuse will 
continue into the future. Two factors are primarily 
responsible for the decision to maintain the existing 
level of reuse: water quality impacts and cost.

Water quality impact of wastewater reuse. Reuse 
has long been favored by the environmental 
community as a means of reducing the impacts 
of wastewater discharges on the Tualatin River. 
In the 1960’s, poorly functioning wastewater 
treatment plants along the river, coupled with 
the impacts of urbanization and non-point source 
pollution, contributed to the degradation of water 
quality. Following its creation in 1970, Clean Water 
Services ( then the Unifi ed Sewerage Agency) 
began a program of construction and upgrades 
to its facilities that consolidated operations at the 
Rock Creek and Durham plants and eventually 
led to tertiary treatment by the 1990’s. Clean 
Water Services supplemented this construction 
program with releases of stored water from Hagg 
Lake during low-fl ow periods, beginning in 1975. 
As a result of the wastewater treatment process 
upgrades, by 1992 Clean Water Services was no 
longer required to provide fl ow augmentation for 
dilution. The tertiary treated effl uent contained 
lower concentrations of phosphorous and ammonia 
nitrogen than were found in the river. Today, 
effl uent discharges continue to lower nutrient levels 
in the river. 

DEQ has recently developed new TMDLs for the 
river and its tributaries. The new TMDLs apply to 
phosphorous, temperature, bacteria and dissolved 
oxygen. These new standards have not yet been 
applied to Clean Water Services’s federal discharge 
permits. It is unclear what these new standards 
will mean in terms of effl uent discharge limitations. 
However, since the discharge of tertiary treated 
effl uent has been shown to have a positive effect 
on nutrient concentrations in recent years, an 
aggressive reuse program must be carefully 
evaluated. This decision should be re-evaluated 
based on the development of implementation plans 
for the new TMDLs.
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Cost. Expansion of the reuse program would 
require a substantial capital investment, as well 
as ongoing annual operating costs. The capital 
requirements have been detailed in Clean 
Water Services’ 1991 Reuse Master Plan. For an 
intermediate level of reuse of 3,500 AF, a capital 
investment of about $54 million is required. 
Facilities would include storage reservoirs, 
pump stations, and transmission and distribution 
pipelines. On a unit basis, the cost of reuse water is 
more than $15,000 per AF. 

Part of the fi nancing concept of the reuse program 
is that a market for recycled wastewater will be 
developed, and that both agricultural and urban 
users will be willing to pay for the product. The 
1991 Master Plan estimated that customers would 
be willing to pay from 50 to 80 percent of the cost 
of alternative irrigation supplies for recycled water. 
The current price for agricultural water in the 
Tualatin Valley is about $30 per AF for piped supply 
from TVID. Assuming that an agricultural customer 
is willing to pay half of this amount for recycled 
water, Clean Water Services could recoup $15 per 
AF, or about 0.1 percent of the cost of the water. 
For the urban user, where unit costs for water are 
much higher, a better return on investment would 
be possible. Assuming a rough cost of municipal 
water of $1 per 100 cubic feet (ccf), the unit cost 
of this supply is $435 per acre foot. Assuming that 
a municipal user would be willing to pay $250 per 
AF, Clean Water Services could recoup roughly 1.5 
percent of its investment. The remaining program 
costs would be borne by Clean Water Services 
customers.

In summary, the WSFS assumes that the existing 
level of reuse, equivalent to a total amount of 1,000 
AF per year (3.3 million gallons per year) will 
continue into the future. No additional supply is 
assumed from reuse.

Aquifer Storage and Recovery (ASR)

ASR is a method of artifi cial recharge of 
underground aquifers. Treated municipal supply is 
injected through groundwater wells into aquifers 
in times of the year when supply exceeds demand. 
Surplus supply can potentially be stored in large 
quantities underground. In peak demand periods, 
the water is then withdrawn through the same 
groundwater wells and put into the system. There 

are several key factors that determine the success of 
an ASR program. These are:

• The availability of high quality, surplus water for 
injection;

• Chemical compatibility between the injected 
supply and the native groundwater; and 

• Suitable aquifer units having good storage 
characteristics.

Most surface water supplies in the Northwest can 
provide surplus supply during the wet season for 
injection. For the Tualatin Basin, surplus supply is 
available for storage in winter months. Chemical 
compatibility between the injection water and 
the native groundwater must be evaluated on a 
case-by-case basis, but so far has not presented 
major obstacles in the Tualatin Basin. Aquifer 
characteristics vary widely according to local 
geology and must be carefully evaluated. The 
storage characteristics of the local aquifer 
determine how much water can be stored. An 
aquifer that is not capable of containing the 
injected water will release the injected supply, 
which can impact storm drains, cause basement 
fl ooding, create springs and seeps, and saturate 
soils containing contaminants. The long-term 
reliability of ASR systems in this region is unknown. 

ASR was identifi ed in the RWSP as a water 
source option that could potentially provide up 
to 40 million gallons per day of regional source 
capacity during hot summer days. Twenty million 
gallons of capacity was assumed to be feasible for 
Washington County. In the Tualatin Basin, several 
water providers have tested or are currently testing 
the feasibility of ASR. These include the Tualatin 
Valley Water District and the cities of Beaverton, 
Tigard and Tualatin. The development of ASR has 
had mixed success in the Tualatin Basin, primarily 
due to the variability in local geologic conditions. 
The City of Beaverton conducted a pilot program 
on ASR and, on the basis of favorable results, has 
developed a full-scale system capable of providing 
about 4.5 mgd over the peak season. This translates 
to a peak season supply of 0.8 billion gallons or 
about 2,500 AF. The Tualatin Valley Water District 
also pilot tested ASR, but found that the site-specifi c 
geology was not favorable for ASR. In this case, 
injected water was released by the aquifer and 
created springs and seeps. The cities of Tigard and 
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Tualatin are currently exploring the feasibility of 
ASR for their systems.

The WSFS assumes that an ultimate capacity of 10 
mgd will be developed in the Tualatin Basin. This 
includes the 4.5 mgd developed by Beaverton and 
assumes an additional contribution of 3,000 AF 
per year.

Summary of Source Options Included in All 
Supply Alternatives

The previous sections have discussed additional 
water supply that can be derived from conservation 
(2,700 AF) and ASR (3,000 AF). No additional 
supply is assumed to be provided by wastewater 
reuse, over existing levels. 

Source Options Evaluated in the WSFS
This section discusses those source options which 
could be used in combination with the options 
listed above in order to meet the total water need 
for the Basin to 2050. No fatal fl aws were identifi ed 
with respect to the evaluation criteria that would 
prevent the development of these supply options. 

Scoggins Dam Raise

The Scoggins Dam is owned by the US Bureau 
of Reclamation and was completed in 1975. 
Key facilities include the earthfi ll dam itself, 
the spillway and outlet works. The reservoir is 
surrounded by a perimeter road, and the water and 
shoreline are popular recreational attractions. The 
dam and reservoir are operated for water supply 
and fl ood control, with an active storage capacity 
of 53,600 AF (17.4 billion gallons). Stored water 
is currently used for agricultural and municipal 
supply, and for fl ow augmentation of the Tualatin 
River in the summer months.

A preliminary technical assessment of the feasibility 
of raising the dam by 20 feet and by 40 feet was 
conducted in 1999 (Montgomery Watson, 1999) 
and was refi ned by Reclamation in 2003. These 
evaluations concluded that the dam raise at both 
heights was technically feasible. A 20-foot raise 
would increase the active storage capacity by about 
24,000 AF (7.9 billion gallons). A 40-foot raise 
would increase active storage capacity by about 
53,000 AF (17 billion gallons).

The 20-foot raise would not be adequate to meet 
projected combined water demands to the year 
2050, which total 45,000 AF. Demand estimates 
used in the WSFS do not account for potentially 
higher demands due to global warming or higher 
than anticipated population growth in the Basin, 
and do not carry water supplies past 2050. A 
larger facility would provide additional storage 
and would also improve reliability and drought 
protection by providing carryover during dry years. 
The larger facility would also provide additional 
water for environmental benefi ts, and could be 
required for fi sh protection under the ESA or other 
environmental regulation.

On the basis of these preliminary technical 
fi ndings, the WSFS will further evaluate the 
feasibility of a 20-and 40-foot dam raise. An 
important aspect of subsequent studies will be the 
environmental impacts of the dam raise, as well as 
impacts to property and park facilities. 

Irrigation Exchange Pipeline from the 
Willamette River 

The TVID maintains water rights in Hagg Lake for 
about 27,000 AF. The TVID is authorized by federal 
contract to irrigate up to 17,000 acres per year, 
and typically serves this amount of acreage every 
year. The terms of the federal contract prohibit 
TVID from irrigating any more than this amount 
of land per season, although irrigation water may 
be applied anywhere within the 34,000 acres 
of irrigable land within TVID’s boundaries. The 
TVID maintains service contracts with about 370 
individual water users. Average water use by the 
TVID is about 15,500 AF (5 billion gallons) per 
season, at an average application rate of slightly less 
than 1 AF per acre.

The concept of the irrigation exchange pipeline 
is to transport Willamette River water from the 
Newberg area north to TVID’s existing pumping 
plant on the Tualatin River. This water would 
replace base season withdrawals from stored 
supplies in Hagg Lake. In concept, Willamette 
River supply could replace the average water use 
of 15,500 AF, thereby freeing the stored supply 
in Hagg Lake for instream fl ow augmentation or 
municipal needs.
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The WSFS evaluated the engineering feasibility 
and cost of an irrigation pipeline, and collected 
reconnaissance-level information on environmental 
impacts of the approximately 23-mile pipeline. 
The pipeline would be sized to provide the 
average irrigation demand over the typical 150-
day irrigation period. For an average water use of 
25,000 AF over 150 days, the pipeline would be 
required to transport about 170 AF of water per day, 
or about 54 mgd (83 cfs). The pipeline would range 
in size from 48 to 54 inches in diameter.

Source Options Needing Further Study

Portland System Expansion

The City of Portland is a major supplier of 
municipal water to the Tualatin Basin. Existing 
westside customers of the City of Portland include 
the Tualatin Valley Water District and the cities of 
Tigard, Sherwood, Raleigh and Tualatin. In the year 
2000, peak season consumption of Portland supply 
by westside users totaled about 10 billion gallons 
(30,000 AF), and accounted for about 30 percent of 
the total westside water supply.

The City of Portland is anticipating that its supply 
capability will increase by about 5 billion gallons 
(15,350 AF) over the next 20 years (Kessler, 
2002). The Portland Water Bureau estimates that 
approximately 3 billion gallons (9,200 AF) of this 
supply could become available to Tualatin Basin 
users. Specifi c elements of the Portland expansion 
scenario include a fi ltration treatment plant coming 
on-line around 2010 and a raise of Bull Run Dam 
Number 2 by 2020. Both of these projects appear to 
be technically and environmentally feasible. 

The WSFS assumes that Portland will continue 
to provide municipal supply to the westside, at 
least at current levels, and that up to 3 billion 
gallons of additional municipal supply may become 
available to the westside customers by the year 
2020. This increment of supply will be evaluated 
as an alternative in the WSFS. A new transmission 
pipeline will be required to bring the additional 
supply to the westside.

Stimson Dam

This option considers the construction of a new 
dam downstream of the existing Scoggins Dam 
and immediately upstream of the existing Stimson 
lumber processing facility on Scoggins Creek. A 

planning-level evaluation of this source option 
was conducted in February 2002. A technical 
memorandum summarizing the results of this 
evaluation is contained in the Appendix.

For this source option, two heights were considered 
for the construction of a new dam. One scenario 
considered construction to a height matching the 
existing Scoggins Dam, with a crest at elevation 
313 feet. The additional storage would be about 
11,000 AF and would be impounded between the 
new dam and the downstream face of the existing 
Scoggins Dam. The estimated project cost for a new 
dam at this elevation is about $107 million, for a 
cost of water of almost $10,000 per AF. A second 
scenario considered construction of a new facility 
to an elevation of 333 feet. This would be 20 feet 
higher than the existing Scoggins Dam and would 
provide a total new storage volume of about 48,000 
AF. This includes roughly 21,500 AF of “new” water 
that would be impounded between the Stimson 
Dam location and the existing Scoggins Dam, plus 
the 26,600 AF of storage which would be created 
by the 20-foot raise in Hagg Lake reservoir. This 
scenario assumes that the existing dam would be 
breached and that the fi nal water surface elevation 
would be approximately 325 feet. The unit cost of 
new water under this scenario would be slightly 
less than $3,200 per AF. Table 3-4 summarizes the 
cost information for the Stimson Dam alternatives, 
compared to current conditions and against 
preliminary cost estimates for a raise of the existing 
Scoggins Dam. Planning-level cost estimates for 
a raise of Scoggins Dam by 20 and 40 feet were 
previously prepared by Montgomery Watson (MW, 
1999).

Table 3-4
Cost Comparison for Stimson Dam Scenarios

Scenario Total Cost 
($ millions)

Total 
Storage 

(af)

New 
Storage 

(af)

Cost per 
af for 
New 

Storage

Existing Scoggins Dam  - 53,600  -  -

Scoggins Dam Raise by 20’ $70 77,900 24,000 $2,900

Scoggins Dam Raise by 40’ $130 106,150 53,000 $2,450

Stimson Dam to 313’ $107 64,810 11,210 $9,590

Stimson Dam to 333’ $153 101,650 48,050 $3,190
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There may be advantages to a new dam compared 
to raising the existing Scoggins Dam. As shown 
in Table 3-4, the total additional storage created 
by a new facility constructed to elevation 333 feet 
(equivalent to a 20-foot raise in reservoir water 
levels) yields about 90 percent of the amount of 
water created by a 40-foot raise of the existing 
Scoggins Dam. A Stimson Dam option could 
provide almost as much total storage as the 40-
foot option, at a level of impact that is roughly 
equivalent to the 20-foot raise. 

The primary known disadvantage of the Stimson 
Dam alternative is its relatively higher cost. The 
cost comparison between the Stimson Dam option 
and the Scoggins Dam raise option indicate that 
the raise option is more cost-effective, especially 
for the 20-foot raise scenario. Other disadvantages 
include impacts to property, to Stimson operations, 
and required relocation of access roads. Fish habitat 
and designated elk habitat would also be inundated 
in Scoggins Creek. Other environmental impacts 
are unknown. For these reasons, the Stimson Dam 
option was not evaluated by the Partners in the 
WSFS.

During the course of the WSFS, Reclamation 
commented that the Stimson option should not 
be discarded on the basis of cost alone, based on 
the low accuracy of the preliminary cost estimate. 
Reclaimation recommended that this option be 
studied in more detail. The Partners will evaluate 
this option in a subsequent phase of study.

The “no action” alternative
As defi ned by Reclamation guidelines, “no action 
represents a projection of current conditions 
to the most reasonable future conditions that 
could occur…without any action alternatives 
being implemented” (Reclamation, 2000). The no 
action condition is not the same thing as existing 
conditions, since “reasonably foreseeable future 
conditions” may occur without major federal action.

For the WSFS, it is assumed that Clean Water 
Services would continue to augment Tualatin River 
fl ows with stored supplies from Hagg Lake and 
Barney Reservoir under a no action condition. 
Consistent with current conditions, the no action 
condition for instream water quality parameters 
foresees that algal blooms, low dissolved oxygen 
and high levels of ammonia-nitrogen will 
continue to occur in the Tualatin River. TMDLs for 
phosphorous, dissolved oxygen and temperature 
will not be met in future. Flow restoration would 
not be a measure that could be applied to enhance 
fi sh habitat and passage above current levels.

The WSFS assumes that agricultural irrigation in the 
Tualatin Valley will remain fundamentally stable 
and that no major increases in irrigated agriculture 
will occur. If demand for irrigation water increases 
over the next 50 years, due to changes in crop type 
to more water-intensive nursery stock, or due to 
long-term climatic changes which predict increased 
temperatures, this increased demand would either 
not be met, or would be met by redistribution of 
existing supplies, use of recycled wastewater and 
conservation.

The WSFS assumes that municipal and industrial 
water demand will increase according to the 
projections given in Section 2 of this Report. 
The WSFS assumes that new water conservation 
measures can provide an additional 0.9 billion 
gallons (2,700 AF) of supply by 2050. This is 
approximately 6 percent of the total identifi ed 
need, and 9 percent of the identifi ed M&I need. 
The WSFS also assumes that an additional 0.9 billion 
gallons (2,760 AF) of peak season supply will be 
obtained through ASR by 2050. This represents 
another 9 percent of the M&I source increment. 
These two programs can meet about one-sixth of 
the total identifi ed municipal need of 10 billion 
gallons. Implementation of the conservation 
programs that were envisioned in the RWSP will 
require additional effort and expense, but these 
efforts are not considered to compose a “major 
federal action”. 
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In the absence of major action, the population of 
the Tualatin Basin will experience water shortages. 
Measures that could conceivably be taken in 
response to water shortages include short-term 
moratoriums on building and development. The City 
of Wilsonville in southeast Washington County has 
just lifted a two-year moratorium on development, 
imposed as a result of steadily declining 
groundwater levels. The City was able to lift the 
moratorium following construction of a new water 
treatment plant on the Willamette River, which 
came on-line in April of 2002. Moratoriums should 
be viewed as interim solutions to water shortages, 
however, and are limited by state law to a 2-year 
duration. Other measures which could be taken in 
response to water shortages include more severe 
conservation measures, such as incorporating legal 
restrictions on outdoor landscaping and irrigation. 
It is unknown how much of the remaining demand 
more restrictive conservation measures could 
alleviate.

