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 Date Event 

1895 -
1901 

April 17, 1895 and April 27, 1901.  The White River Power Company claimed water rights 
on the White River.  The claim was for year-round diversion of 2,000 cubic feet per 
second (cfs) from the White River. 

1902-03 
The White River Power Company and the Snoqualmie Falls Power Company jointly 
purchased a site on the White River for a hydroelectric project. 

1906 
The Seattle–Tacoma Power Company (a merged company that included the Snoqualmie 
Falls Power Company) purchased the assets of the White River Power Company for 
$1,250,000. 

1906 
A massive flood broke through the narrow barrier between the Stuck River and the White 
River, diverting most of the White River water southward. 

1908 
The Seattle-Tacoma Power Company quit-claimed and conveyed the lands formerly held 
by the White River Power Company to the Pacific Coast Power Company. 

1909-11 
The Pacific Coast Power Company built the White River Hydroelectric Project (Hydro 
Project).  The company joined four lakes (Lake Tapps, Lake Kirtley, Crawford Lake, and 
Church Lake) and built dikes to create Lake Tapps Reservoir.   

1910 

April 13, 1910.  An adjudicated case, Pacific Coast Power Company vs. Peter Quilquilion, 
addressed the Pacific Coast Power Company’s water right claim on the White River.  
Pierce County Superior Court issued a decree (No. 28120) that required the company to 
maintain instream flows of at least 30 cfs below the diversion dam. 

1913 

The Sumner Lumber & Shingle Company brought suit against the Pacific Coast Power 
Company, alleging that diverting water from the White River interfered with its ability to 
float logs from the wooded mountains to its downstream shingle mill.  The Washington 
Supreme Court ruled against the lumber company.   

1920 

Puget issued a souvenir edition of Hydro-Electric Development, an Illustrated Story of the 
Power Properties of the Puget Sound Power & Light Company, Showing How the Forces 
of Nature Have Been Harnessed and Made to Serve Useful and Productive Industry.  
This publication described the White River Station as the largest and most important of 
the company’s hydro-electric developments. 

1920 
1930 
1938 

In 1920, Congress established the Federal Power Commission (FPC) to coordinate 
hydroelectric projects under federal control.  The Federal Power Act of 1930, the Natural 
Gas Act of 1938, and subsequent acts gave the FPC authority to regulate the sale and 
transportation of electricity. 

1939 A rotating drum fish screen was installed near the intake structure.   
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 Date Event 

1948 

Mud Mountain Dam was completed.  The dam was constructed on the White River 
upstream of the Hydro Project to help control flooding.  The U.S. Army Corps of 
Engineers (USACE) began operating a trap and haul operation at the diversion dam to 
transport migrating salmonids upstream above the dam. 

1954 
June 22, 1954.  Puget sold the land around Lake Tapps Reservoir to the Lake Tapps 
Development Company, Inc.  Land use around Lake Tapps Reservoir began to transition 
from rural to residential. 

1964 Puget submitted a license application for the Hydro Project to the federal government. 

1972 Puget withdrew its 1964 application for a hydropower license.  

1977 

Congress reorganized the FPC as the Federal Energy Regulatory Commission (FERC).  
FERC’s responsibilities under the FPA include licensing or relicensing hydroelectric 
projects, overseeing all ongoing project operations, and monitoring environmental 
concerns. 

1977–78 
FERC reversed the 1976 findings of an Administrative Law Judge; FERC determined that 
the Hydro Project was located on navigable waters, and thus it had licensing jurisdiction 
(October 28, 1977).  FERC denied a rehearing on its order (August 9, 1978).   

1980 

The Washington State Department of Ecology (Ecology) adopted the Instream Resources 
Protection Program for the Puyallup River Basin including the White River, pursuant to 
the Water Resources Act of 1971.  The program specified minimum in-stream flows for 
the Puyallup River (Puyallup River minimum instream flows [MIFs]) but not for the White 
River.  The White River was closed to further consumptive appropriations per state 
regulation (WAC 173-510-040(3)). 

1981 

Puget challenged FERC’s order directing Puget to refile its application for a license to 
operate the Hydro Project.  The U.S. Court of Appeals for the Ninth Circuit decided that 
the White River, at the project site, was navigable as defined by the Federal Power Act; 
therefore, operation of the project required a FERC license. 