Scenarios for future water shortages in the Basin 
are highly speculative. However, under conditions 
of prolonged water shortage, it is not unreasonable 
to assume that municipal needs to provide water 
for public health and safety would be found to 
outweigh the environmental benefi ts provided 
by instream fl ow augmentation. In this case, 
the no action future could include a transfer of 
Clean Water Services’ stored water rights in Hagg 
Lake and Barney Reservoir to municipal use. The 
lack of supply for instream fl ow would result 
in deterioration of water quality in the Tualatin 
River, fi sh habitat degradation and environmental 
impacts around the reservoir as drawdown patterns 
change. In addition, economic growth in the Basin 
is dependent on the provision of public services, 
including water supply. The economic impacts of 
future water supply shortages must be evaluated as 
part of a “no action” scenario.
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Chapter 4 – Evaluation of 
Source Options

4.1 DESCRIPTION OF SOURCE OPTIONS 
This Chapter describes the technical studies that 
were conducted as part of the WSFS. The WSFS 
focused on examining the feasibility and cost of 
three primary source options – a raise of Scoggins 
Dam by 20 or 40 feet, and a raw water exchange 
pipeline from the Willamette River to provide 
irrigation supply. Chapter 3 discussed the range of 
potential source options that were considered in 
the WSFS planning process, and the screening that 
narrowed the fi eld of suitable options. It is assumed 
that conservation, wastewater reuse and ASR are 
suitable components of all of the primary options 
for future supply. A discussion of these options and 
estimated future yield was provided in Chapter 3. 
No additional detailed study was conducted for 
these other source options. Chapter 3 also noted 
that two potential source options – the Stimson 
Dam and additional wholesale purchase from the 
City of Portland – must be evaluated in the next 
phase of work and compared against the options 
studied in the WSFS.

4.1.1 Scoggins Dam Raise – 20 Feet
The existing Scoggins Dam is a zoned embankment 
structure located approximately 25 miles west of 
Portland, Oregon, on the east slope of the Coast 
Range. The project is owned by Reclamation, and 
was constructed from 1972 to 1975. Regulation of 
water on Scoggins Creek, a tributary of the Tualatin 
River, began in 1975. The existing dam contains 
about 4 million cubic yards of material. The dam 
crest is 2,700 feet long and is 116 feet above the 
bed of Scoggins Creek. The storage capacity of the 
reservoir is 53,640 AF.  A spillway and outlet works 
are located on the left abutment of the dam. The 
dam and reservoir are operated for municipal and 
agricultural water supply, instream fl ow restoration 
and fl ood control (MW, 1999).

A 20-foot dam raise was selected for evaluation 
by the Partners based on its expected reliability 
of fi lling, and reasonable economic impacts. 
No major new structures, apart from the raise 
of the dam itself, would be required under this 
scenario. Reclaimation conducted the preliminary 
engineering review of the 20-foot raise option 

(Reclaimation, 2003). This option assumes that the 
spillway would remain in its current location, and 
the crest of the dam would be raised by 20 feet. The 
existing radial gates would be removed and reused. 
The stilling basin at the foot of the spillway would 
be lengthened to accommodate higher energy. The 
useable storage capacity of the reservoir would be 
increased by 24,300 AF.

4.1.2 Scoggins Dam Raise – 40 Feet
The 40-foot raise scenario was selected for 
evaluation by the Partners based on the higher yield 
of the project and anticipated reasonable impacts 
to non-federal property. The 40-foot raise would 
require the construction of a new spillway, in a new 
location on the left abutment, with removal of the 
existing spillway. The new spillway would require 
a new approach channel, a new intake, new chute 
and stilling basin. The crest of the dam would be 
raised by 40 feet. The useable storage capacity of 
the reservoir would be increased by 52,550 AF.

4.1.3 Irrigation Exchange Pipeline From 
The Willamette River
The Irrigation Exchange Pipeline would convey 
untreated water from the Willamette River to serve 
the irrigation needs of the Tualatin Valley Irrigation 
District (TVID). The TVID maintains a contract 
for 27,000 AF of stored water with Reclamation in 
Hagg Lake. Under this supply option, the Irrigation 
Exchange Pipeline would replace most of the 
TVID’s water demand on Hagg Lake. The resulting 
surplus stored water would be re-allocated to meet 
instream fl ow and M&I demands.

The Irrigation Exchange Pipeline system has 
been sized to convey 25,000 AF per year of raw 
Willamette River water to the TVID over the typical 
150-day irrigation season. The major components 
of the piped system are an intake and pump 
station, a pipeline and equalization storage at an 
intermediate point along the pipeline. The pipeline 
length is approximately 23 miles and is sized at 
48 to 54 inches in diameter. Elevation changes 
along the pipeline route will require design for 
surge pressures up to 400 psi. For this analysis, it 
was assumed that the pipeline would be entirely 
contained within existing road rights-of-way.
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4.2 AFFECTED ENVIRONMENT AND 
ENVIRONMENTAL CONSEQUENCES
This section summarizes the technical information 
that was collected and analyzed during the 
Feasibility Study. More detailed descriptions and 
conclusions related to the three source options can 
be found in the Technical Appendix to this report.

4.2.1 SOILS

Methods
The study methodology for determining the 
project affected environment consisted of a review 
of pertinent literature, including Reclamation’s 
“Scoggins Dam Feasibility Design Dam Raise 
Report” (Reclamation, 2003) for the dam raise 
options. The WSFS assumes that Reclamation will 
conduct the majority of the work for soils as part 
of their preliminary design work on the dam raise 
options. 

U.S. Geological Survey (USGS) reports and Natural 
Resource Conservation Service (formerly known 
as the Soil Conservation Service (SCS)) soil maps 
for the Willamette River Irrigation Exchange 
Pipeline area were reviewed. The seismicity for 
the Irrigation Exchange Pipeline project area was 
evaluated by identifying the seismic hazard zone 
and by determining the overall relative earthquake 
ground motion-shaking hazard for the pipeline 
corridor. This information is based on USGS seismic 
hazard reports and published geologic literature 
relating to the region. More detailed information 
on project area soils and geology, and anticipated 
project impacts can be found in the Technical 
Appendix to this report.

Affected Environment 

Scoggins Dam Raise Options

Scoggins Dam is located on the eastern slope of 
the Coast Range physiographic province. The area 
in the vicinity of the dam is composed of inclined 
marine sediments and interbedded volcanics. The 
dam is founded on marine sediments of the Spencer 
Formation which consists of massive, fi ne-grained 
sandstone with minor interbedded deposits. 

The area surrounding Hagg Lake is highly 
susceptible to landslide activity. In the Henry 
Hagg Lake Resource Management Plan: Draft 
Environmental Assessment (Reclamation, 2000), 
Reclaimation indicates that repair and mitigation for 

landslide activity in the vicinity of the park access 
roads (Scoggins Valley Road and West Shore Drive) 
is frequent and widespread. Landslide activity 
occurring since the creation of Hagg Lake in 1974 
has been identifi ed in at least 11 areas along the 
west, north, and east shores of Hagg Lake. The 
landslides occur in natural and in fi ll materials and 
appear to be activated by increases in precipitation 
and rises in groundwater levels (Reclamation, 
2003). Extensive landslide activity occurred in 
the 1970s and in 1996. The 1996 slides were 
triggered by storm events resulting in unusually 
high precipitation for the year (Reclamation, 2000). 
According to Reclaimation, most of the slides were 
on privately owned timberlands surrounding the 
Lake (Reclamation, 2000). 

Reclamation performed a seismotectonic evaluation 
in 1994 that identifi ed two maximum credible 
earthquakes. The existing dam is considered 
stable under the calculated loading rates for both 
a Cascadia subduction zone and a random event 
quake. Reclamation is currently scheduled to 
perform a more in-depth study of potential seismic 
hazards at the dam site, and to further evaluate 
a previously identifi ed inactive fault in the area. 
The WSFS did not evaluate the feasibility of the 
dam raise options with respect to seismic stability. 
More information on this topic is contained 
in Reclamation’s preliminary design report 
(Reclamation, 2003).

Willamette River Irrigation Exchange Pipeline

The pipeline project area is located at the boundary 
between the eastern Coast Range and western 
Willamette Valley. The proposed pipeline is situated 
in the lowlands of the Tualatin Valley region of the 
northern Willamette Valley which includes (from 
north to south) the Tualatin, Chehalem-Wapato, 
and Newberg valleys. The adjacent uplands include 
the moderately steep rolling foothills of the Coast 
Range and the Red Hills of Dundee to the west, and 
the Chehalem Mountains to the east. Elevations 
in the project area are approximately 170 feet to 
200 feet on the valley fl oor and between 1,000 
and 2,000 feet in the uplands. Figure 4-1 gives an 
overview of project area geology.

Soils along the proposed pipeline route along the 
valley fl oor include primarily deep silt loam and 
silty clay loam with relatively gentle slopes (0 to 
12 percent). Steeper slopes (12 to 45 percent) are 
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present in the adjacent uplands and in surface 
drainage channels traversing the lowlands.

The seismic hazards in the project area result from 
three seismic sources: interplate events, intraslab 
events, and crustal events (Geomatrix, 1995). Each 
of these events has different causes, and therefore, 
produces earthquakes with different characteristics 
(peak ground accelerations, response spectra, and 
duration of strong shaking). 

Seismic ground acceleration data for the project 
area was obtained from the USGS National Seismic 
Hazard Mapping Project database. One of the 
values generally used to determine an earthquake’s 
relation to building damage is peak ground 
acceleration (PGA). According to the USGS, a PGA 
of 0.10 g (g equals the acceleration as a result of 
gravity) may be the approximate threshold of 
damage to older (pre-1965) dwellings or dwellings 
not made to resist earthquakes. In comparison, 
some post-1985 dwellings, built to California 
earthquake standards, have experienced severe 
shaking (0.60 g) with only chimney damage and 
damage to dwelling contents. 

The PGA at the site corresponding to a 10 
percent probability of exceedance in 50 years 
(approximately 500-year return period) for the 
study area is 0.18g (USGS, 2003). This value of 
PGA on rock is an average representation of the 
acceleration most likely to occur at the site for all 
seismic events (crustal, intraplate, or subduction) 
for the 500-year return period. 

The maximum moment magnitude of a 500-year 
return period crustal event is predicted to be 6.0 to 
6.8 for the study area (Geomatrix, 1995). 

According to the Seismic Zone Map of Oregon 
(OSSC, 1998), the project area and much of 
western Oregon is located in seismic zone 3. This 
corresponds to an intensity VIII earthquake of the 
Modifi ed Mercalli (MM) Scale, which can produce 
considerable damage should one occur. 

Environmental Consequences

Scoggins Dam Raise Options

This section provides an analysis of the potential 
for the dam raise alternatives to increase the 
potential for landslides and erosion around the 
perimeter of Hagg Lake. As noted above, it is 
assumed that Reclamation will conduct more 

detailed investigations in this area in their role as 
the technical lead for the dam raise options. 

Landslide hazards

Potential impacts to geologic formations and soils 
during road construction and raising of the dam 
could be substantial. Construction activity and 
raising of the reservoir level could potentially 
undermine slopes or contribute to slope instability. 
Raising the dam could potentially cause slides 
by saturating soils along the perimeter, which 
are typically well-drained. When sediments 
become saturated, adhesion between soil particles 
decreases.

Erosion hazards

The basin consists of mostly moderately steep 
vegetated slopes. Some of the soils types on steeper 
slopes are prone to erosion and rapid runoff. 
Based on SCS soil descriptions, erosion hazard is 
potentially severe for the Melbourne silty clay loam 
(31E, 31F) and Saum silt loam (38E) soils, where 
slopes are between 20 and 60 percent.

In the geologic report on Sediment Accumulation 
and Distribution in Henry Hagg Lake (Reclamation, 
2000) Reclaimation documents the results of 
their investigation into the nature and extent of 
sedimentation deposits in Henry Hagg Lake. The 
investigation was prompted by concerns over the 
increased turbidity in the lake and potential loss of 
reservoir capacity. Reclaimation concluded that the 
sediment accumulation rate into the lake between 
1974 and 1999 was 19.2 AF per year, slightly less 
than the pre-reservoir estimate of 20 AF per year. 

Impacts to geologic formations and soils during 
road construction and raising of the dam are 
potentially signifi cant. Erosion could occur from 
land-clearing activities, road construction, and 
truck traffi c. Drainages could potentially be altered 
or blocked. Potential degradation of surface water 
and aquatic habitat could occur by sedimentation of 
eroded material. 

Wave action and normal fi lling and drawdown 
could cause erosion in the residual soil around 
the reservoir after the reservoir is raised. The 
sedimentation of eroded material could contribute 
to reservoir capacity loss. Increased erosion could 
lead to higher water turbidity, increasing the need 
for fi ltration by water receivers.
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Mitigation

As previously stated, extensive landslide activity 
has occurred at the lake perimeter. According to 
Reclamation, large-scale slope stabilization efforts 
are not cost-effective and do not guarantee the 
sliding will not continue during storm events 
(Reclamation, 2000). 

The project facilities will be subject to the 
requirements of a National Pollutant Discharge 
Elimination System (NPDES) storm water 
construction permit and other pertinent 
construction and project operation permits and 
pollution control regulations as stated above for 
the pipeline Project. A detailed construction 
Erosion and Sediment Control Plan (ESCP) would 
be developed for the Project to help minimize 
the potential for discharge of pollutants from the 
site during construction activities. The ESCP will 
include an erosion control plan and implementation 
of erosion control best management practices 
(BMPs) during project construction and operation. 

Site-specifi c BMPs will be identifi ed on the 
construction plans for the site slopes, construction 
activities, weather conditions, and vegetative 
buffers. The sequence and methods of construction 
activities will be controlled to limit erosion. 
Clearing, excavation, and grading will be limited 
to the minimum areas necessary for construction 
of the project. Surface protection measures, such 
as erosion control blankets or straw matting, also 
may be required prior to fi nal disturbance and 
restoration if potential for erosion is high.

All construction practices will emphasize erosion 
control over sediment control through such non-
quantitative activities as the following:

• Straw mulching and vegetating disturbed 
surfaces;

• Retaining original vegetation wherever possible;

• Directing surface runoff away from denuded 
areas;

• Keeping runoff velocities low through 
minimization of slope steepness and length; 

• Locating road cuts away from steep slopes; and

• Providing and maintaining stabilized 
construction entrances.

Willamette River Irrigation Exchange Pipeline

This section provides information on the potential 
impacts and mitigation measures for landslide, 
erosion/deposition, and seismic hazards along 
the proposed pipeline route and for the proposed 
pipeline and construction staging areas. 

The impacts and mitigation were assessed by 
reviewing pertinent literature, including Oregon 
Department of Geology and Mineral Industries 
(DOGAMI) reports, Reclamation reports, and 
NRSC/SCS soil maps for the area, and pipeline 
design information. 

Widespread impacts to geologic formations and 
soils would be considered signifi cant at the project 
location if the construction or operation of the 
project resulted in landslides or fl ooding, or 
permanently altered or inhibited natural drainage 
patterns. Minor, localized manifestations of these 
impacts would not be considered signifi cant. 
Impacts to the proposed project facilities would 
be considered signifi cant if landslides, fl ooding, 
or permanently altered drainage patterns caused 
substantial damage to project facilities or other 
property.

Landslide Hazards

Project-related impacts that could increase the 
potential for landslides are low. This analysis 
assumes that the pipeline follows road rights-of-way 
and that extensive slope cuts will not be required. 
It also assumes that the majority of the pipeline 
route is located on lowlands adjacent to steep 
slopes, and the pipeline route generally avoids 
unstable slopes and landslide-prone terrain. In the 
relatively fl at lowland areas, sliding of the soil and 
alluvial materials is not expected to be a design 
consideration for the pipeline. 
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Erosion Hazards

Potential impacts to geologic formations and soils 
during construction are low. The project would 
temporarily alter the landscape during installation 
of the pipeline and stockpiling of excavated 
material. Erosion could occur from land-clearing 
activities, pipe trench excavation, pipe installation, 
soil stockpiles, and truck traffi c along the right-
of-way. Potential degradation of surface water 
and aquatic habitat could occur by sedimentation 
of eroded material. The potential for impacts to 
the pipeline by erosion at stream crossings is 
considered to be low.

Seismic Hazards

Results of the combined relative hazard assessment 
indicates that earthquake-induced hazards for the 
pipeline alternatives through Newberg and Dundee 
are relatively low to moderate, whereas the hazards 
are relatively moderate to high south of Newberg to 
the Willamette River and along drainage channels. 

Mitigation

The pipeline facility would be subject to the 
requirements of NPDES storm water construction 
permit and other pertinent construction and 
project operation permits and pollution control 
regulations. These regulations would require 
the development of an erosion control plan and 
implementation of erosion control BMPs during 
project construction and operation. As a result, 
project facilities would be constructed with erosion 
protection measures.