1983 
November 23, 1983.  Puget applied to FERC for an initial license for its existing and 
operating Hydro Project. 

1986 
Puget and the Muckleshoot Indian Tribe reached a settlement that required Puget to 
increase the amount of water it left in the White River from 30 cfs to 130 cfs.  

1992 

October 9, 1992.  FERC issued an Environmental Assessment (EA) for the Hydro Project.  
The EA described the analysis of several instream flow regimes and ramping rates, and 
recommended licensing the Hydro Project.  FERC considered recommendations it 
received from federal and state fish and wildlife agencies, but disagreed with them. 

1996 New fish screen facilities were constructed. 
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1997 

December 19, 1997.  FERC issued an original 50-year license to Puget for the Hydro 
Project, including authorization to install an additional 14,000-KW generating unit.  Puget 
filed for a rehearing with FERC on articles of the license related to enhancing salmon 
runs on the White River because Puget believed those conditions could make the plant 
uneconomic to operate. 

Late 
1990s 

The Save Lake Tapps Coalition, Friends of Lake Tapps, and Lake Tapps Task Force 
were formed. 

1999 
March 24, 1999.  NOAA Fisheries Service concluded that spring-run White River Chinook 
salmon should be listed as threatened under the Endangered Species Act (ESA). 

1999 
June 30, 1999.  FERC issued a 2-year stay in the license proceeding to allow Puget, 
state agencies, local governments, and public interest groups to resolve common issues 
relating to the plant’s continued operation and economics. 

2000 

Puget filed three applications with Ecology relating to the diversion and storage of water 
from the White River:  (1) S2-29920 for diverting 100 cfs average flow (72,400 acre-feet 
per year [afy]) and 2,000 cfs instantaneous; (2) S2-29934 for a daily peak of 150 cfs and 
daily average per year of 100 cfs not to exceed 72,400 afy from Lake Tapps; and (3) R2-
29935 for reservoir storage in Lake Tapps of 72,400 afy. 

2001 
August 7, 2001.  Puget and Cascade signed a Memorandum of Understanding (MOU); 
Puget agreed to work exclusively with Cascade for Cascade to acquire all of the rights 
that Puget obtained under its pending water rights applications.  

2001 
Cascade assumed lead agency status for undertaking a State Environmental Policy Act 
(SEPA) analysis of the proposed Lake Tapps Water Supply Project. 

2002 
October 8, 2002.  NOAA Fisheries provided a preliminary draft biological opinion, 
prepared in response to FERC’s request to initiate formal consultation under Section 
7(a)(2) of the ESA.   

2003 

Ecology, the Washington Department of Fish and Wildlife (WDFW), the Puyallup Tribe of 
Indians, and NOAA Fisheries Service submitted a recommendation to FERC as required 
under Section 10(j) of the Federal Power Act for FERC licensing.  This recommendation 
is referred to as the “Agency 10(j) Flows.” 

2003 
February 10, 2003.  Cascade published a SEPA environmental checklist for the proposed 
Lake Tapps Water Supply Project.  On February 13, 2003, Cascade issued a Mitigated 
Determination of Nonsignificance (MDNS) for the project. 

2003 
October 31, 2003.  NOAA Fisheries issued the Draft Biological Opinion and Magnuson-
Stevens Fishery Conservation and Management Act Consultation for the White River 
Hydroelectric Project. 

2003 
June 30, 2003.  Ecology issued a Report of Examination (ROE) granting Puget’s three 
applications for water rights.   
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2003 

November 2003.  Puget determined that it could no longer continue to economically 
operate the Hydro Project.  Puget’s decision was primarily due to the additional conditions 
specified in the license relating to the listings of two fish species under the Endangered 
Species Act. 

2003 
December 23, 2003.  Puget notified FERC that it rejected the 1997 license for the Hydro 
Project. 

2004 
January 15, 2004.  Puget ceased generating electricity at the Hydro Project.  Puget was 
actively seeking to sell the project to one or more entities interested in maintaining the 
reservoir for commercial purposes. 

2004 
January 16, 2004.  FERC rescinded the license (FERC Project No. 2494) issued to Puget 
on December 19, 1997. 

2004 
March 31, 2004.  Puget and Lake Tapps community representatives signed an 
agreement regarding reservoir management. 

2004 

July 2004.  Ecology’s June 2003 approval of Puget’s application for municipal water rights 
was appealed to the Pollution Control Hearings Board (PCHB) by the Puyallup Tribe of 
Indians, the Muckleshoot Indian Tribe, the City of Auburn, the City of Buckley, and others.  
The PCHB remanded the decision back to Ecology for further analysis of non-hydropower 
operations. 