The State of Oregon’s current regulations for design 
use the 1997 Uniform Building Code (UBC). The 
project is located in UBC Seismic Zone 3. Pertinent 
design codes as they relate to geology, seismicity, 
and near-surface soils are in Chapter 16, Divisions 
IV and V, Earthquake Design and Soil Profi le Types, 
respectively (UBC, 1997). All facilities for the 
project must be designed to at least these minimum 
standards.

Current engineering standards (i.e., UBC) will 
be used in the design of the project facilities. 
Application of the UBC in project design will 
provide adequate protection for the project 
facilities and ensure protection measures for human 
safety given the moderately high seismic risk.

Landslides could be triggered during an earthquake, 
and the area is considered to have low to moderate 
potential for such events. To mitigate for such 
events, Project facilities (including the pipeline 
located near the Willamette River and other 
drainage channels) would be designed to current 
seismic standards to withstand the predicted 
earthquakes for the region. 
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Figure 4-1
Geology of Project Area. Modified from USGS 

http://wrgis.wr.usgs.gov/wgmt/pacnw/resfzno.html
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4.2.2 HYDROLOGY

Methods
A Tualatin River water balance model (TRWB) 
was developed to establish a representation of 
water balance in the Tualatin River Basin and to 
provide a simulation of fl ows, reservoir releases, 
and diversions under various conditions. The model 
refl ects existing facilities, contracts, defi ciencies, 
non-project diversions, tributary infl ow, and 
releases for instream fl ow requirements. The model 
was used to evaluate the hydrology of the three 
source options studied in the WSFS, including the 
20-foot and 40-foot Scoggins Dam raises, the Sain 

Creek Tunnel, and the Irrigation Exchange Pipeline 
from the Willamette River. The model uses data 
from a 73-year period of record comprising of water 
years 1929 to 2001, from the major tributaries and 
river mainstem, shown in Figure 4-2.

The TRWB model simulations do not include the 
JWC Raw Water Pipeline or winter JWC direct 
diversion rights. Refi nement of the model in the 
future could include analysis of project alternatives 
to meet future water supply needs (including non-
structural options) and an evaluation of the impact 
of the JWC Raw Water Pipeline, and should include 
a more detailed evaluation of the potential supply 
from the Sain Creek Tunnel. 

Figure 4-2
Map of Tualatin River Basin

Source: “Tualatin River Flow Management Technical Committee, 2001 Annual Report”
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The hydrologic evaluation was performed using 
a mass balance spreadsheet application. The 
spreadsheet-based water balance model tracks 
river and reservoir operations (infl ows, releases, 
diversions, losses, etc.) in the Tualatin River 
Basin. The development of a complete database of 
streamfl ow throughout the basin was performed 
in the hydrologic analysis documented in “Tualatin 
River Hydrologic Analysis.” (MWH, 2003) 

Major Basin Infl ows and Diversions

Infl ows to the Tualatin River System include 
natural fl ow (gains from precipitation/runoff/
groundwater), releases from Barney Reservoir, 
releases from Hagg Lake, and CWS discharges from 
the Rock Creek and Durham Wastewater Treatment 
Plants. Hagg Lake, the only storage reservoir in 
the Tualatin River Basin, impounds a maximum 
of 62,217 AF and is operated under contract to 
Reclamation by TVID for fl ood control, irrigation 
and M&I water supply, recreation, fi sh and wildlife, 
and water quality. Water released from the reservoir 
into Scoggins Creek fl ows into the Tualatin River at 
R.M. 60, and is diverted at one of the large pumping 
plants on the river or conveyed downstream to 
improve water quality in the lower Tualatin River. 
Current total allocations in Hagg Lake are 53,640 
AF per year. The model tracks the infl ow into, the 
storage in, and the releases from Hagg Lake.

Major diversion facilities on the Tualatin River 
include the Cherry Grove, Patton Valley, and 
Spring Hill pumping plants, and the Lake Oswego 
Diversion Dam. Numerous unmeasured diversions 
(smaller unmeasured pump stations with natural 

fl ow water rights) that exist along the Tualatin River 
are represented by estimated average diversion 
patterns in the model. 

Demands

Three different levels of demands were used in 
the TRWB model simulations: existing demands, 
contract demands, and future demands. The 
existing demand simulation was performed to 
verify that the model represents current operations 
in the basin. The contract demand simulation 
with the current system will be used as the future 
without-project condition. Future (2050) demand 
simulations were performed to illustrate the 
inadequacy of the current project to meet future 
water demands and to perform a preliminary 
analysis of the proposed structural options to meet 
future water supply needs. M&I and agricultural 
allocations are delivered on a constant annual 
pattern, subject to defi ciencies. Water quality 
releases (CWS allocation) can be made either on a 
constant annual pattern, or based on the estimated 
fl ow in the Tualatin River below Farmington, as 
explained below.

Table 4-1 lists the annual and monthly values for 
assumed future level demands in the year 2050. The 
estimated future demand totals 93,640 AF, which 
is 40,000 AF above the current contracted volume. 
This includes 38,500 AF for M&I (25,000 AF above 
contract amount), 27,618 AF for CWS (15,000 AF 
above contract amount), 27,022 AF for TVID, and 
500 AF for Lake Oswego. 

Table 4-1
Future (2050) Level Demands

CWS TVID M & I Lake Oswego Totals
AF cfs AF cfs AF cfs AF cfs AF cfs

Oct 6221 101 1339 22 4514 73 18 0 12092 197
Nov 2898 49 55 1 899 15 0 0 3853 65
Dec 16 0 0 0 0 0 0 0 16 0
Jan 0 0 0 0 0 0 0 0 0 0
Feb 0 0 0 0 0 0 0 0 0 0
Mar 0 0 0 0 0 0 0 0 0 0
Apr 0 0 104 2 0 0 0 0 104 2
May 0 0 41 1 0 0 0 0 41 1
Jun 797 13 1895 32 3513 59 11 0 6216 104
Jul 2280 37 8904 145 9573 156 182 3 20940 341
Aug 7443 121 10179 166 10743 175 172 3 28537 464
Sep 7961 134 4505 76 9258 156 117 2 21841 367
Total 27,618 --- 27,022 --- 38,500 --- 500 --- 93,640 ---

Note: Monthly deliveries are based on average monthly delivery patterns from 1991-2000.
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Model Logic. The TRWB model simulates water operations in the Tualatin River Basin. The model accounts 
for losses to seepage, reports instream fl ow targets, estimates annual supply allocation from Hagg Lake, 
and dedicates storage space for fl ood control in Hagg Lake. A schematic of the TRWB model is shown in 
Figure 4-3. More detail on model logic can be found in the Technical Appendix.

Figure 4-3. Tualatin River Water Balance Model Schematic

Table 4-2. Input Cells in Input-Output Worksheet

Input Cells (Yellow) Comments/Explanation

Hagg Lake Capacity Reservoir total capacity in AF (including dead and inactive storage); any size can be simulated.

Demand Level 1 cell each for M&I, TVID, and CWS; Enter Existing, Contract, or Future.

Flood Control Entering “Yes” turns on fl ood control operations (reduced maximum storage from November through 
April).

Minimum Flow Bypassed at Sain Creek Tunnel This cell allows the user to specify the amount of fl ow (in cfs) to leave in the river at the Sain Creek 
Tunnel.

Capacity of Sain Creek Tunnel Maximum capacity of the Sain Creek Tunnel. Capacity of 100 cfs was used in model simulations.

Desired Percent of CWS Water through Raw Water 
Pipeline Not used in simulations.

Raw Water Pipeline Capacity Not used in model simulations.

Winter JWC Diversion Rights Not used in model simulations.

Flow-Based Release of CWS Supply Entering “Yes” releases CWS in months that need it most, rather than in a set monthly pattern.

2001 Demand Reduction Procedure Entering “Yes” turns on the application of defi ciencies in years when full demands can not be met.

Initial Reduction Percentage This is the First Criteria reduction to TVID and CWS demands; 15% was used in the model simulations.

Use of the Model. The TRWB model is designed to 
simulate system operations for alternative project 
facilities given a user-defi ned set of demands. 
Parameters such as reservoir storage capacity, 
demand level, defi ciencies, tunnel capacity, and 
fl ood control maximum storage can be adjusted to 
identify the effects on deliveries, reservoir levels, or 
streamfl ow. 

Using the model to evaluate an alternative set of 
demands and/or facilities is a relatively simple 
process. Within the Input-Output worksheet, the 
user may modify any of the cells highlighted in 
yellow, which control reservoir demands, reservoir 
and Sain Creek Tunnel capacity, and several other 
important operational parameters. The function 

of each of the input cells is described in Table 4-2. 
The model calculates reservoir levels, streamfl ow, 
and water deliveries. Summary output is provided 
in the blue highlighted cells in the Input-Output 
worksheet, as well as on the numerous output 
charts and tables. A summary of the main output 
cells in the Input-Output worksheet is presented in 
Table 4-3. Additional detailed results are available 
in the Calculations spreadsheet, which contains all 
of the model calculations. If needed, refi nements 
of the model logic and evaluation capabilities could 
be made in the Calculations worksheet by adding 
columns and editing formulas. Figure 4-4 is a screen 
capture of a portion of the Input-Output worksheet.
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Table 4-3
Output Cells in Input-Output Worksheet

Output Cells (Blue) Comments/Explanation

May 31 Median Storage Reports simulated Hagg Lake median storage on May 31.

Percent of Years fi lled to 90% Reports percent of years in simulation period when Hagg Lake is fi lled to at least 90 percent of capacity.

Demands Reports annual demand for M&I, TVID, and CWS; 1 cell for each contractor.

Percent Delivery Reports simulated percent delivery (average annual delivery/annual demand) for M&I, TVID, and CWS; 1 cell for each 
contractor.

Ave Annual Shortage Reports simulated average annual shortage for M&I, TVID, and CWS; 1 cell for each contractor.

Years of Shortage Reports simulated number of years of signifi cant shortage (delivery less than 85% of demand) for M&I, TVID, and CWS; 
1 cell for each contractor.

Max Shortage Reports simulated maximum annual shortage amount for M&I, TVID, and CWS; 1 cell for each contractor.

Total Percent Delivery Reports simulated percent delivery for total demands.

Total Demand Reports simulated total annual demand on Hagg Lake (M&I+LO+TVID+CWS).

Sain Creek Tunnel Deliveries Reports simulated average annual delivery through the Sain Creek Tunnel.

Raw Water Pipeline Deliveries Reports simulated average annual delivery through the Raw Water Pipeline.

Minimum Flow at Farmington Reports the simulated minimum monthly fl ow in the Tualatin River below Farmington.

% of Time Flow at Farmington is 
More than 10% Below Target Flow

Reports the percent of months in entire simulation period when the simulated fl ow at Farmington is more than 10 
percent below the target fl ow.

Figure 4-4
Input-Output Worksheet

The main results of the spreadsheet-based water balance model simulations are streamfl ows, reservoir 
levels, and water deliveries. The model also tracks a variety of other data such as natural infl ows, waste 
water treatment plant discharges, diversions, losses, and reservoir spill, which can be tabulated or plotted.

In evaluating the level and reliability of water supply deliveries, annual delivery exceedence charts are 
useful. Exceedence charts illustrate the percent of years exceeding a given level of delivery. Streamfl ow is 
simulated downstream of each model node. Streamfl ow can be analyzed in any model reach. Hagg Lake 
and Tualatin River operations are simulated on a monthly time step. The main reservoir operations results 
are reservoir levels (storage volumes), reservoir spill, and water deliveries. Water deliveries represented 
by the model include releases from Hagg Lake for CWS, TVID, M&I (including Lake Oswego), and their 
associated diversions. 
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Model Results: 
Scoggins Dam Raise Options

Existing Project 

The existing project was modeled to provide 
baseline information on existing facilities, 
defi ciencies, non-project diversions, tributary 
infl ow, and releases for instream fl ow requirements 
for existing, contract, and future levels of demand. 

The TRWB model was used to evaluate three 
demand scenarios with the existing project 
facilities. The simulation scenarios for the existing 
project are shown in Table 4-4.

Table 4-4
Simulation Scenarios for Existing Project

Demands Facilities

Scenario # Existing Contract Future Existing 
Project

E-EP X X

C-EP X X

F-EP X X

Scenario E-EP: 
Existing Project, Existing Demands

The existing demand level simulation results for 
water deliveries from Hagg Lake to M&I, TVID, and 
CWS are summarized in Table 4-5. 

Table 4-5
Water Delivery Summary for 

Existing Project and Existing Demands

M&I TVID CWS

Demand (ac-ft/yr) 10,000 19,070 12,618

Average Annual Allocation 99.7% 99.1% 99.1%

Average Annual Deliveries (ac-ft) 9,965 18,899 12,503

Minimum Allocation 78.0% 56.6% 67.4%

Minimum Annual Deliveries (ac-ft) 7,799 10,798 8508

Years of Signifi cant Shortage1 1 2 3

1 Signifi cant shortage is defi ned as a delivery less than 85% of demand.

These results are consistent with historical records, 
as evidenced by the shortages in 2001.

Scenario C-EP: 
Existing Project, Contract Demands

The contract demand level simulation results for 
water deliveries from Hagg Lake to M&I, TVID, and 
CWS are summarized in Table 4-6. 

Table 4-6
Water Delivery Summary for Existing 

Project and Contract Demands

M&I TVID CWS

Demand (ac-ft/yr) 14,000 27,022 12,618
Average Annual Allocation 98.3% 94.6% 92.6%
Average Annual Deliveries (ac-ft) 13,764 25,571 11,684
Minimum Allocation 49.2% 25.0% 38.8%
Minimum Annual Deliveries (ac-ft) 6,891 6,796 4,899

Years of Signifi cant Shortage1 3 13 15

1 Signifi cant shortage is defi ned as a delivery less than 85% of demand.

Scenario F-EP: 
Existing Project, Future Demands

Future demands were simulated with the existing 
project in order to illustrate the need for future 
water supply options. It is clear, even without using 
a model, that the existing system is inadequate to 
meet future demands (2050), however the model 
simulations show how the system would perform 
under those demands.

The contract demand level simulation results for 
water deliveries from Hagg Lake to M&I, TVID, and 
CWS are summarized in Table 4-7. 

Table 4-7
Water Delivery Summary for Existing 

Project and Future Demands

M&I TVID CWS

Demand (ac-ft/yr) 39,000 27,022 27,618
Average Annual Allocation 66.4% 45.8% 45.4%
Average Annual Deliveries (ac-ft) 25,884 12,372 12,552
Minimum Allocation 32.5% 8.5% 18.5%
Minimum Annual Deliveries (ac-ft) 12,668 2,286 5,130

Years of Signifi cant Shortage1 73 73 73

1 Signifi cant shortage is defi ned as a delivery less than 85% of demand.

Table 4-8 is a summary of the reliability of annual 
water deliveries at the three levels of demand for 
the existing project. The reliability values in Table 
4-8 are taken from exceedence plots of annual 
delivery. Reliability is equivalent with the percent 
of years exceeding a given level of delivery. Figure 
4-5 is an exceedence plot for the total deliveries 
from Hagg Lake at existing, contract, and future 
levels of demand. 

In scenarios where the reliability of full deliveries 
(no defi ciencies) is not high, reliability is also 
reported for deliveries with a 10 percent defi ciency 
(or an additional 10 percent defi ciency if all years 
have at least some minimum level of defi ciency), 
in order to illustrate the increased reliability of 
deliveries with incremental defi ciencies.
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Table 4-8
Summary of Annual Water Delivery Reliability for Existing Project

Scenario Water Type Annual Demand
(ac-ft) Level of Delivery Reliability Comments

E-EP

Total 41,688 Full 95% Full deliveries have 
a high degree of reliability.M&I 10,000 Full 96%

TVID 19,070 Full 95%

CWS 12,618 Full 95%

C-EP

Total 53,640
Full 58% Defi ciencies would 

be applied in about 40% 
of years. Relatively high 
reliability for deliveries with 
10% defi ciency.

10% defi ciency 81%

M&I 14,000
Full 88%

10% defi ciency 95%

TVID 27,022
Full 66%

10% defi ciency 81%

CWS 12,618
Full 61%

10% defi ciency 72%

F-EP

Total 93,640
43% defi ciency 42% Signifi cant defi ciencies 

(minimum of 43%  on total 
deliveries) would be applied 
in all years.

53% defi ciency 95%

M&I 39,000
32% defi ciency 62%
42% defi ciency 95%

TVID 27,022
52% defi ciency 46%
62% defi ciency 93%

CWS 27,618
52% defi ciency 61%

62% defi ciency 91%

Figure 4-5
Hagg Lake Annual Delivery- Totals, Current Project 
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Deliveries to all three contract types have a high 
degree of reliability under existing demand levels. 
As project demands increase toward full contract 
amounts, the reliability of deliveries would change 
for all contractors. In general, M&I deliveries would 
be increased by 4,000 AF per year over existing 
levels, and defi ciencies would likely occur in 10 
percent of years. Deliveries to TVID would increase 
almost 8,000 AF per year and would be subject to 
defi ciencies in about 30 percent of years. Delivery 
reliability to CWS would decrease because existing 
demands are at contract levels and would be subject 
to greater defi ciencies to provide water for other 
contractors.

If the contract amounts were increased to future 
demands and current defi ciency criteria were 
applied, delivery reliability would be further 
affected. The existing project is not capable of 
meeting total future level demands of 93,640 AF. All 
years have at least a 43 percent defi ciency. Under 
future demands, the allocation of water among 
users could change. The model results show a 
reduction in deliveries to TVID from contract level 
demands to future level demands. This is due to the 
prioritization of M&I deliveries. Since the existing 
project is insuffi cient to meet future demands, the 
increase in M&I deliveries caused a decrease in 
deliveries to TVID in the model. Detailed study in 
the next phase of the WSFS will require a modeling 
constraint to preserve existing delivery reliability. 
Additional future demands should receive 
defi ciencies before current contracts are affected.

The TRWB model was used for preliminary 
estimates of water delivery and reliability 
for structural water supply options under 
consideration, including 20-foot and 40-foot raises 
of Scoggins Dam, and the Sain Creek Tunnel. 
The model was used to evaluate a total of twelve 
combinations of demand and project facility 
scenarios for options to meet future water supply 
needs. The simulation scenarios for preliminary 
analysis of structural options are shown in 
Table 4-9.

Table 4-9
Model Scenarios for Structural Options

Demands New Facilities

Scenario # Contract Future 20’ Dam 
Raise

40’ Dam 
Raise

Sain Creek 
Tunnel

C-SCT X X

C-20 X X

C-20-SCT X X X

C-40 X X

C-40-SCT X X X

F-SCT X X

F-20 X X

F-20-SCT X X X

F-40 X X

F-40-SCT X X X

SCT=Sain Creek Tunnel C=Contract F=Future

The Sain Creek Tunnel would divert water from 
the Tualatin River near Lee Falls to Sain Creek 
above Hagg Lake to increase infl ow to Hagg Lake. 
This analysis assumed the tunnel would only be 
in operation for winter diversion of surplus fl ows 
during January through April. Each month the 
tunnel would transfer up to a maximum amount. 
The maximum monthly tunnel diversion volumes 
are given in Table 4-10. The tunnel may also be 
used as an operational tool by the JWC to transfer 
summer releases from Barney Reservoir into Hagg 
Lake; however, these operational scenarios have not 
been modeled. 

Table 4-10
Assumed Maximum Monthly 
Sain Creek Tunnel Diversion

Month
Sain Creek Tunnel 

Diversion Rate 
(cfs)

Sain Creek Tunnel
Max Diversion Amount 1

(ac-ft)

January 100 6,149
February 100 5,554
March 80 4,919
April 40 2,380

Total ---- 19,002

 1 Actual diversions conditional on available space in Hagg Lake.

As summarized earlier, the results from the existing 
project and future demand simulations show that 
the increase in M&I deliveries would cause a 
decrease in deliveries to TVID and no appreciable 
increase in deliveries to CWS, since the existing 
project is insuffi cient to meet future demands, and 
since M&I demands have priority. Simulated TVID 
deliveries were affected most signifi cantly because 
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their demands do not increase from contract to 
future demand levels, whereas CWS and M&I 
demands increase signifi cantly. Detailed study in 
the next phase of the WSFS will require a modeling 
constraint to preserve existing delivery reliability. 
Additional future demands should receive 
defi ciencies before current contracts are affected. 
Because new contracts were not simulated for new 
demands in this phase of work, TVID and CWS 
deliveries are combined on the annual delivery 
plots in this chapter. This approach is appropriate 
because defi ciencies to CWS and TVID are based on 
the same schedule.

Sain Creek Tunnel, No Scoggins Dam Raise

Simulations were performed to evaluate the effect 
of the Sain Creek Tunnel on deliveries from Hagg 

Lake. Table 4-11 is a summary of the annual average 
Sain Creek Tunnel diversion and delivery from 
Hagg Lake. As indicated, increasing the infl ow to 
Hagg Lake without increasing storage capacity 
would have little effect under either contract level 
or future level demands. Average annual tunnel 
deliveries would increase by 2 to 3 percent. Table 
4-12 is a summary of the reliability of annual water 
deliveries at contract and future levels of demand 
for the existing project with the Sain Creek Tunnel. 
In the future demand scenario, all years would have 
at least a 43 percent defi ciency. Figure 4-6 is an 
exceedence plot for the total deliveries from Hagg 
Lake at contract and future levels of demand and 
illustrates the effect of the Sain Creek Tunnel on 
total deliveries from the existing reservoir. 

Table 4-11
Average Tunnel Diversion and Project Delivery for Existing Project & Tunnel

Scenario
Average Annual 

Sain Creek Tunnel 
Diversion (ac-ft)

Annual Demand
(ac-ft)

Average Annual 
Delivery (ac-ft)

Average Annual 
Delivery Increase 

from Existing Project 
(ac-ft)

Comments

C-SCT 13,553 53,640 52,439 1,420
Tunnel would not 
provide signifi cant 
increase in delivery.

F-SCT 13,452 93,640 51,920 1,112
Tunnel would not 
provide signifi cant 
increase in delivery.

Table 4-12
Annual Water Delivery Reliability for Existing Project & Tunnel

Scenario Water Type Annual Demand
(ac-ft) Level of Delivery Reliability Comments

C-SCT Total 53,640
Full 72% Defi ciencies would 

be applied in about 
30% of years.10% defi ciency 95%

F-SCT Total 93,640

43% defi ciency 53%
Signifi cant 
defi ciencies 
(minimum of 43% 
on total deliveries)    
would be applied in 
all years.

53% defi ciency 96%
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Figure 4-6
Hagg Lake Annual Delivery- Total, Current Project & Tunnel

The results show that the tunnel on the existing 
project would not be effective, as it would 
provide no appreciable increase in stored water or 
deliveries.

20-Foot Scoggins Dam Raise

Model simulations were performed for a 20-foot 
dam raise with and without the Sain Creek Tunnel, 
for both contract and future level demands. A 20-
foot raise of Scoggins Dam would increase the 
reservoir storage by 24,301 AF, from 62,217 AF to 
86,518 AF. Table 4-13 is a summary of the annual 
average Sain Creek Tunnel diversion and delivery 
from Hagg Lake.

Table 4-14 is a summary of the reliability of annual 
water deliveries from Hagg Lake at contract and 
future levels of demand for the 20-foot dam raise 
with and without the Sain Creek Tunnel. For 
future M&I demands, all years would have at 
least a 6 percent defi ciency with and without the 
tunnel. For future TVID and CWS demands, all 
years would have at least a 26 percent defi ciency 
with and without the tunnel. Figure 4-7 shows the 
annual delivery exceedence for contract and future 
demands with and without the Sain Creek Tunnel 
for a 20-foot dam raise. 
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Table 4-13
Average Tunnel Diversion and Project Delivery for 20-ft Raise & Tunnel

Scenario Project Facilities Average Annual 
Sain Creek Tunnel 
Diversion (ac-ft)

Annual Demand
(ac-ft)

Average Annual 
Delivery (ac-ft)

Average Annual 
Delivery Increase 

from Existing Project 
(ac-ft)

Comments

C-20 20-ft Raise without 
Tunnel --- 53,640 53,203 2,185

Dam raise and 
tunnel would not 
provide signifi cant 
increase in delivery 
(since delivery was 
high with existing 
project)

C-20-SCT 20-ft Raise with 
Tunnel 13,696 53,640 53,528 2,510

F-20 20-ft Raise without 
Tunnel --- 93,640 69,401 18,594

Dam raise would 
provide signifi cant 
increase in delivery. 

F-20-SCT 20-ft Raise with 
Tunnel 16,180 93,640 73,602 22,795

Adding tunnel would 
enlarge signifi cance 
of delivery increase 

Table 4-14
Annual Water Delivery Reliability for 20-ft Raise & Tunnel

Scenario Project Facilities Water Type Annual Demand
(ac-ft) Level of Delivery Reliability Comments

C-20 20-ft Raise 
without Tunnel

Total 53,640 Full 92%
Full deliveries would have high 
degree of reliability.

M&I 14,000 Full 96%

TVID & CWS 39,640 Full 92%

C-20-SCT 20-ft Raise 
with Tunnel

Total 53,640 Full 96%
Full deliveries would have high 
degree of reliability.

M&I 14,000 Full 100%
TVID & CWS 39,640 Full 96%

F-20 20-ft Raise 
without Tunnel

Total 93,640
17% defi ciency 27%

Relatively low defi ciencies 
(minimum of 17% on total 
deliveries) would be applied in 
all years. 

27% defi ciency 69%

M&I 39,000
6% defi ciency 38%

16% defi ciency 72%

TVID & CWS 54,640
26% defi ciency 34%

36% defi ciency 67%

F-20-SCT 20-ft Raise 
with Tunnel

Total 93,640
17% defi ciency 45%

Relatively low defi ciencies 
(minimum of 17% on total 
deliveries) would be applied in 
all years. 

27% defi ciency 86%

M&I 39,000
6% defi ciency 65%

16% defi ciency 89%

TVID & CWS 54,640
26% defi ciency 53%

36% defi ciency 85%
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Figure 4-7
Hagg Lake Annual Delivery- Total, 20-ft Dam Raise & Tunnel

Deliveries to all contract types have a high degree 
of reliability under contract demands with a 20-foot 
dam raise. The Sain Creek Tunnel would provide 
only a small increase in delivery reliability above 
the 20-foot dam raise without the tunnel.

The future demand simulations show that delivery 
reliability would be reduced considerably. With 
future demands, total deliveries would be subject 
to a minimum of 17 percent defi ciency in each year. 
In general, M&I deliveries would be increased by 
almost 23,000 AF per year in 40 percent of years 
without the tunnel and in 70 percent of years with 
the tunnel. TVID and CWS deliveries would be 
increased only slightly in about 50 percent of years 
without the tunnel and in about 60 percent of years 
with the tunnel. In the remaining years CWS and 
M&I deliveries would be less than contract demand 
level deliveries. This results from the prioritization 
of M&I deliveries, and is another illustration of the 
need for modeling constraints in future studies to 
preserve existing delivery reliability.

40-Foot Scoggins Dam Raise

Model simulations were performed for a 40-foot 
dam raise with and without the Sain Creek Tunnel, 
for both contract and future level demands. A 40-
foot dam raise would increase the storage in Hagg 
Lake by 52,549 AF, from 62,217 AF to 114,766 AF. 

Table 4-15 is a summary of the annual average Sain 
Creek Tunnel diversion and delivery from Hagg 
Lake. With a 40-foot dam raise and without the 
tunnel, full contract demand deliveries would be 
made with 100 percent reliability, so the tunnel 
is not necessary with contract demands, and 
simulation results are not presented for a 40-foot 
dam raise with the tunnel. Table 4-16 is a summary 
of the reliability of annual water deliveries at 
contract and future levels of demand for the 40-foot 
dam raise with and without the Sain Creek Tunnel. 
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Table 4-15. Average Tunnel Diversion and Project Delivery for 40-ft Raise & Tunnel

Scenario Project Facilities
Average Annual Sain 

Creek Tunnel Diversion 
(ac-ft)

Annual 
Demand

(ac-ft)

Average Annual 
Delivery 

(ac-ft)

Average Annual Delivery 
Increase from Existing 

Project (ac-ft)
Comments

C-40 40-ft Raise (without 
Tunnel) --- 53,640 53,640 2,622

Dam raise would not provide 
signifi cant increase in delivery 
(since delivery was high with 
existing project)

F-40 40-ft Raise (without 
Tunnel) --- 93,640 80,772 29,965 Dam raise would provide 

signifi cant increase in delivery.

F-40-SCT 40-ft Raise 
with Tunnel 17,123 93,640 87,880 37,073 Adding tunnel would enlarge 

delivery increase signifi cance. 

Table 4-16. Annual Water Delivery Reliability for 20-ft Raise & Tunnel

Scenario Project Facilities Water Type Annual Demand
(ac-ft) Level of Delivery Reliability Comments

C-40 40-ft Raise 
(without Tunnel)

Total 53,640 Full 100%
Full deliveries would be 
made in all years.

M&I 14,000 Full 100%

TVID & CWS 39,640 Full 100%

F-40 40-ft Raise 
(without Tunnel)

Total 93,640
Full 35%

Defi ciencies would be 
applied in about 65% 
of years. Relatively low 
reliability for deliveries with 
10% defi ciency.

10% defi ciency 58%

M&I 39,000
Full 49%

10% defi ciency 74%

TVID & CWS 54,640
Full 35%

10% defi ciency 53%

F-40-SCT 40-ft Raise 
with Tunnel

Total 93,640
Full 58%

Defi ciencies would be 
applied in about 40% of 
years. Moderate reliability 
for deliveries with 10% 
defi ciency.

10% defi ciency 77%

M&I 39,000
Full 72%

10% defi ciency 88%

TVID & CWS 54,640
Full 58%

10% defi ciency 74%

Figure 4-8 shows the annual delivery exceedence for contract and future demands with and without the 
Sain Creek Tunnel for a 40-foot dam raise. 

Figure 4-8. Hagg Lake Annual Delivery- Total, 40-ft Dam Raise & Tunnel
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Deliveries to all contract types would have 100 
percent reliability under contract demands with a 
40-foot dam raise. The future demand simulations 
show a reduced delivery reliability in comparison 
to contract demands. However, defi ciencies would 
not be applied in all years. Without the tunnel, 
defi ciencies would be applied in about 60 percent 
of years and with the tunnel defi ciencies would be 
applied in about 40 percent of years. M&I deliveries 
would be increased by 25,000 AF per year in 50 
percent of years without the tunnel and in 70 
percent of years with the tunnel. TVID and CWS 
deliveries would be increased by 15,000 AF per 
year in 35 percent of years without the tunnel and 
in 60 percent of years with the tunnel. TVID and 
CWS future deliveries would be less than contract 
demand level deliveries in 30 percent of years 
without the tunnel and in 15 percent of years with 
the tunnel.

Model Results: Willamette River Irrigation 
Exchange Pipeline
Model simulations were performed to evaluate 
the effect of the Irrigation Exchange Pipeline on 
deliveries from Hagg Lake for both contract and 
future level demands. The pipeline would deliver 
a reliable supply of 25,000 AF annually from the 
Willamette River to TVID, thus reducing TVID 
demands for Hagg Lake water by 25,000 AF.

Table 4-17 is a summary of the annual delivery 
from Hagg Lake and the pipeline in the Irrigation 
Exchange Pipeline simulations. Table 4-18 is 
a summary of the reliability of annual water 
deliveries from Hagg Lake and the pipeline at 
contract and future levels of demand for the 
Irrigation Exchange Pipeline simulations.

Table 4-17
Average Project Delivery for Irrigation Exchange Pipeline Simulations

Scenario Project 
Facilities

Annual Demand, Hagg 
Lake + Pipeline 

(ac-ft)

Average Annual Delivery 
from Hagg Lake + 

Pipeline
(ac-ft)

Average Annual   Delivery 
Increase from 

Existing Project (ac-ft)
Comments

C-IEP
Irrigation 
Exchange 
Pipeline

53,640 53,640 2,622
Pipeline would not provide signifi cant 
increase in delivery (since delivery 
was high with existing project)

F-IEP
Irrigation 
Exchange 
Pipeline

93,640 75,497 24,690 Pipeline would provide signifi cant 
increase in delivery.

Table 4-18. Annual Water Delivery Reliability 
(Hagg Lake + Pipeline) for Irrigation Exchange Pipeline Simulations

Scenario Project Facilities Water Type Annual Demand
(ac-ft) Level of Delivery Reliability Comments

C-IEP Irrigation 
Exchange Pipeline

Total 53,640 Full 100%
Full deliveries would have 
very high degree 
of reliability.

M&I 14,000 Full 100%

TVID 27,022 Full 100%

CWS 12,618 Full 100%

F-IEP Irrigation 
Exchange Pipeline

Total 93,640
17% defi ciency 58%

Relatively low to moderate 
defi ciencies would be 
applied to Hagg Lake 
deliveries in all years.  
Pipeline deliveries to TVID 
would have very high 
reliability. 

27% defi ciency 92%

M&I 39,000
14% defi ciency 53%

24% defi ciency 92%

TVID 25,000 
(from pipeline) Full 100%

TVID 2,022 
(from Hagg Lake)

34% defi ciency 50%

44% defi ciency 90%

CWS 27,618
34% defi ciency 50%

44% defi ciency 78%
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Figure 4-9 shows the Hagg Lake annual delivery exceedence for contract and future demands in the 
Irrigation Exchange Pipeline simulations. 

Figure 4-9. Hagg Lake + Pipeline Annual Delivery- Total, Irrigation Exchange Pipeline 

Deliveries to all contract types would have 100-
percent reliability under contract demands with the 
Irrigation Exchange Pipeline. The future demand 
simulations show a reduced delivery reliability from 
Hagg Lake in comparison to contract demands. 
With future demands, total deliveries (from Hagg 
Lake and the pipeline) would be subject to a 
minimum of 17 percent defi ciency in each year. 
In general, M&I deliveries would be increased by 
more than 19,000 AF per year in about 75 percent 
of years. CWS deliveries would be increased by 
5,600 AF per year in about 50 percent of years, and 
would be less than contract demand level deliveries 
in 8 percent of years. TVID demands are not 
projected to change from contract to future levels. 
TVID deliveries of 25,000 AF from the pipeline 
would have 100-percent reliability. The remaining 
TVID demand of about 2,000 AF from Hagg Lake 
would be subject to the same defi ciencies as CWS 
deliveries. The 25,000 AF reduction in demand from 
Hagg Lake provided by the pipeline delivery would 
allow for reallocation of the water that is currently 
delivered to TVID. The Irrigation Exchange Pipeline 
would provide higher reliability for TVID than M&I 
and CWS.