2004 

Puget renewed its contract with USACE to maintain operation of the White River 
diversion dam to support [USACE’s] ongoing operation of its Mud Mountain Dam fish 
passage facilities. The agreement…directs [Puget] to operate the diversion dam in 
accordance with measures determined by federal agencies to be necessary to protect 
listed species and habitat. 

2005 
March 11, 2005.  NOAA Fisheries Service sent a letter to the U.S. Army Corps of 
Engineers that set new flows necessary to protect White River fisheries resources.  
These flows are referred to as the Modified 10(j) Flows. 

2005 
November 22, 2005.  Puget submitted an Application for Change in Water Right to add 
multiple purposes of use to Surface Water Claim 60822.   

2006 
September 22, 2006.  Ecology issued the Draft Report of Examination for Lake Tapps 
Reservoir Water Supply Project Application S2-29934.   

2008 
February 22, 2008.  Prior to the approval by Cascade’s Board of the Lake Tapps Asset 
Purchase Agreement, Cascade published an Environmental Checklist and SEPA MDNS 
for the Lake Tapps Reservoir Water Supply Project. 

2008 
March 26, 2008.  The Cascade Water Alliance Board of Directors approved the Lake 
Tapps Asset Purchase Agreement. 
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2008 

June 2008.  Cascade published the Lake Tapps Reservoir Issuance of New Municipal 
Water Rights and Change of Use for Existing Claim No. 60822 Determination of 
Significance and Request for Comments on Scope of Environmental Impact Statement 
and Environmental Checklist. 

2008 

August 6, 2008.  Cascade, the Muckleshoot Indian Tribe, and the Puyallup Tribe of 
Indians approved the White River Management Agreement (WRMA), which provides for 
the protection of fish, habitat, water supply, and recreation in the White River and Lake 
Tapps.   

2008 
August 6, 2008.  Cascade entered into the Lake Tapps Water Rights Settlement 
Agreement with the Muckleshoot Indian Tribe and the Natural Resources Enhancement 
Agreement with the Puyallup Tribe of Indians. 

2009 
May 13, 2009.  Cascade entered into the 2009 Agreement Regarding Lake Tapps 
Between Cascade Water Alliance and the Lake Tapps Community. 

2009 
October 26, 2009.  The Washington State Department of Ecology accepted the temporary 
donation of a portion of Puget’s Claim into the State Trust Water Rights Program. 

2009 
December 18, 2009.  The purchase and sale under the Asset Purchase Agreement was 
completed and Cascade became the owner of Lake Tapps Reservoir and associated 
facilities. 
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1.0 Background 
The purpose of this document is to summarize the methodology, data assumptions and 
results of a comprehensive water demand forecast for the Cascade Water Alliance 
(Cascade). 

The objective of this analysis was to forecast total water demand for the forecast period 
2010 to 2060 for the combined utilities of Cascade. The water demand forecast is 
designed to serve as a basis for supply and infrastructure decision making, as well as 
financial planning. In addition, the water demand forecast model will estimate and 
communicate effects from major sources of uncertainty to assist Cascade decision-
makers understand both the upside and downside risks in source and infrastructure 
planning. 

A water demand forecast model (demand model) was estimated based on water billing 
and production data, demographic and socioeconomic data, weather, and water 
conservation for the eight utilities within the Cascade service area:  

• City of Bellevue 

• Covington Water District 

• City of Issaquah 

• City of Kirkland 

• City of Redmond 

• Sammamish Plateau Water and Sewer District 

• Skyway Water and Sewer District 

• City of Tukwila 

A comprehensive database was developed, and organized into monthly time series 
(across historical years 1994 to 2008) and cross sectional (across utilities) data set. It 
should be noted that not all of the utilities had complete data from 1994 to 2008. 

Section 2 reviews common water demand forecasting approaches and discusses the 
method employed for the Cascade demand model. Section 3 reviews the data used to 
develop the demand model and generate the water demand forecast. Section 4 
presents the results of the statistical regression analyses, which serve as the basis for 
the demand model. Section 5 provides an overview of the water demand uncertainties, 
presents the demand forecast scenarios, and summarizes the demand forecast results.  
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2.0 Water Demand Forecasting Approach 
2.1 Overview of Different Demand Forecasting Methods 

Common approaches to forecasting water demands range from simple trend 
extrapolation to detailed econometric models (see Figure 1).  