4.2.3 WATER QUALITY

Methods
The effects of additional instream fl ow releases 
from Hagg Lake on water quality in the Tualatin 
River were qualitatively evaluated, based on 
the hydrologic simulations described above and 
available literature. 

Environmental Consequences

Scoggins Dam Raise Options and Willamette 
River Irrigation Exchange Pipeline

Extensive modeling, conducted by the USGS and 
CWS to understand the relationship between river 
fl ow and water quality parameters, shows that 
a direct relationship exists between river fl ow 
and water quality. Low fl ows in the river result in 
longer travel times and therefore warmer water 
due to solar gain, low dissolved oxygen, pH (acid/
base balance) changes, and increases in algae 
concentrations. These conditions are detrimental 
to the fi sh and aquatic species that have been 
targeted for protection in the Tualatin River. An 
understanding of this relationship between fl ow 
and water quality has formed the basis of the CWS 
fl ow augmentation program.
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CWS has established fl ow targets in the Tualatin River to maintain water quality during the summer and 
fall months. A primary fl ow target has been established at Farmington Road, at approximately River Mile 
33 (about 32 miles downstream from Scoggins Dam). Flow targets are 120 cfs for May and June, 150 cfs for 
July and August, 175 cfs for September, and 200 cfs for October. A default fl ow target of 150 cfs was used 
in the model for all other months (November through April). 

Figure 4-10 shows the number of months out of 73 years when water quality fl ow targets at Farmington 
would not be met for the various source options, as well as for the future without-project condition. 
Generally, the number of months in which water quality fl ow targets would not be met would decrease as 
the new water supply developed by an option increases. 

Figure 4-10
Comparison of Water Quality Effects of Future Options

Scenario C-EP, the existing project under contract 
demands, represents the future without-project 
condition and is used as the basis for comparing 
the water quality improvements associated with the 
various source options. The future without-project 
condition would result in 126 months where 
the fl ow target at Farmington is not met. These 
shortages would occur in 46 different years of the 
73-year simulation period. Most instances would 
occur July through October, with a few instances 
in November. As shown in Figure 4-10, the source 
options would all have positive impacts to water 
quality, and most would signifi cantly reduce the 
number of months where the fl ow targets could not 
be met.

Providing increased supply only by adding the 
Sain Creek Tunnel to the existing project without 
storage has relatively small effect on water quality. 
The number of months with target fl ow shortages 
would be decreased by almost 30 percent, but the 
increase in overall water quality would be small, 
because the months where target fl ow shortages 
would be eliminated had relatively small increments 
of water that needed to be provided to meet the 
targets. This option would provide the least water 
quality benefi t compared to the other source 
options. The remaining source options would have 
a similar level of water quality benefi t, providing 
from 69 to 85 percent improvement compared to 
the future without-project condition. 
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Water quality improvements would be expected to 
increase as the reliability of new supply increases. 
A 20-foot dam raise with or without the tunnel 
(F-20, F-20-SCT), a 40-foot dam raise (F-40), and 
the Irrigation Exchange Pipeline (F-IEP) would 
improve the ability to meet water quality fl ow 
targets by very similar increments, from 69 to 85 
percent. With increased storage, a larger increment 
of water quality improvement could be provided; 
fl ow targets would be met in many of the months 
with larger target fl ow shortages in the future 
without-project condition. Under the 40-foot raise 
scenario with the tunnel (F-40-SCT), water quality 
fl ow targets would be met in nearly all months. The 
number of months not meeting targets would drop 
by 85 percent, to 19 months. The 19 months that 
would not be met occur in 10 different years, most 
of which were very dry. Thus, the volume of water 
needed to meet the fl ow targets in those years 
would be high.

Generally, options that increase supply but do not 
increase storage capacity, such as the Sain Creek 
Tunnel, would provide small effect on water quality 
improvements, especially in dry periods. Options 
with additional storage (or reallocated storage), 
including the dam raise options and the Irrigation 
Exchange Pipeline would provide a greater ability 
to meet fl ow targets in dry periods. Storage options 
combined with additional supply, such as the dam 
raise in combination with the Sain Creek Tunnel, 
would provide the greatest opportunity for water 
quality improvements. Refi nements could be made 
to the existing CWS release logic in the TRWB 
model if needed in future study to further evaluate 
effects on water quality.

4.2.4 Wildlife, Habitat and TES Species
As part of the WSFS, a review of the effects of the 
selected source options on biological resources was 
performed, including vegetation, wetlands, wildlife 
and wildlife habitat, and special status species.

The principal goals of this assessment were to: 

• Qualitatively describe the vegetation in the 
study area;

• Determine the occurrence, location, 
approximate size and type of wetlands in the 
study areas and their functional status;

• Describe the occurrence, or potential for 
occurrence, of any listed or sensitive plants and 
animals in the study area; and

• Qualitatively describe habitats and their 
temporal and spatial suitability to wildlife in 
the area.

More detail on the biological fi eld survey methods 
and results is given in the Technical Appendix.

Methods 

Vegetation Classification and Mapping

Vegetation in the Hagg Lake project area, in a 200-
foot-wide perimeter, and 40-foot relocated roadway 
was initially classifi ed using aerial photography 
interpretation. Field surveys were conducted 
in June and July 2002 at Hagg Lake to verify 
aerial photograph interpretations of vegetation 
classifi cations. Measured attributes included 
percent cover, non-native species cover, and height 
for up to fi ve vegetative layers. All plant species 
observed in the area were recorded and listed in 
tabular form. 

Vegetation classifi cations are shown in Table 4-18a.

Table 4-18a
Vegitation Classification and Description 

Vegetation 
Classifi cation Description

coniferous forest Douglas-fi r (Pseudotsuga menziesii) or grand fi r 
(Abies grandis)/bigleaf maple (Acer macrophyllum)

deciduous forest Oregon white oak (Quercus garryana) or red alder 
(Alnus rubra)/bigleaf maple

non-native shrub dominated by Himalayan blackberry (Rubus 
discolor), Scot’s broom (Cytisus scoparius), etc.

non-native grass e.g., reed canarygrass (Phalaris arundinacea), 
common velvet grass (Holcus lanatus), etc.

For each vegetation classifi cation, upland and 
wetland areas were identifi ed. Classifi cations of 
developed, bare ground, and open water were 
also used. The number of acres in each vegetation 
classifi cation for the three alternatives and the 
buffer were computed.

A preliminary drive-by survey of the Willamette 
River Irrigation Exchange Pipeline route was 
conducted in November 2002. The vegetation at 
all stream crossings and the number of forested 
patches along the route was recorded.
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Wetlands

Existing information was reviewed to identify 
potential wetland areas within the 20- and 40-
foot dam raise alternative areas at Hagg Lake. In 
addition, aerial orthographic photographs of the 
project area were reviewed prior to conducting the 
fi eld studies. Potential wetlands and jurisdictional 
waters were identifi ed and mapped by hand onto 
the aerial photographs prior to conducting the fi eld 
survey. 

Wetland specialists conducted wetland 
determinations from June 6 through August 9, 2002. 
Approximate wetland boundaries were determined 
using methods derived from the U.S. Army Corps 
of Engineers (Corps) 1987 Manual (Environmental 
Laboratory 1987). Field indicators and the pre-fi eld 
information were used to evaluate the presence 
of three wetland characteristics: hydrophytic 
vegetation, hydric soils, and wetland hydrology. 
Potential jurisdictional waters of the state of 
Oregon and the U.S. were also identifi ed during 
the study. Using the pre-fi eld aerial photographic 
maps, biologists verifi ed or revised approximate 
wetland boundaries by hand onto the aerial photos 
during the fi eld study. These aerial photos were 
then digitized using ArcGIS software. Mapped areas 
are considered approximate. A wetland delineation 
would be required to determine a more precise 
wetland and waters acreage. 

Wetlands were classifi ed using both the Cowardin 
Classifi cation (Cowardin et al. 1979) method and 
the Oregon HGM classifi cation method (Adamus 
2001). 

Wetland functions were assessed using the 
Judgmental Method of the Hydrogeomorphic 
(HGM)-based Assessment Method developed by 
the Oregon Division of State Lands (DSL) (Adamus 
and Field 2001). For the purposes of this report, 
wetland functions were categorized as low, 
moderate and high based on the assessed functional 
score. A low score is indicated by a numerical score 
of 0 through 0.3, a moderate score is indicated by a 
rating of 0.4 through 0.7, and high score is indicated 
by a rating of 0.8 through 1.0.

For the assessment of the Willamette River 
Irrigation Exchange Pipeline, the potential pipeline 
alignment was mapped into ArcGIS software. 
Digital Oregon NWI Quadrangle maps, which 
included the Gaston, Laurelwood, Scholls, Carlton, 
Dundee, and Newberg maps, were imported 
into ArcGIS software and then onto the pipeline 
alignment map. Wetland and stream crossing 
locations were then identifi ed on the map. A fi eld 
reconnaissance was conducted in November 2002, 
which consisted of a one-day vehicle survey of 
the identifi ed crossing sites. Crossings identifi ed 
during the pre-fi eld investigation were observed 
and verifi ed. Information gathered during the 
reconnaissance was incorporated into a fi nal map. 

Wildlife, Habitat, and Threatened/
Endangered/Sensitive (TES) Species

Prior to conducting fi eld surveys, the Oregon 
Natural Heritage Project (ONHP) and the U.S. 
Fish and Wildlife (USFWS) were contacted to 
request information on TES species in the project 
area. During fi eld surveys, staff used the agency 
information to evaluate the area for the presence of 
listed species or their habitats. 

All locations within the Hagg Lake project area 
and perimeter were assigned qualitative habitat 
classifi cations based on vegetation plot data and 
general information gathered during fi eld surveys. 
Habitat in the project area was classifi ed into one 
of three categories of quality (high, medium, or 
low) by evaluating a number of qualitative factors, 
summarized in Table 4-19. Criteria included amount 
of native/non-native vegetation, presence of woody 
debris, disturbance level, and patch size. 
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Table 4-19
Criteria Used to Determine Qualitative Habitat Classification.

High quality Medium quality Low quality

Predominately native vegetation (<5% non-native) Mix of native and non-native vegetation Predominately non-native vegetation

No historical evidence of disturbance
(low disturbance)

Some evidence of disturbance
(medium disturbance)

Disturbance from logging, farming, 
recreation, etc.; close to busy road/trail
 (high disturbance)

Known habitat for listed or other special status 
species

May provide habitat for listed or other special 
status species

Less likely than medium quality to provide 
habitat for listed or other special status 
species

Presence of dead and downed wood, snags, 
cavities, nests, etc.

Limited cover (<5%) dead and downed wood, 
snags, cavities, nests, etc.

No dead and downed wood, snags, cavities, 
nests, etc.

High vegetative complexity (4 or more layers) Medium vegetative complexity (2 – 3 layers) Low vegetative complexity (1 – 2 layers)

Large trees Medium/small trees No trees

Habitat is rare in surrounding area. Habitat is somewhat common in surrounding area. Habitat is abundant in surrounding area.

Habitat would be very diffi cult to mitigate within a 
reasonable amount of time.

Habitat has reasonable potential for mitigation 
within a reasonable amount of time

Habitat could be easily mitigated for within a 
reasonable amount of time.

Affected Environment 

Vegetation

Scoggins Dam Raise Options

The vegetation classifi cations used for mapping included four cover types (coniferous forest, deciduous 
forest, scrub-shrub, and herbaceous), and three other cover categories (bare ground, developed, and 
open water), which are mapped in Figure 4-11. Impact analysis quantifi ed the acres of the various cover 
types impacted by the alternatives, including the 40-foot-wide area intersected by the relocated roadway. 
Vegetation impacts were also quantifi ed for the 200-foot wide perimeter.

The most common vegetative cover class that would be impacted under the 20-foot dam raise alternative 
is coniferous forest, comprising 44% of the area. Under this alternative, coniferous forest and herbaceous 
cover made up almost 84% of the area that would be impacted. Cover classes were similarly apportioned 
under the 40-foot raise alternative, with coniferous forest cover comprising 47% of land area and 
herbaceous cover 35% of land area. The predominant vegetative cover class in the 200 foot-wide perimeter 
was coniferous forest (61% of land area). Vegetation impacts are summarized in Table 4-20.

Table 4-20. Vegetation Classification Impacts (excluding open water) by 
Alternative (in acres, percentage of total acreage for given Alternative is in parentheses).

Vegetation Class 20-foot Dam Raise Alternative 40-foot Dam Raise Alternative 200-foot Perimeter Total Area

Coniferous Forest 214.6 (43.7%) 327.3 (47.3%) 255.3 (61.3%) 582.6 (52.6%)

Deciduous Forest 12.5 (2.5%) 20.4 (2.9%) 11.3 (2.7%) 31.7 (2.9%)

Scrub-Shrub 31.0 (6.3%) 42.7 (6.2%) 29.1 (7.0%) 71.8 (6.5%)

Herbaceous 192.5 (39.2%) 242.8(35.1%) 79.0 (19.0%) 321.8 (29.0%)

Developed 33.9 (6.9%) 51.3 (7.4%) 40.1 (9.6%) 91.4 (8.2%)

Bare Ground 6.4 (1.3%) 7.4 (1.1%) 1.7 (0.4%) 9.1 (0.8%)

Total 490.9 (100.0%) 691.9(100.0%) 416.4 (100.0%) 1,108.4 (100.0%)

All forested areas investigated were mid-successional, with varying levels of disturbance from logging 
activities. Vegetation complexity and percentage of native/non-native vegetation varied, but forests were 
generally complex (>4 layers) and dominated by native vegetation. Large trees (>100 feet) occurred in a 
number of areas. The largest trees were observed adjacent to Boat Ramp A. 
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Figure 4-11
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No areas of signifi cant size were encountered that 
contained predominately native shrubs or grasses. 
Pockets of possible remnant prairie vegetation 
were identifi ed with native (non-listed) wildfl owers 
including meadow checker-mallow (Sidalcea 
campestris) and lupine (Lupinus sp.).

Willamette River Irrigation Exchange Pipeline

Land use adjacent to the pipeline route is primarily 
agricultural and urban. The vegetation type in 
these areas is predominately herbaceous and scrub/
shrub. Deciduous and mixed coniferous/deciduous 
forests occur sporadically, generally in small, 
isolated patches. The pipeline has the potential to 
impact as many as eight forested areas depending 
on alignment. 

Wetlands

Potential jurisdictional wetlands and waters 
were identifi ed and mapped within the 20- and 
40-foot dam raise areas. Identifi ed wetlands 
were categorized by their Cowardin and HGM 
classifi cations. Results are reported here for the 
HGM classifi cation method.

Scoggins Dam Raise Options

20-Foot Dam Raise Alternative. Approximately 
47 acres of wetlands and 1087 acres of waters, 
including Hagg Lake and streams, were identifi ed 
in the reservoir footprint of a 20-foot dam raise 
alternative. Areas identifi ed as wetland had soils 
that exhibited hydric soil indicators; the vegetation 
communities were dominated by hydrophytic 
vegetation, and primary and/or secondary wetland 
hydrology indicators were observed. 

40-foot Dam Raise Alternative. Approximately 
58 acres of wetlands and 1,089 acres of waters, 
including the lake and streams, were identifi ed 
in the reservoir footprint of a 40-foot dam raise 
alternative. 

Willamette River Irrigation Exchange Pipeline

A range of 20 to 30 potential stream and wetland 
crossings exist along the conceptual pipeline 
corridor, depending on the exact alignment. 
Wetland areas were not mapped or assessed for the 
pipeline route.

Wildlife, Habitat, and Threatened/
Endangered/Sensitive (TES) Species

Scoggins Dam Raise Options

ONHP and USFWS responded to TES species 
information requests prior to fi eld surveys. ONHP 
provided information on TES species that were 
previously observed within a 5-mile radius of 
the Hagg Lake project area. ONHP reported 11 
records of terrestrial TES species observations. 
Only one observation occurred within the study 
area (northwestern pond turtle observed in 1993). 
One observation occurred near the study area, 
approximately 1,000 feet from the 40-foot contour 
(bald eagle observed in 2000). 

USFWS provides information on listed species 
that may occur in the area, rather than recorded 
observations. Results of the USFWS information 
request indicated that 32 listed non-fi sh vertebrate 
and plant species might occur within the area of 
the project. This includes endangered, threatened 
and candidate species, as well as species of 
concern.

No TES species were observed in the study area 
during fi eld investigations. There is an active bald 
eagle nest approximately 1,000 feet from the 40-
foot contour. 

Willamette River Irrigation Exchange Pipeline

Forty-one terrestrial species observations were 
reported by ONHP. Multiple observations were 
recorded for each of the following species: bald 
eagle, painted turtle, northwestern pond turtle, 
Oregon giant earthworm, Willamette Valley daisy, 
thin-leaved peavine, Kincaid’s lupine, Nelson’s 
sidalcea, tall bugbane, white rock larkspur, and 
peacock larkspur.

USFWS-reported species were similar to those in 
the Hagg Lake study area with a few exceptions. 
Two additional candidate species may occur in the 
pipeline area, including the yellow-billed cuckoo 
and Oregon spotted frog. Three species of concern 
listed as potentially occurring in the Hagg Lake area 
were not listed in the pipeline area: white-footed 
vole, red tree vole, and tailed frog.
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Environmental Consequences 

Vegetation

Scoggins Dam Raise Options

A total of 99 acres of high quality, and 168 acres 
of medium quality coniferous forest occur within 
the 200 foot-wide perimeter. The perimeter area 
provides good opportunity for mitigation actions. 
Patches of high quality deciduous forest are also 
found in the perimeter areas in quantities that 
exceed the amount that would be impacted under 
the alternatives. High quality coniferous areas are 
defi ned as having large trees and several layers of 
vegitation, predominantely native species. Further 
investigation regarding appropriate mitigation 
actions will occur in the next phase of studies. 

Willamette River Irrigation Exchange Pipeline

For the pipeline alternative, mitigation 
requirements for vegetation are expected to be 
minimal because the pipeline impacts are not 
planned for extension beyond the existing rights-of-
way. 

Wetlands

Scoggins Dam Raise Options

The 20- and 40-foot dam raise alternatives would 
permanently impact wetlands and other waters 
by increasing the normal full pool elevation of the 
reservoir, which would result in the permanent 
inundation of wetlands. Additional wetland and 
water impacts would occur as a result of dam 
improvements and the relocation of the road. 

20-foot Dam Raise Alternative. Approximately 47.2 
acres of wetland would be impacted as a result 
of raising the dam 20 feet and constructing new 
segments of a perimeter road. In addition, 4.3 
acres of jurisdictional waters/drainage would be 
inundated and lost. 

40-foot Dam Raise Alternative. Approximately 
57.6 acres of wetlands would be impacted as a 
result of raising the dam 40 feet and constructing 
new segments of a perimeter road. In addition, 6.3 
acres of jurisdictional waters/drainage would be 
inundated. 

Table 4-21 summarizes the wetland impacts of the 
dam raise alternatives by wetland type. Wetland 
impacts occur primarily in the tributary arms of the 
reservoir, as shown in Figure 4-12.

Table 4-21
Wetland and Water Area Impacts 

based on HGM Classification

Hydrogeomorphic  
Wetland Type

Acres of Impact 
20-foot Dam Raise

Acres of Impact 40-foot 
Dam Raise

Depressional* 5.3 5.8
Lacustrine-Fringe* 11.3 11.3
Riverine Flow-Through* 29.4 38.9
Slope* 1.3 1.7

Other Waters - Stream 4.3 6.3

Total Wetland Impact 47.3 57.7

Total Other Water Impact 4.3 6.3

*Indicates wetland types.
Note: Impact area for the 20 and 40 foot dam raise alternative includes proposed road 
reloaction, barrow pit area, and dam construction area.

Mitigation. In accordance with Section 404 of the 
Clean Water Act and Oregon Administrative Rules 
141-085-0005 through 141-085-0660, the project 
design must show the avoidance and minimization 
of wetland impact to the extent practicable. In the 
event that wetland impacts cannot be avoided, 
mitigation must occur to replace those wetland 
functions to be lost. There are typically three types 
of mitigation efforts that are performed: restoration, 
creation, or enhancement. Restoration reestablishes 
wetland conditions (i.e., hydrophytic vegetation, 
hydric soils, and wetland hydrology) in areas 
that were historically wetland. Wetland creation 
consists of constructing a wetland in an area that 
never supported wetlands previously. Wetland 
enhancement improves the functions of an existing 
but degraded wetland by correcting the degrading 
conditions. Minimum ratios of compensatory 
mitigation accepted by DSL and the Corps are as 
follows:

• Restoration ratio is 1:1 
(1 acre restored for every 1 acre lost).

• Creation ratio is 1.5:1 
(1.5 acres created for every 1 acre lost).

• Enhancement ratio is 3:1 
(3 acres enhanced for every 1 acre lost).
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Figure 4-12a

Figure 4-12b

Figure 4-12c
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Compensatory wetland mitigation must be 
conducted onsite unless the Corps and/or DSL 
determines that: onsite mitigation would be 
impracticable; onsite mitigation would not 
adequately replace lost functions or values; or 
offsite mitigation would be environmentally 
preferable considering the type of wetland to be 
impacted and the historic loss of wetland types and 
functions in the watershed. 

The designation of wetland mitigation areas will be 
required by DSL and the Corps if any wetlands are 
impacted as a result of this project. Mitigation areas 
for the 20- and 40-foot dam raise alternatives would 
likely require a combination of both onsite and 
offsite mitigation measures. Onsite mitigation could 
occur within the reservoir’s immediate watershed 
and offsite mitigation could occur near the reservoir 
at suitable locations, as approved by DSL and the 
Corps. 

A substantial amount of onsite mitigation could 
be developed if either dam raise alternative is 
implemented. The elevated normal pool level 
associated with the 20-and 40-foot raises would 
inevitably create new lacustrine-fringe wetland. 
Carefully planned land grading could also create a 
much larger seasonally inundated zone and further 
increase created wetland areas. 

Impacts to riverine fl ow-through wetlands would 
likely require a combination of on-and offsite 
mitigation. Onsite riverine fl ow-through mitigation 
could occur in areas where tributaries come into 
the reservoir. 

Suitable onsite mitigation sites would likely 
be available to replace functions for both the 
depressional and slope wetland areas. If suitable 
acreage is not available, offsite wetland mitigation 
could potentially occur in drainages proximal to 
the impact area.

Willamette River Irrigation Exchange Pipeline

For the purposes of this analysis, it has been 
assumed that the pipeline would be constructed 
in existing rights-of-way. Drainages or wetlands 
that cross the alignments could be directionally 
drilled under the wetlands or drainages, or the pipe 
could be buried under existing culverts and long-
term impacts could be avoided. In some instances 
temporary impacts may occur, but if the areas are 
restored to pre-construction functioning levels, no 
additional mitigation may be required. 

Mitigation

For the pipeline alternative, mitigation for 
impacted wetlands would most likely involve onsite 
restoration. If possible, wetlands disturbed during 
the pipe installation would be restored to pre-
construction functional levels. Additional wetland 
mitigation may be required and could be performed 
offsite, depending on the severity of the impacts 
and the likelihood of successfully restoring wetland 
functions onsite. 

Wildlife, Habitat, and Threatened/
Endangered/Sensitive (TES) Species

Scoggins Dam Raise Options

Impact analysis identifi ed the amount of each 
habitat class impacted by the alternatives, including 
the 40-foot wide relocated roadway. Habitat quality 
impacts were also quantifi ed for the 200-foot-wide 
perimeter area. Results indicated that most of the 
area that would be inundated under the 20-foot and 
40-foot dam raise alternatives is low quality habitat 
(54% and 50% of total land area, respectively). Low 
quality habitats have vegetative cover of non-native 
shrubs or herbs. High quality habitat makes up 
the smallest percentage of land area under both 
the 20-foot raise (12%) and 40-foot raise scenarios 
(14%). High quality habitat is described as large 
trees, mostly native vegetation and relatively large 
patch size. High quality habitat occurs north of Boat 
Ramp A on the east side of the lake, along Scoggins 
Creek, and along Sain Creek, as shown in Figure 
4-13. The highest quality wildlife habitat observed 
was located adjacent to Boat Ramp A. Some of 
this area would be inundated under the proposed 
dam raise alternatives. Additional habitat could be 
impacted here. Recreational facilities are relocated 
here. Several other small areas of high quality 
habitat occur along the lake margin. These are 
deciduous forest areas containing large oak trees. 
Table 4-22 summarizes overall habitat impacts by 
habitat quality classifi cations.
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Figure 4-13
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Table 4-22. Habitat Quality Classification Impacted by Alternative 
(in acres, percentage of total acreage for given Alternative is in parentheses).

Quality 20-foot Dam Raise 
Alternative

40-foot Dam Raise 
Alternative 200-foot Perimeter Total Area

Low 263.8 (53.7%) 344.2 (49.7%) 149.9 (36.0%) 494.1 (44.6%)

Medium 167.0 (34.0%) 248.3 (35.9%) 167.5 (40.2%) 415.9 (37.5%)

High 60.0 (12.2%) 99.4 (14.4%) 99.0 (23.8%) 198.4 (17.9%)

Total 490.9 (100.0%) 691.9 (100.0%) 416.4 (100.0%) 1,108.4 (100.0%)

Quality classifi cations assigned to vegetated areas 
were intended to a relative and subjective variety of 
habitat features for wildlife, including TES species. 
While these qualitative assignments provide habitat 
ratings for species in general, specifi c habitat 
values have not been questioned. Upland meadows 
dominated by non-native species are classifi ed as 
low quality here, for example, but they provide an 
important habitat for elk. 

In the study area, 106 acres of non-native meadow 
(approximately one third of total herbaceous cover 
area in the 40-foot alternative and perimeter) are 
identifi ed as elk habitat. ODFW plans to designate 
additional areas as elk meadow, to bring the total 
to 140 acres. The 20-foot dam raise would impact 
46 acres of existing elk meadow in the park. The 
40-foot dam raise would inundate an additional 13 
acres beyond the 20-foot dam raise impacts.

Mitigation. Substantial forested areas occur in the 
200-foot perimeter. Some of these may be suitable 
for mitigation for forested areas impacted under 
the proposed action. Areas with the most potential 
for mitigation include larger forested areas, such 
as those surrounding Sain and Scoggins creeks. 
Further evaluation of the quality of habitats will 
occur prior to determining appropriate mitigation 
strategies. Existing northwestern pond turtle 
habitat basking areas identifi ed in Scoggins Creek 
that would be impacted by the project could be 
mitigated for and expanded if the reservoir were 
raised. In addition, basking areas could be created 
or enhanced at Tanner and Scoggins creeks.

Areas totaling 188 acres have been identifi ed both 
inside and outside the park as potential elk habitat. 
The potential elk meadow impacts and mitigation 
opportunities are listed in the table below, and are 
illustrated in Figure 4-14.

Existing elk meadow = 106 acres

20-foot 
dam 
raise 

(acres)

40-foot 
dam 
raise 

(acres)

Impacts to meadow 46 59

Potential mitigation opportunities inside the park 68 68

Potential additional mitigation opportunities 
outside the park 60 60

Willamette River Irrigation Exchange Pipeline

No surveys or habitat quality assessments were 
conducted for this supply option.

4.2.6 FISHERIES

Methods
Existing data for fi sh species in the Willamette 
River, Tualatin River Subbasin, and in Hagg Lake 
was collected and reviewed to assess fi sheries 
resources. Sources of information included 
documents and data obtained from the Oregon 
Rivers Information System (ORIS); StreamNet; 
ODFW; CWS; Oregon Department of Forestry 
(ODF); and the USFWS.

In addition to reviewing existing data, 
reconnaissance-level fi sheries surveys were 
conducted to assess suitable habitat for fi sh species 
in impacted areas. These surveys were conducted 
in 2002 in the Hagg Lake area, as well as along 
Scoggins Creek downstream of the dam to the 
confl uence with the Tualatin River. The Hagg Lake 
area included all of the tributaries to Hagg Lake 
(Scoggins, Sain, and Tanner creeks and several 
small unnamed tributaries to the limit if the federal 
property boundary).   
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Figure 4-14
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During each of the fi sheries surveys, an overall 
subjective habitat rating was given to each 
stream reach. Ratings were based on stream and 
riparian conditions including substrate types, 
embeddedness, habitat types and abundance, 
riparian cover, large woody debris presence 
and potential, spawning gravel quality and 
abundance, and limiting factors such as nutrient 
load, temperature sensitivity, macroinvertebrate 
potential, passage barriers, stream condition trend 
(deteriorating , static, increasing), and erosion. 
In general, fi sheries surveys focused on habitat 
suitability for steelhead and cutthroat trout, and 
secondarily on habitat suitability for other resident 
species. 

For the Willamette River Irrigation Exchange 
Pipeline option, abundance, distribution, and 
migration timing data were reviewed for those 
Willamette River fi sh species that have the potential 
to occur near the proposed intake location. 
This information was used in conjunction with 
anticipated impacts of construction and operation 
of the pipeline intake to evaluate impacts to 
fi sheries resources under this water supply option. 

No fi sheries surveys were conducted in the vicinity 
of the proposed intake location. 

Affected Environment

Scoggins Dam Raise Options

Four anadromous fi sh species have the potential to 
occur in the Tualatin Basin. These species include 
chinook salmon (Oncorhynchus tshawytscha), 
coho salmon (O. kisutch), steelhead (O. mykiss), 
and Pacifi c lamprey (Lampetra tridentatus) (ORIS, 
1994; ODFW, 1992). A fi fth fi sh species, cutthroat 
trout (O. clarki), has migratory life forms and is 
native to the Tualatin River; however, only resident 
trout are found in this river basin (ODFW, 1992). 
These fi sh species and their current regulatory 
status are summarized in the following paragraphs 
and in Table 4-23. Other fi sh species within the 
Scoggins watershed include bluegill, yellow perch, 
warmouth, largemouth bass, and smallmouth 
bass (BLM, 2001). These warm water species are 
known to be present in Henry Hagg Lake and in the 
Tualatin River.

Table 4-23
Regulatory Status of Anadromous Species Known to Occur In the Project Area 

Scientifi c Name Common 
Name Status General Habitat Impact

Lampetra 
tridentata

Pacifi c 
lamprey SC

Spawning and rearing in low gradient, muddy bottom streams, backwater areas.
YES

Oncorhynchus 
mykiss Steelhead T

Spawn in small to med. gravel in swift-fl owing fresh water streams; rear in 
freshwater 1-4 years. YES

Oncorhynchus 
tshawytscha

Chinook 
salmon T

Tend to spawn in the tshawytscha mainstem of streams, (migration corr.) where 
the water fl ow is high;
able to spawn in larger
gravel than most other salmon; tend to rear in streams for a year. YES

Oncorhynchus 
clarki  clarki

Coastal 
cutthroat 

trout
NW

Small tributary streams with wide range of habitats  (migration corr.) including 
large woody debris, pools, riffl es, backwater areas. YES

Oncorhynchus 
kisutch Coho salmon NW

Spawn in smaller coastal tributaries; occupy wide range of habitats; migrate to 
coast in spring of second year. YES

 SC=Species of Concern T=Threatened NW=Not Warranted
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Fall chinook salmon are generally found in the 
lowest reaches of the Tualatin River, near the 
confl uence with the Willamette River (ORIS, 1994). 
Fall-run chinook salmon are not native to the 
Tualatin River and currently do not occur in the 
Hagg Lake area. 

Spring chinook salmon were found in the Tualatin 
River in 2001 by ODFW, but this run of chinook 
salmon has been observed rarely and in low 
numbers in the Tualatin River. The Tualatin River 
system is not considered to include spring chinook 
spawning habitat. 

Coho salmon are not indigenous to the upper 
Willamette River and have only been allowed access 
since the construction of Willamette Falls fi sh 
ladder. Although some natural production of coho 
salmon occurs in Gales Creek and other tributaries 
of the upper Willamette River, it is the result of 
past introductions and successful reproduction by 
hatchery fi sh. 

Steelhead may inhabit Scoggins Creek in low 
numbers and could be affected by a potential dam 
raise. The ESA listing for this species is currently 
being reassessed by NOAA Fisheries. A Recovery 
Plan has not yet been developed. 

Pacifi c lamprey are native to the Tualatin River but 
the overall abundance and distribution of Pacifi c 
lamprey within the Tualatin River subbasin is not 
known. No data are availale to evaluate Pacifi c 
lamprey presence in Scoggins Creek, but recent 
inventories of fi sh communities in Washington 
County streams with similar characteristics suggest 
lamprey species could be present throughout the 
Tualatin River subbasin. 

Cutthroat trout are found in the tributaries 
and mainstem of Scoggins Creek, and other 
tributaries of the Tualatin River. These resident 
trout do not have obligatory migrations that would 
require passage into and out of Scoggins Creek. 
Anadromous cutthroat trout are not known to 
occur in the Tualatin River (ODFW, 1992). 

Salmonid diversity and population levels have 
declined in the Tualatin Basin compared with 
historic estimates (Wagoner et al., 1990; Kaczynski 
and Palmisano, 1995). The factors that limit 
salmonid usage in the Tualatin Basin include: (1) 
poor habitat (low water velocity, high amounts of 
silt/organic substrate, and low hydraulic diversity 

in mainstem streams and tributaries); (2) degraded 
water quality; (3) low summer fl ows; (4) high 
summer water temperatures; and (5) predation 
by warm water species (ODFW, 1992; ODFW and 
USA, 1995). In general, salmonids appear to be 
more abundant in the upper reaches of streams 
where better physical habitat and water quality 
exist, whereas the lower reaches are dominated 
by introduced warm water species (ODFW and 
USA, 1995), which are typically more tolerant to 
the types of habitat degradation seen in the lower 
reaches.