Figure 1. Common Water Demand Forecasting Approaches 

 

The trend extrapolation method simply extends historical trends into the future. The 
advantage to this method is it is not time consuming to prepare and thus is very low cost 
to produce. The disadvantages are that it assumes the unlikely scenario that past trends 
carry into the future unchanged, it has no ability to “explain” water demands, and it 
cannot account for any changes in factors that influence demand, such as 
demographics or weather. 

The per capita demand forecasting method assumes population is the primary driver in 
determining future demand. The approach takes historical total demand divided by 
population to get per capita use and multiplies it by the projected population to calculate 
future demand. The advantage of this methodology is it is simple to understand and is 
relatively low cost to produce. The disadvantages are that demand does not always 
mirror population growth and demographic, socioeconomic, and factors other than 
population are not accounted for. 

A unit use methodology is more costly and complex than the two previous approaches. 
It is similar to the per capita method, but instead of a single population driver it uses 
multiple drivers to generate sector water demands (e.g., single-family, multifamily and 
non-residential). The unit use method involves dividing each sector’s water demand by 
the appropriate drivers (e.g. housing or employment) to calculate a per unit water 
demand value. Next, the unit use values are multiplied by the projected future number 
of units to derive a future unit use demand. The primary advantage of the unit use 
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methodology is that it allows for demand in each sector to be projected independently. 
The primary disadvantage is that important influencing factors such as weather, income, 
and price of water are not incorporated into the demand forecast.  

A modified unit use methodology, such as the one used for the Central Puget Sound 
Water Supply Forum’s 2009 Regional Water Supply Outlook (2009 Outlook), 
applies factors from other empirical studies of water demands to adjust or modify the 
unit use rates over time to account for weather, income and price of water impacts. 

As decisions regarding development of new water supplies and infrastructure become 
more complex and costly, many utilities across the country are seeing value in moving 
towards more sophisticated approaches for forecasting water demands.  These 
econometric methods start with empirical statistical analysis of historical water demands 
and the factors known to influence water use.  Then they use Monte Carlo simulation of 
key variables in order to produce a statistical range in water demands, which can help 
decision makers understand uncertainty and the implications of their planning. 

To determine the most effective water demand forecasting method, three primary 
factors should be examined. First, what are the goals and objectives of the forecast? To 
answer this question one must understand the information needed by the planners or 
decision-makers as well as the ramifications of the decisions. Second, is there adequate 
data availability? This requires understanding what data is available, its quality, and the 
models the data will support. Finally, what are the budget and resources available? In 
order to select the proper forecasting methodology the financial constraints as well as 
the project schedule must factor into the decision. 

2.2 Recommended Water Demand Forecasting Method for Cascade 

Based on the importance of the decisions being made by Cascade, the availability of 
data, and the fact that much of the information from key utilities had already been 
collected for the 2009 Outlook, CDM recommended that the econometric water 
demand approach with uncertainty analysis be used to develop the water demand 
forecast. 

An econometric approach statistically correlates sector water demands with factors that 
influence those demands. The econometric model relies on regression analysis to 
compute coefficients or elasticities that describe how water use is influenced by a 
number of explanatory variables (such as weather, price of water, income, etc). For 
each explanatory variable, elasticity is statistically estimated. For example, a price 
elasticity of -0.10 implies that a ten percent increase in the real price of water will result 
in a one percent decrease in water demand.  

The following is an example of an equation used to calculate sector water demand using 
an econometric approach: 

E(y) = a + b1x1 + b2x2 + bnxn 
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Where: 

E(y) = the expected value of dependent variable (y) as estimated by the function 

a = intercept, or the value of (y) when x = 0 

b = coefficient of x, or the change in y given a change in x 

x = value of the independent variable 

Based on the available data, two statistical models would be generated, one for 
combined residential (single-family and multifamily) and one for non-residential.  The 
reason for combining single-family and multifamily into one combined model is because 
the utilities had very different definitions of what constituted multifamily. The 
independent variables would therefore be: 

• Residential Water Use (gallons per household per day) 

• Non Residential Water Use (gallons per employee per day) 

The explanatory variables that the statistical model will find relationships to water use 
are: 

• Weather (temperature and precipitation) 