Three streams would be directly affected by a 
dam raise, Scoggins Creek (both upstream and 
downstream of the dam), Tanner Creek, and 
Sain Creek. Several small intermittent unnamed 
streams may also be affected. In Scoggins Creek, 
habitat below the dam has historically supported 
anadromous coho salmon and steelhead, as well 
as resident species. Habitat below Scoggins Dam 
has been diminished from past land management 
actions and this reach contains poor habitat for 
salmonids (G. White, personal communication, 
December 26, 2003; BLM 2001). No adult, juvenile, 
or steelhead trout redds were observed in Scoggins 
Creek downstream of Scoggins Dam during 
fi sheries surveys. Upstream of the dam, Scoggins 
Creek and other tributaries to Hagg Lake provide 
habitat for resident species, including cutthroat 
and rainbow trout and sculpin. Habitats in the 
tributaries to Hagg Lake were subjectively rated 
“fair to good” for trout, but all tributaries were 
limited by lack of pool habitat, instream structure 
and cover, as well as large substrate in riffl e areas 
(G. White, personal communication, December 26, 
2003).

Hagg Lake supports a recreational fi shery for 
rainbow trout and smallmouth bass, as well as a 
fi shery consisting of introduced, warm water fi sh 
species. The fi sh community in Hagg Lake is similar 
to the community documented in the Tualatin River 
Subbasin. 
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Willamette River Irrigation Exchange 
Pipeline Option

Fish species with the potential to occur in the 
Willamette River near the intake/pump station 
project would be similar to those discussed under 
the Scoggins Dam Raise Options. The anadromous 
form of coastal cutthroat trout also would have the 
potential to be present near the intake structure in 
the Willamette River during their migration period. 

Environmental Consequences 

Scoggins Dam Raise Options

There would be temporary and permanent impacts 
associated with the dam raise alternatives. Since 
project impacts to fi sheries resources would be 
similar for the 20-foot and 40-foot raise alternatives, 
they will be discussed together. 

Temporary impacts to fi sheries resources would 
result from earthwork activities in Scoggins Creek 
and could occur at projected road crossings 
above Scoggins Dam. Best Management Practices 
(BMPs) would be implemented to avoid impacts 
from movement of sediment or contaminants into 
project-affected waters. 

Fish habitat impacts would result from the 
expansion of the dam footprint and increased 
reservoir size. Habitat impacts would occur in 
Scoggins Creek just downstream of the existing 
dam, Hagg Lake, and the tributaries to Hagg Lake. 
Specifi c impacts to each of these areas is described 
in more detail below.

Habitat changes to Lower Scoggins Creek

The quantity and timing of water releases from 
Hagg Lake may be altered by reservoir expansion, 
thus affecting habitat availability for salmonids and 
resident fi sh species that use lower Scoggins Creek. 
Under existing conditions, habitat in lower Scoggins 
Creek is described as limiting or restricting 
successful salmonid reproduction. Current 
requirements for water releases during the summer 
and fall could continue to be met under the project 
alternatives. No existing spawning habitat would be 
dewatered or eliminated. 

Habitat changes to Hagg Lake

Under the two reservoir expansion alternatives, 
new pool elevations would increase open water 
habitat in Hagg Lake. Cutthroat trout have been 
successful in Hagg Lake, thus it is anticipated that 

the cutthroat trout population in the system would 
be maintained and perhaps increased with the 
expansion of the reservoir (G. White, personal 
communication, December 26, 2003). 

Habitat Changes to Hagg Lake Tributaries

Increasing the reservoir size would decrease stream 
habitat available for resident fi sh species above 
Hagg Lake. Three primary creeks currently contain 
approximately 56 miles of stream chan nel upstream 
of Hagg Lake (Table 4-24). Of the total 23.2 miles 
of stream channel in Scoggins Creek upstream of 
the dam, 4,335 feet for the 20-foot raise or 5,741 
feet for the 40-foot raise would be inundated by 
enlargement of the reservoir. Approximately 2.5 
miles of Scoggins Creek was inundated when 
Scoggins Dam was constructed. Although some 
habitat for resident fi sh species would be lost with 
both reservoir expansion alternatives, 95 to 96 
percent or more of the stream area in Scoggins 
Creek is above the proposed inundation zone.

Table 4-24
Project-Affected Tributaries of Hagg Lake

Stream

Existing 
Stream 
Length 
(miles)

Inundated 
Stream 
Length 

20 (40) ft 
Raise (feet)

Remaining 
Stream 
Length 
20 (40) 

ft Raise 
(miles)

Inundated 
Stream 
Length

20 (40) ft 
Raise   (%)

Scoggins Creek 23.2 4,335 
(5,741)

22.4 
(22.1)

3.5
(4.7)

Sain Creek 25.4 1,427 
(2,439)

25.2
(25.0)

1.1
(1.8)

Tanner Creek 7.7 1,539
(2,219)

7.4
(7.2)

3.8
(5.5)

Total 56.3 7,301
(10,399)

55.0
(54.3)

2.5
(3.5)

Fish were found upstream of the proposed 
inundation area in each of the stream systems 
along with good spawning gravel (ODF, 1998; 
Ecosystems Northwest, 2000). In Tanner Creek, 
fi sh and gravel were found approximately 1 mile 
upstream of the 40-foot inundation level. Fish and 
adequate spawning gravel were found in the upper 
Scoggins and Sain creeks systems as well. A small 
amount of spawning gravel was observed during 
reconnaissance surveys within the inundation area. 

In summary, the expansion of Hagg Lake would 
inundate approximately four percent of the stream 
habitat currently available in the project area, 
and would increase the maximum surface area of 
the reservoir by either 29 percent or 50 percent 
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depending on the raise alternative chosen (20-foot 
or 40-foot, respectively). Stream habitat above the 
proposed innundation area contains suitable habitat 
for resident fi sh species. 

Fish Passage at Road Crossings

Road crossings on reservoir tributary streams would 
provide fi sh passage as per ODFW Guidelines 
and Criteria for Stream-Road Crossings (1997) 
specifi cations. The proposed new pool elevation 
would inundate sections of the existing road. These 
sections must be either realigned or built up. At 
stream crossings where the roadbed is built up and 
exposed to fl uctuating reservoir pool levels, fi sh 
passage will be necessary and must be provided 
following ODFW guidelines.

Mitigation 

• Mitigation measures for aquatic impacts could 
include the following:

• Construction occurring in a stream will be 
undertaken to minimize potential impacts on 
fi sh. 

• Erosion control measures.

• Minimization of the time necessary to complete 
the construction activity so that erosion is short-
term and non-reoccurring. 

• Stabilizing the area after construction through 
revegetative plantings, where appropriate.

• Installing and maintaining sediment fi lter 
devices at appropriate locations in the 
construction area.

• Performing daily inspection and repair as 
needed

• Maintenance of vegetated buffer zones. 

• Minimization of the area of disturbance.

• Installation of stream sediment traps, where 
appropriate.

• Stabilization of stream banks after construction 
through vegetative plantings/bioengineering. 

• Design of culvert and/or bridge crossings to 
allow fi sh passage.

• Location of staging areas at least 50 feet 
away from stream bank or reservoir where 
topographic conditions permit.

• Designing and implementing spill prevention 
plans.

Potential Site-Specifi c Mitigation Measures.

Specifi c mitigation measures for project impacts 
and for construction activities within the Hagg 
Lake area would be developed in consulta tion with 
appropriate agencies as part of the construction 
permits. Potential on-site mitigation measures that 
may be considered include:

• Increasing instream habitat diversity by adding 
instream structure such as large woody debris 
to form pools, provide cover, and increase 
hydraulic diversity.

• Provide vegetative plantings to increase riparian 
functionality along Tanner Creek just upstream 
of the inundation zone.

Willamette River Irrigation Exchange 
Pipeline Option

Potential impacts to fi sh species include those 
related to project installation and construction, 
intake/pump station operation, and long-term 
habitat modifi cations resulting from the placement 
of in-stream structures (intake). 

Several temporary impacts to fi sh species could 
occur from project installation and construction, 
including increased sediment load, disturbance 
of shoreline structure, vibration and noise, 
and alteration of habitat conditions at the site. 
Implementation of BMPs and minimizing in-water 
work periods will minimize the likelihood of 
impacts to fi sheries resources from construction 
and installation activities. 

Potential long-term impacts to fi sh species in the 
Willamette River include impingement on fi sh 
screens and alterations in behavior from the noise 
and vibration from near-river pumps. Intake screens 
would be designed to conform to NOAA and ODFW 
criteria for fi sh protection, which would minimize 
the potential for long-term impacts to Willamette 
River fi sh. Near-river pumps would be designed to 
dampen noise and vibration to acceptable levels; 
fi nal design of the facility will be reviewed and 
approved by federal and state agencies with respect 
to potential fi sheries impacts. Since anadromous 
fi sh species use this portion of the Willamette River 
primarily as a migratory corridor, and fi sh passage 
at this site is not limited to the immediate vicinity 
of the intake structure, minimal impact on fi sheries 
populations is expected. 
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Mitigation

There are several design, construction and 
operational techniques that can be used to 
minimize for the potential impacts of the project 
on fi sh resources. several measures are outlined as 
follows:

• To the extent feasible, place above water 
structures (pump station, parking area, etc.) 
upland of the banks and riparian area of the 
river.

• Avoid construction within the riparian area to 
the extent feasible. 

• During construction utilize BMPs to ensure that 
sediment is contained within the construction 
site. This should include site-specifi c sediment 
and erosion control measures such as placing 
temporary ground cover on all exposed soils 
and slopes, placing of silt fences at the base of 
slopes and areas adjacent to drainageways, and 
preventing excavated materials from entering 
surface waters.

• Design fi sh screens in accordance with NOAA 
Fisheries and ODFW screen criteria. Fish screen 
openings are not to exceed 1.75 mm and 
approach velocities are not to exceed 0.4 feet 
per second (fps).

• Minimize in-river construction periods, 
preferably from June 1 – October 31 and 
December 1 – January 31. In-water construction 
during this time frame minimizes the potential 
from impacts to migrating fi sh.

• Design the intake protective structure (concrete 
box or pilings) to limit the creation of predator 
habitat.

• Store fuels or toxic materials associated with the 
project in locations that protect along water and 
drainageways from potential spills.

• Clean equipment used for in-water work prior 
to entering the water in a location where runoff 
will not enter creeks or drainageways.

4.2.8 LAND USE
Land use impacts have been considered for the 
Scoggins Dam Raise area and the Willamette 
Pipeline Corridor. Differentiation at Scoggins 
between the setting for the 20-foot and 40-foot dam 
raise is provided where necessary. 

Scoggins Dam Raise Options

Affected Environment

The land in the vicinity of Henry Hagg Lake is 
predominately rural-consisting of undeveloped, 
naturally vegetated areas and actively managed 
recreational land. About 95 percent of the land in 
the immediate reservoir area is federally owned 
with the remaining 5 percent being private 
inclusions surrounded by federal property.

The majority of the undeveloped rural area is 
coniferous and mixed deciduous forests, scrub-
shrub forests, and grassland meadows. Several areas 
of wetlands occur in the project area. Elk meadows 
currently exist along both the east (Nelson Cove) 
and the west (Sain Creek elk meadow and West 
Shore Drive elk meadow) sides of the lake, as well 
as in the open area directly south of Scoggins 
Dam. Park facilities and recreation sites are present 
around Hagg Lake. 

Designated Land Use and Zoning

The dam raise project area is designated and zoned 
Exclusive Forest and Conservation (EFC) according 
to the 2003 Rural/Natural Resources Plan and 
Washington County’s Community Development 
Code. This designation intends to provide for 
forest use and the continued use of lands for 
renewable forest resource production, retention 
of water resources, recreation and other related or 
compatible uses as set forth in Statewide Planning 
Goal 4 and OAR 660-6. 

Conditional uses in this zone include parks, 
reservoirs and water impoundments and private 
fi shing and hunting operations. 

In addition to the EFC designation, Henry Hagg 
Lake is designated as a “Signifi cant Natural Resource 
Area,” as it contains water areas, wetlands, and fi sh 
and wildlife habitat. The intent of this designation 
is to provide for the identifi cation, protection, 
enhancement, and perpetuation of natural sites, 
features, objects, and organisms within the County 
identifi ed as important for their uniqueness, 
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psychological or scientifi c value, fi sh and wildlife 
habitat, educational opportunities, or ecological 
role. Limited and safe development in areas with 
signifi cant natural resources is permitted, and 
development must comply with applicable state and 
federal regulatory guidelines.

Statewide and Local Planning Goals

Oregon’s statewide goals are achieved through local 
comprehensive planning. State law requires each 
city and county to adopt a comprehensive plan and 
the zoning and land-division ordinances needed to 
put the plan into effect. The local comprehensive 
plans must be consistent with the statewide 
planning goals.  

A review of the Oregon Statewide Planning Goals 
indicates that Goals 4 and 5 are relevant to the 
proposed project. The intent of Goal 4 is “To 
conserve forest lands by maintaining the forest 
land base and to protect the state’s forest economy 
by making possible economically effi cient forest 
practices that assure the continuous growing and 
harvesting of forest tree species as the leading use 
on forest land consistent with sound management 
of soil, air, water, and fi sh and wildlife resources 
and to provide for recreational opportunities and 
agriculture.” 

The intent of Goal 5 is “To conserve open space and 
protect natural and scenic resources.” This requires 
counties to identify signifi cant natural resources 
within their planning areas and implement a 
program to conserve the resources. Washington 
County has adopted implementing ordinance 
language under Section 422 of their Community 
Development Code. 

Willamette Pipeline Corridor

Affected Environment

The conceptual alignment for the proposed 
pipeline corridor assumes that the entire pipeline 
is located in public right-of-way. The corridor runs 
approximately 70,000 feet (13.3 miles) from a raw 
water intake site, located within a rural farming 
area upriver from Ash Island at approximately 
river mile (RM) 53, to an intermediate reservoir. 
From there it extends another 50,000 feet (9.5 
miles) to a terminal storage reservoir near the 
Springhill Pumping Plant (SHPP). Four staging areas 
(each about 0.5-acre) would likely be used during 

construction; one would be located at the proposed 
site of the intake and pump station, two would be 
located along the pipeline, at Miles 7 and 14, and a 
fourth staging area would be located at the end of 
the pipeline, at Mile 22.7. 

The pipeline corridor route includes a riparian 
zone on the Willamette River in Newberg, the 
incorporated City of Newberg, rights-of-way along 
Highway 240, North Valley Road and Highway 
47, and the City of Gaston in Washington County. 
The road rights-of-way are property of the Oregon 
Department of Transportation (ODOT), and 
Washington and Yamhill counties. 

With the exception of the sections that run through 
the urban areas of Newberg and Gaston, the 
pipeline route and staging areas in Washington and 
Yamhill counties are located mainly in rural areas 
characterized by agricultural and forestry uses. 
Residences are typically set back from the road 
by more than 50 feet, except in a few locations 
along Highway 47. The proposed intake site has 
some existing river access use and an immediate 
adjacent upland area that has historically been 
used for agriculture. The vegetation corridor at the 
intake site (west side of the Willamette River at RM 
53) is composed of a mix of riparian vegetation, 
some upland woody species and adjacent open 
agricultural fi elds. 

Designated Land Use and Zoning

With the exception of the incorporated City of 
Gaston, the pipeline corridor within Washington 
County is surrounded by land zoned Exclusive 
Farm Use (EFU) and Agriculture and Forest (AF), as 
shown in Figure 4-15. Within the City of Gaston the 
pipeline is located in land designated as commercial 
and single-family residential. 

Conditional uses in the EFU zone include, but are 
not limited to, facilities for the processing of farm 
crops, golf courses, hunting and fi shing preserves, 
schools, utilities necessary for public service, and 
fi re service facilities. 

Conditional uses in the AF zone include but are 
not limited to: facilities for the processing of farm 
crops, schools, utilities necessary for public service, 
and fi re service facilities. 
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Figure 4-15
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Several areas along the pipeline route in 
Washington County are also designated as 
Signifi cant Natural Resource Areas, as they contain 
water areas, wetlands, and fi sh and wildlife habitat. 
Permitted uses in these areas are the same as those 
described for the dam raise project area. 

Outside of the incorporated City of Newberg 
(zoned very low density residential – VLDR), and 
located within Yamhill County, the Willamette 
Pipeline Corridor is zoned Exclusive Farm Use 
District (EF), Agriculture/Forestry (AF) and Public 
Assembly Institutional District (PAI). According to 
the Yamhill County zoning ordinance, conditional 
uses include water intake facilities, reservoirs and 
water impoundments, and permanent facilities for 
the processing of forest products, among others. 

Conditional uses on AF zoned land in Yamhill 
County include permanent forest processing 
facilities, community centers and water intake 
facilities, among others. 

Statewide and Local Planning Goals

A review of the Oregon Statewide Planning Goals 
indicates that Goals 4 and 5 are relevant to the 
proposed project, as described above. 

Environmental Consequences

20-Foot Dam Raise Alternative 

Impacts to Existing Land Use and Ownership

A 20-foot dam raise would inundate roughly 300 
acres of land at full pool. Additional land impacts 
will occur as a result of perimeter road relocation, 
recreational facility relocation, dam enlargement 
and environmental mitigation. Two private 
landowners may be affected by the change in water 
surface elevation, although this conclusion must be 
verifi ed by site topographic information.  No private 
landowners would be affected by the perimeter 
road relocation. Homeowners and businesses 
around the lake would be temporarily affected by 
construction activities.

The 20-foot dam raise would impact an estimated 
500 acres of existing coniferous forest and 
herbaceous cover, as well as about 50 acres of 
wetlands. Potential mitigation areas for vegetation, 
wetlands and wildlife habitat (including elk 
meadows) have been identifi ed in areas adjacent to 
the project site. Existing recreational and managed 
lands, including the Scoggins Creek Picnic Area, 

Recreation Area C, and several elk meadows, would 
be affected by inundation. 

Dam construction would involve temporary 
staging areas, access roads, and borrow sites. 
This construction would temporarily convert 
approximately 50 acres of land, mostly composed of 
an existing elk meadow and recreational facilities, 
into appurtenant facilities. Two potential borrow 
sites have been identifi ed on the east side of the 
lake and at the original borrow area on the right 
abutment of the dam. Borrow site investigations 
will be needed to determine how much material 
can be obtained from these sites. The construction 
staging area, proposed to be located south of the 
dam at the site of the existing park fee station and 
administrative offi ces, would affect approximately 
140 acres. Construction access roads would 
temporarily impact approximately 15 acres of 
forested and residential land. 

Consistency with Designated Land Use 
and Zoning

The dam raise project area is designated Exclusive 
Forest and Conservation (EFC) in Washington 
County. Article 2, Section 342-3.2 L of the 
Washington County Community Development 
Code conditionally permits reservoirs and water 
impoundments on EFC zoned land; therefore, land 
use consistency could reasonably be achieved 
under this alternative with the application for 
and approval of a conditional use permit from 
Washington County. 

Consistency with Statewide and Local 
Planning Goals

In 1990, the Oregon Land Conservation and 
Development Commission (LCDC) developed 
rules to ensure that counties implemented Goal 4 
provisions. The LCDC adopted a list of authorized 
uses on forest lands which includes allowing 
water impoundment within the applicable zoning 
designations subject to review procedures. 
Washington County has amended their ordinance 
to incorporate these LCDC rules. In regard 
to Goal 5, Washington County has adopted 
implementing ordinance language under Section 
422-3.3 A.3 of their Community Development 
Code to allow for the installation or construction 
of the following utilities: sewer and water lines, 
electric, communication and signal lines; and gas 



WATER SUPPLY FEASIBILITY STUDY - FINAL REPORT 71

distribution and transmission lines in Signifi cant 
Water and Wetlands and Wildlife Areas, therefore 
this alternative would be consistent with Section 422. 

40-Foot Dam Raise Alternative

Impacts to Existing Land Use and Ownership

The 40-Foot Dam Raise Alternative would inundate 
approximately 525 acres at full pool. Additional 
land impacts will occur as a result of perimeter 
road relocation, recreational facility relocation, 
dam enlargement, construction of a new spillway 
and environmental mitigation. Ten private 
property owners could potentially be affected 
by the change in water surface elevation or road 
relocation, although this must be verifi ed by site-
specifi c topographic information. Homeowners and 
businesses around the lake would be temporarily 
affected by construction activities.

The 40-foot dam raise would impact an estimated 
700 acres of existing coniferous forest and 
herbaceous cover, as well as about 60 acres of 
wetlands. Potential mitigation areas for vegetation, 
wetlands and wildlife habitat (including elk 
meadows) have been identifi ed in areas adjacent to 
the project site. Existing recreational and managed 
lands, including the Scoggins Creek Picnic Area, 
Recreation Area C, and several elk meadows, would 
be affected by inundation. 

Construction impacts for the 40-foot raise would 
be similar to those described above for the 20-foot 
raise scenario.

Consistency with Designated Land Use and 
Zoning

This alternative would involve similar effects 
as those described for the 20-foot Dam Raise 
Alternative. 

Consistency with Statewide and Local 
Planning Goals

The 40-foot dam raise would impact the statewide 
goals, as described for the 20-Foot Dam Raise 
Alternative. 

Willamette Pipeline Alternative

Impacts to Existing Land Use and Ownership

The potential impacts of this alternative include 
permanent and temporary changes in existing land 
use as it relates to the construction of the intake 
and pump station, underground pipeline, access 
roads, and staging areas. 

The pipeline would have a total impact area of up 
to 150 acres, depending on the fi nal determination 
of pipeline diameter. The pipeline would be buried, 
thus land uses would be restored to their pre-
existing condition subsequent to installation. The 
proposed intake site is located at an area with some 
existing river access and an immediate adjacent 
area that has historically been used for agriculture. 
Therefore, minimal upland and riparian vegetation 
would be disturbed. Staging areas would affect a 
total of two acres of land with 0.5 acre in the City of 
Newberg, and the remaining 1.5 acres in rural and 
agricultural land. 

With the exception of the pipeline sections that 
run through the urban rights-of-way in Newberg 
and Gaston, the pipeline corridor and the intake 
site transects road and highway rights-of-way that 
are the property of the ODOT, Washington County, 
and Yamhill County. However, within this right-of-
way, 180 to 220 linear-feet of creek crossings, less 
than one acre of wetlands, and a small riparian area 
along the Willamette River would be affected. Two 
railroad crossings and a large, 200-linear-foot bridge 
crossing would also be affected by the pipeline 
installation. Several residences along Highway 47 
would be affected by the proposed pipeline due to 
their proximity to the road. 

Consistency with Designated Land Use 
and Zoning

The Willamette Pipeline Alternative would involve 
facilities located along highway right-of -way and 
in land designated as Exclusive Farm Use (EFU) 
and Agriculture and Forestry (AF) in Washington 
County and Exclusive Farm Use District (EF), 
Agriculture and Forestry (AF), and Public Assembly 
Institutional District (PAI) in Yamhill County.

Section 340 of the Washington County Community 
Development Code conditionally allows “utilities 
necessary for public service” so long as “the 
proposed use will not force a signifi cant change 
in, or signifi cantly increase the cost of, accepted 
farming or forest practices on agricultural or forest 
land.” The proposed project would not create a 
“signifi cant change” in forest practices or alter the 
overall character of land use in the project area, 
which would continue to be rural. Article 3, Section 
344-4.1 P of the Washington County Community 
Development Code allows the placement of utilities 
necessary for public service on AF zoned lands.
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Under Section 402.02 F of Yamhill County’s Zoning 
Ordinance, utility facilities necessary for public 
service are conditionally permitted in the EF zone. 
Section 403.04 M5 states that water intake facilities, 
related treatment facilities, pumping stations, and 
distribution lines are considered a conditional 
use in an AF zone. Section 801.02 I of the Yamhill 
County Zoning Ordinance allows the placement of 
facilities relating to community or municipal water 
supply systems on PAI zoned lands.

According to Yamhill County’s Comprehensive 
Land Use Plan, Section 4.C, a “Willamette River 
Greenway Overlay District” was created with 
the intent to “Protect and preserve the natural, 
scenic and recreational qualities of lands along the 
Willamette River in Yamhill County.” Mitigation 
for any impacts to land within the Willamette 
Greenway will need to be addressed as part of 
the conditional use permit from Yamhill County 
(Conversation with Yamhill Co. 8/4/03). 

The Willamette Pipeline Alternative appear 
consistent with the goals and policies of the Yamhill 
County Comprehensive Land Use Plan (Yamhill 
County, 1991). The proposed pipeline would not 
alter the character of the surrounding area in a 
manner that limits, impairs, or prevents the use 
of surrounding properties for permitted uses. 
Section II.B of Yamhill County’s Comprehensive 
Land Use Plan aims “To conserve and to manage 
effi ciently the county’s forest and range resources, 
thereby ensuring a sustained yield of forest 
products, adequate grazing areas for domestic 
livestock, habitat for fi sh and wildlife, protection 
of forest soils and watershed, and preservation of 
recreational opportunities.” Temporary impacts 
associated with the installation of the irrigation 
pipeline, such as access roads and construction 
staging areas, are expected to occur in the project 
area and would have short-term effect on the 
county’s forest and range resources. Potential 
mitigation measures have been identifi ed for areas 
along the pipeline route that impact wetlands, 
creek crossings and riparian areas.

A portion of the proposed pipeline would also 
be located in an area that has been designated by 
the county as a Signifi cant Water Area. Section 
422-3.3 A.3 of Washington County’s Community 
Development Code allows for the installation or 
construction of the following utilities: sewer and 

water lines, electric, communication and signal 
lines; and gas distribution and transmission lines in 
Signifi cant Water and Wetlands and Wildlife Areas, 
therefore the proposed action appears consistent 
with Section 422.

The City of Newberg’s “Stream Corridor Overlay” 
would need to be addressed in response to the 
impacts caused by the pipeline route at the intake 
location. The intent of this overlay is to protect the 
integrity and natural habitats associated with the 
streams of the City of Newberg.

Consistency with Statewide and Local 
Planning Goals

The intent of Goal 5 is “To conserve open space and 
protect natural and scenic resources.” Washington 
County has adopted implementing ordinance 
language under Section 422 of their Community 
Development Code to allow for the installation of 
water lines. 

4.2.9 Recreation
This section describes the results of an assessment 
of the effects of a raise of Scoggins Dam on 
recreation at Hagg Lake. The effects of a 40-foot 
dam raise were examined in detail. The effects of a 
20-foot raise were approximated from the analysis 
of the 40-foot raise. The recreational effects of a 
pipeline from the Willamette River are expected to 
be negligible and consequently were not examined 
in detail. More detail on the recreational assessment 
can be found in the Technical Appendix.

Scoggins Dam Raise Options

Affected Environment

Scoggins Valley Park is operated and maintained by 
Washington County. The park and Hagg Lake offer 
a variety of recreational opportunities for visitors. 
Facilities include trails, parking lots, and other 
amenities. The County collects user entry fees and 
oversees concessionaires. Figure 4-16 shows the 
lake, the park and existing facilities at and around 
Hagg Lake. The park opens the fi rst weekend of 
March and remains open through the last weekend 
before Thanksgiving. Scoggins Valley Park does 
not offer overnight facilities. Park hours are from 
sunrise to sunset seven days a week. Visitors 
primarily use the park for water-based activities 
such as fi shing and motorized and non-motorized 
boating. Land-based recreational uses at Scoggins 
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Figure 4-16
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Valley Park include picnicking, mountain biking, 
hiking, bird watching, and “disc” golf. Individual 
and group picnic facilities are available.

Projected park attendance for the 2002 season 
is estimated at approximately 650,000 visitors. 
Because the majority of park visitors partake in 
water-based activities, park attendance is closely 
related to weather and water level. A recent survey 
by park staff indicates that Washington County 
residents account for approximately half of the park 
visitors, with the remainder travelling from areas 
outside of the county.

A perimeter road encircles Hagg Lake and provides 
access to a number of recreational facilities and 
private properties. The road has a paved bike lane. 
An 11-mile unpaved trail, suitable for hikers or 
mountain bikers, runs around the perimeter of the 
lake. There are two boat ramps in Areas A and C on 
the east and west sides of the lake, respectively.  

Four group picnic areas are located in the Scoggins 
Valley Park. Picnic areas contain barbecue pits, 
picnic tables, parking spaces, and restrooms. A total 
of 112 barbecue stands are available at the group 
picnic areas and at two other locations in the park. 
There are 135 individual picnic tables throughout 
the park. They are located in parking areas, the boat 
ramps, and in several less developed areas along 
the trail. Seven restroom facilities with potable 
water are located in six areas in the park. Parking 
areas are located throughout the park. Paved lots 
are located at the boat ramps and picnic areas. Auto 
parking, parking for vehicles with boat trailers 
and ADA-accessible parking spaces are available at 
the locations noted below. More primitive pullout 
areas are located at various places alongside the 
perimeter road. A detailed list of facilities is given 
in Table 4-25.

Table 4-25 Hagg Lake Recreational Facility Inventory

Area A Boat Ramp (4 acres) 

• boat ramp
• 1 restroom
• 10 barbecue stands
• 52 boat trailer parking spaces
• 20 auto parking spaces
• 3 ADA-accessible parking spaces
• 14 additional picnic tables
• 1 ADA-accessible picnic table

Area A West (2 acres) 

• 1 restroom
• 1 barbecue stand
• 9 boat trailer parking spaces
• 18 auto parking spaces
• 1 ADA-accessible parking spaces
• group picnic area with 6 picnic tables
• 6 additional picnic tables
• 1 ADA-accessible picnic table

Area A East (currently closed)

• 3 restrooms
• 129 parking spaces
• 8 picnic tables

Area C (38 acres)

• boat ramp
• 2 restrooms
• 48 barbecue stands
• 166 boat trailer parking spaces
• 146 auto parking spaces
• 16 ADA-accessible parking spaces
• group picnic area with 24 picnic tables and 6 food preparation tables
• 43 additional picnic tables
• 3 ADA-accessible picnic tables
• 200-foot long ADA-accessible fi shing pier 

Sain Creek Picnic Area (6 acres)

• 1 restroom
• 34 barbecues
• 104 auto parking spaces
• 6 ADA-accessible parking spaces
• group picnic area with 6 picnic tables and 2 prep tables
• pavilion with 12 picnic tables
• 29 additional picnic tables
• 5 ADA-accessible picnic tables

Scoggins Creek Picnic Area (2 acres)

• 1 portable restroom
• 14 barbecues
• 2 ADA-accessible parking spaces
• 12 picnic tables

Elks Picnic Area (6 acres)

• 1 restroom
• 5 barbecues
• 10 picnic tables

Miscellaneous (located in other areas in the park)

• 13 picnic tables
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Washington County park operations are managed 
from the administration and maintenance facility 
area. City water is supplied to recreational facilities 
in Area A. Two deep wells provide water to the 
west side of the park. Well water is treated at a 
treatment plant near Sain Creek and distributed to 
bathrooms and other facilities at Area C and the 
Sain Creek picnic area. Wastewater from permanent 
bathrooms at the park is routed to four septic tank 
and leach fi eld disposal systems. Power lines in the 
park are owned by West Oregon Electric Company 
and are primarily above ground.

Environmental Consequences

All recreation areas except Area A West would 
be completely or almost completely inundated. 
Facilities affected at each recreation area are 
shown in Figure 4-17. The 40-foot dam raise would 
inundate nine miles of the 11-mile master shoreline 
trail. Only short, isolated sections of the trail that 
are currently situated away from the shoreline (due 
to slope instability near the shore) would not be 
inundated.

In a typical year, the water level in Hagg Lake is 
at its maximum in the early summer.  As water 
is released for use during the summer and fall, 
the water level in the lake drops by up to 47 feet.  
Several hundred feet of unvegetated lake bottom 
becomes exposed around the perimeter of the 
lake during drawdown, reducing aesthetic values 
and the attractiveness of the lake to recreationists. 
If the dam is raised by 40 feet then the maximum 
drawdown in the lake may be 87 feet and the area 
of lake bottom exposed at the end of the summer 
would be approximately doubled. The adverse 
effect on aesthetic values would be increased. Some 
recreationists may be deterred from using the lake 
because of the increased visual impacts. Also, the 
vegetated shoreline would be less accessible during 
the low pool stage. 

Mitigation

If the dam were to be raised, then most of the 
recreational facilities may need to be replaced. In 
order to estimate the cost of replacement it was 
assumed that the replacement facilities would 

provide the same level of amenities as the existing 
facilities. However, because both Reclamation and 
Washington County are planning improvements at 
Scoggins Valley Park, the new facilities built after 
the dam raise may include some amenities that do 
not exist today.

A conceptual plan for replacement facilities was 
developed in coordination with Washington 
County. The plan is shown in Figure 4-18. Most 
of the master trail would be relocated along the 
new shoreline, and all recreation facilities other 
than Area A West would be relocated. The total 
area needed to provide one-to-one replacement for 
inundated recreational areas is shown in purple 
in Figure 4-18. Other potential sites for relocated 
recreational facilities are shown in pink. The other 
potential sites are shown in Figure 4-18 because 
design-level investigations may conclude that some 
of the preferred sites are unsuitable for recreational 
development due to issues such as slope instability. 

The estimated replacement costs for the 
recreational facilities is $9 million. The estimate 
includes a 15% allowance for contingencies and a 
20% allowance for engineering and construction 
supervision.  

The estimates are concept-level cost estimates 
because detailed layouts of the new facilities 
have not yet been made. The estimated costs 
do not include the costs of replacement of the 
administrative and maintenance facilities or 
the costs of relocating the perimeter road and 
associated power lines. A 40-foot dam raise 
would inundate part of the administration and 
maintenance facilities. 

No detailed estimate of the replacement costs 
for recreational facilities after a 20-foot raise of 
Scoggins Dam was made. A reasonable estimate 
for the replacement cost of recreational facilities 
after a 20-foot raise would be 80% of the estimated 
cost of replacement after a 40-foot raise, or 
about $7,000,000. No additional cost would be 
associated with replacement of administration and 
maintenance facilities because the 20-foot raise 
would not inundate these facilities. 
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Figure 4-17
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Figure 4-18
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