• Income 

• Price of Water 

• Mix of Single-Family and Multifamily Households 

• Mix of Industrial (Manufacturing) Employment 

• Monthly Binary Variables to Capture Seasonal Variability  

• Passive Conservation (that which has occurred from state plumbing codes) 

• Active Conservation (that which utilities have implemented) 

3.0 Data Sources and Assumptions 
A database was built containing data for monthly production, billing, maximum 
temperature, precipitation, the number of single-family households served, the number 
of multi-family households served, employment, median household income, 
employment mix, marginal price, passive conservation, and active conservation for each 
of the eight utilities from 1990 to 2008 where data was available. 
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3.1 Water Production and Billing Data 

Water billing and production data availability was not uniform for all CWA members. 
Billing and production data was collected by HDR from a variety of sources, including a 
Cascade utility survey, Seattle Public Utilities, and the Cascade Water Alliance.  

Water production data was organized according to the source of the water. Data for 
water purchases from the Cascade Water Alliance/Seattle Public Utilities dated back to 
1990 for some utilities and monthly data was complete across all utilities, where 
applicable, for the years 2000 to 2008. One utility, Covington, did not directly purchase 
water from Cascade Water Alliance/Seattle Public Utilities from 1990 to 2008. 

Water production data from independent supplies was available beginning in 1990 for 
some utilities and was complete for all applicable utilities from 1995 to 2008. Three 
utilities, Bellevue, Kirkland, and Tukwila, did not acquire any water from independent 
supply production during the period 1990 to 2008. 

Water billing data varied among Cascade Members. Monthly billing data supplied by 
Seattle Public Utilities was the primary source of data from 1994 to 2003 for the 
following utilities: Bellevue, Kirkland, Redmond, Skyway, and Tukwila. Complete 
monthly billing data was available for all utilities from 2006 to 2008.  

Cascade utilities utilize bi-monthly customer billing cycles which involve reading 
customer meters at approximately one-month-long time intervals that overlap with two 
consecutive calendar months. A data smoothing technique was therefore needed in 
order to generate monthly water consumption. The following formula was used to 
estimate the monthly consumption during a particular month ( ) based on bi-monthly 
billing data: 

 = (0.25* )+(0.5* )+(0.25* ) 

Where: 

  = estimate of water consumed during month N 

= estimate of water billed during month N 

3.2 Weather 
Base year and the historical normal monthly values for average maximum temperature 
and precipitation are used in forecasting future water use. Two weather stations, 
SeaTac and Landsburg, where used to represent the Cascade region.  SeaTac weather 
data dated back to 1949, while Landsburg data dated back to 1931. Figure 2 presents 
the long-term normal values for average maximum temperature for the two weather 
stations, while Figure 3 presents the long-term normal values for precipitation. 
Temperature between the two stations is nearly the same, while precipitation is 
significantly higher for Landsburg. 
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Figure 2. Long-Term Normal Average Maximum Temperature  
for Sea Tac and Landsburg Weather Stations 

 
 

Figure 3. Long-Term Normal Precipitation  
for Sea Tac and Landsburg Weather Stations 

 
 

 
Cascade utilities were assigned to a particular weather station based on geographic 
proximity to a station. Table 1 lists the assignment of utilities to weather stations.  
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Table 1 
Cascade Utility Weather Station Assignments 

SeaTac Weather Station Utilities Landsburg Weather Station Utilities 
Bellevue Covington 
Kirkland Issaquah 

Redmond Sammamish Plateau 
Skyway  
Tukwila  

Temperature and precipitation are strong explanatory variables in predicting water use. 
Greater temperatures and lower precipitation results in greater water demands due to 
greater irrigation use and higher process water for industrial and commercial users. 

3.3 Demographic and Socioeconomic Data 

Demographic data used in the development a water use forecast for Cascade was 
obtained from the Puget Sound Regional Council (PSRC) from 2000 to 2040. PSRC 
produces historical and projected demographics at the Traffic Analysis Zone (TAZ) 
level. A TAZ is an area delimited by a state and/or local transportation official for 
tabulating traffic and planning related data. A TAZ typically consists of one or more 
census blocks, block groups, or census tracts.  CDM aggregated TAZ level data to each 
of the Cascade utilities using GIS.  Utility boundaries were overlaid against the TAZ 
boundaries, along with land use data, in order to determine which demographics 
corresponded to each of the eight Cascade utilities.   

Because of the desire to produce a 50-year water demand forecast, CDM extended 
PSRC demographic projections from 2040 to 2060 using linear extrapolations.  Table 2 
presents the baseline projections of demographics for the Cascade service area. 

Table 2 
Baseline Projections of Demographics for Cascade 

      Households   Employment 
Year Population Total Single Family Multifamily Total Industrial 
2007 357,059 144,481 96,144 48,337 338,152 35,695 
2010 371,753 151,150 99,721 51,429 354,101 34,096 
2020 423,808 178,798 113,220 65,578 414,296 29,886 
2030 465,382 203,705 124,146 79,559 468,547 26,563 
2040 507,661 229,508 135,666 93,842 511,342 24,322 
2050 554,181 259,387 148,547 110,840 567,427 22,272 
2060 605,408 294,074 162,979 131,095 620,523 20,865 
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Population 

Although population as an independent variable is not used to predict water demands 
using the econometric approach, it is an important driver of other variables such as 
households and employment.  The base year (2007) total population for the eight 
member utilities was 357,059. The utility with the largest population was Bellevue with 
134,221 people, followed by Redmond with 54,811 people. Tukwila had the smallest 
population in 2007, at just over 7,000 people.  

Population is projected to increase to over 605,000 by 2060, representing an average 
annual growth rate of 1.3 percent. 

Households Served 

The number of households served water by Cascade utilities is an important forecast 
driver for future residential water use. Total households are projected to increase from 
144,418 in 2007 to just over 294,000 by 2060, representing an annual growth rate of 1.9 
percent.   

Because single-family homes use more water than multifamily homes, it was also 
important to track the growth between single-family and multifamily households. Single-
family households are expected to increase at an annual rate of 1.3 percent, while 
multifamily households are expected to increase at an annual rate of 3.1 percent 
(almost double that of single-family). 

Employment 

Total employment is the forecast driver non-residential water use. Total employment in 
the Cascade service area in the base year (2007) is estimated to be 338,152 (or 94 
percent of the total population).  This does not mean that 94 percent of people living in 
the Cascade service area are employed.  The Cascade service area is rich in 
employment opportunities, with many corporations and industry located here.  People 
commute from Seattle, and from other counties such as Snohomish and Pierce, to work 
in Cascade’s service area. 

Employment is in the area is projected to increase to just over 620,000 by 2060, 
representing an annual growth rate of 1.5 percent.  But because industrial 
establishments use more water than commercial/institutional establishment, it was 
important to track industrial employment as well.  Due to the changing economy of the 
region and the loss of many heavy manufacturing, industrial employment is projected to 
decrease by 42 percent by 2060 from the current level of 36,000.    

Income 

Household income is an important explanatory variable for predicting water demand. 
Empirical studies across the country for the last 20 years indicate as real (above 
inflation) incomes go up, so does residential water demand. Homes with greater 
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incomes tend to have bigger yards, irrigate more, have more water using fixtures and 
use those fixtures with greater frequency.  

To generate household income for each of the eight utilities, CDM first used the 
historical PSRC household income data by quartile.  Using this quartile data, CDM 
estimated the median household income for each utility in 1990 (adjusted to year 2000 
dollars).  This information was used to get an accurate spatial (across utility) 
representation of income.   

To generate historical income growth from 1990 to 2008, CDM used the personal 
income data for King County generated by the Washington State Office of Financial 
Management.  This data was adjusted to reflect real income in year 2000 dollars.  The 
real growth rates in personal income were then applied to the 1990 household income 
by utility in order to get utility specific income data. Figure 4 shows the real income 
growth for the aggregate of the Cascade utilities from 1990 to 2008. From 1990 to 2000, 
real income grew by 3 percent, or just under 0.3 percent annually.  This was considered 
to be a period of average economic growth according to the Office of Financial 
Management.  From 2001 to 2008, real income only grew by 0.1 percent.  This period 
was considered to be poor in terms of overall economic growth. Although population 
and employment continued to increase during this time, wages and the loss of 
manufacturing in the region produced stagnant income growth. 

Figure 4. Annual Changes in Real Household Income for Cascade Service Area 
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Since no localized projections of personal or household income were available, CDM 
made baseline assumptions regarding real income growth into the future based on the 
historical income.  From 2010 to 2020, the assumed real increase in income for the 
Cascade service area is 0.2 percent annually.  After 2020, the assumed real increase in 
income will increase 0.4 percent annually by 2060.   

Price of Water 

The price of water at the margin is another explanatory variable in predicting both 
residential and non-residential water use.  Empirical studies in the last 30 years indicate 
that as real marginal price increases, water use tends to decrease. The marginal price 
of water is determined by the commodity charge to the average customer for water and 
sewer service. It is an explanatory variable input into the database to forecast both 
residential and non-residential water demand. Each Cascade utility sets its own pricing 
structure with the marginal price of water based on the amount of water consumed per 
account. Pricing structures vary among Cascade utilities. Most have implemented block 
rate structures whereby the per unit price of water increases as water use increase. 
Some utilities also employ a higher per unit charges during the summer season as a 
way to conserve water during times of peak usage. One utility, Tukwila, implements 
neither a block rate structure, nor a summer season rate. 

All Cascade utilities base their water pricing structures on the charge per hundred cubic 
feet (ccf) of water. To calculate the marginal price of water for a particular utility during a 
particular month, the water use factor (gallons per day per household/employee) was 
converted to hundred cubic feet per month. 

For the purposes of this forecast the residential marginal price of water was determined 
using the mean water use factor for single family and multi-family household 
consumption. The mean single family water use factor was approximately 200 gallons 
per day (8.1 ccf per month). The mean multifamily water use factor was approximately 
120 gallons per day (5 ccf per month). The non-residential marginal price was based on 
the per unit charge for the highest tier of use or the per unit charge in the absence of a 
tiered water pricing structure.  

Marginal price data was converted to year 2000 dollars using the monthly Consumer 
Price Index (CPI). The real dollar amount, used to account for inflation, was calculated 
for the marginal price data and entered into the database for each utility for each month. 

To calculate a residential marginal price for each utility, the single family and multi-
family marginal price for each month was weighted by the number of single family and 
multifamily households respectively for each month and for each utility. Next, the base 
year marginal price was weighted by total households served across all utilities for each 
month to get an overall Cascade residential marginal price for each month. Finally, the 
twelve month baseline year marginal price average was calculated and used as the 
baseline year residential marginal price.  
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To project real increases in the marginal price of water, financial data and projected 
costs for Cascade were used.  The demand model assumes a 1.4 annual percent 
increase in real marginal price for both the residential and non-residential sectors for the 
period 2007 to 2015. A 2 percent annual increase in marginal price is assumed from 
2015 to 2025. A 1 percent annual increase in marginal price is assumed from 2025 to 
2035. A 0.5 percent increase in marginal price is assumed from 2035 to 2050. The 
demand model assumes no real increases in price from 2050 to 2060. 

3.4 Water Conservation 

Passive Conservation 

In 1992 Congress passed the Energy Policy Act of 1992 which, among other measures, 
set maximum flow rates for toilets, urinals, showerheads, and faucets sold in the United 
States. To estimate passive water conservation, the ratio of post 1992 households to 
total households was used.  The theory is that newer homes will use less water than 
pre-1992 homes.  By 2007, the percentage of post-1992 households was estimated to 
be 65 percent.  Assuming remodeling rates and useful life of plumbing fixtures, it is 
estimated that 100 percent of households in Cascade’s service area will be compliant 
with the 1992 plumbing codes by 2060.   

Active Conservation 

Active water conservation data was collected from individual utility water plans. For the 
water demand model, a variable called active conservation was created that reflected 
the number of residential and non-residential active conservation programs being 
implemented from 1994 to 2008.   

Future levels of water conservation were based on active water conservation that 
Cascade is implementing currently (see Figure 5).  This future active conservation is 
expected to increase from the current (2007) levels of 0.5 million gallons per day (mgd) 
to 6.1 mgd by 2060.  This is considered in the demand forecast as a baseline level of 
active conservation.  More aggressive conservation beyond these levels are evaluated 
as future water supply options for Cascade. 

3.5 Non-Revenue Water 

Non-revenue water is that which is not billed to water customers. It can represent water 
for fire protection, system flushing of mains, unaccounted water, and system losses.  
Non-revenue water was estimated by taking the difference between total water 
production and total water consumed (or billed).  Using the utility data from 1994 to 
2008, the weighted average non-revenue water was estimated to be 7.4 percent of total 
water production.  This number is about average for utilities in the western United 
States. For forecast purposes, it is assumed that the non-revenue water will remain at 
7.4 percent through 2060. 
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Figure 5. Projected Levels of Baseline Water Conservation for Cascade 

 

4.0 Econometric Models for Cascade Forecast 
To calculate the explanatory variable coefficients, a multivariate regression analysis was 
run using Statistics Analysis Software (SAS) to produce a model for both the residential 
and non-residential sectors. A log model was estimated to improve the overall fit of the 
data. In a log model, all variables represent the natural log of the raw data. The use of 
log variables is common practice in estimating econometric models. 

 The explanatory variable coefficients (or elasticities) derived from these statistical 
models will result in changes to per household and per employee water use rates over 
time.  These modified use rates will then be multiplied by the number of projected 
households and employees (drivers) to determine the residential and non-residential 
water demands. 

4.1 Residential Model 

The baseline forecast utilizes a combined single family and multi-family residential 
model. The dependent variable for the model is the log of monthly residential household 
water use (gallons per home per day). Table 3 presents the estimated residential model, 
based on 924 observations derived from data from 8 member utilities. The model 
explains approximately 76 percent of the variation in water use among the residential 
water use observations.   
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Table 3 
Residential Water Demand Statistical Regression Model 

Number of Observations 924

Adj. R-Square 0.765

Explanatory Variables 
Parameter 
Estimate 

Standard 
Error 

t 
Value Pr >t 

Intercept -0.6036 0.3654 -1.65 0.0989

January Indicator (0/1) 0.0342 0.0168 2.04 0.0421

February Indicator (0/1) 0.0274 0.0164 1.67 0.0957

April Indicator (0/1) 0.3964 0.0164 2.41 0.0160

May Indicator (0/1) 0.1154 0.0164 7.02 <.0001

June Indicator (0/1) 0.2675 0.0165 16.25 <.0001

July Indicator (0/1) 0.3776 0.0166 22.77 <.0001

August Indicator (0/1) 0.4335 0.0169 25.70 <.0001

September Indicator (0/1) 0.3254 0.0166 19.63 <.0001

October Indicator (0/1) 0.1708 0.0166 10.32 <.0001

November Indicator (0/1) 0.0415 0.0168 2.46 0.0140

Departure of log Precipitation from long-term -0.0111 0.0058 -1.92 0.0546

Departure of log Maximum Temperature from 0.4506 0.1028 4.38 <0.001

log Percent Multifamily Households to Total -0.1913 0.0095 -19.1 <.0001

log Median Household Income (year 2000 dollars) 0.4947 0.0339 14.59 <.0001

log Marginal Price of Water (year 2000 dollars) -0.0404 0.0047 -8.67 <.0001

log Passive Conservation Indicator (% new homes -0.0728 0.0386 -1.89 <.0594

log Active Residential Conservation (# of -0.0309 0.0054 -5.75 <.0001
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All of the variables in the model had the expected correct signs and were significant at 
the 10 percent level, with many of the variables significant at the one thousand of one 
percent level. 

The weather components of the model include a monthly binary, the monthly 
precipitation departure from normal, and the monthly maximum temperature departure 
from normal. The monthly binary variables capture the effects of seasonality on 
residential water use. The binary variables for March and December were not significant 
and thus excluded from the model.  

The demographic component of the residential model consists of a single variable, 
percent of total households that are classified as multifamily. This variable captures the 
effect of multi-family residential water use on the variation in total residential water use. 
The coefficient indicates that a one percent increase in the percent of multifamily 
households is estimated to produce a 0.19 percent decrease in residential water use. 

The socioeconomic component of the model consists of two variables, median 
household income and marginal price. According to the model, median household 
income is the strongest indicator of the variation in residential water use. A one percent 
increase in median household income is estimated to lead to a 0.49 percent increase in 
residential water use. The marginal price variable is also a significant explanatory 
variable. The marginal price coefficient indicates that a one percent increase in price is 
estimated to produce a 0.04 percent decrease in residential water use. 

The passive conservation indicator and the active conservation indicator are the two 
explanatory conservation variables in the residential model. Each of the two variables is 
statistically significant and both had the correct sign. A one percent increase in the 
passive conservation indicator is estimated to produce a 0.07 percent decrease in 
residential water use. A one percent increase in the active conservation indicator is 
estimated to produce a 0.03 percent decrease in residential water use. 

4.2 Non-Residential Model 
 

Table 4 presents the water demand model for the non-residential sector. The model is 
based on 910 observations and the four explanatory variables explain about 44 percent 
of the variation in water use among non-residential water use observations. All variables 
were significant and had the correct anticipated sign. 
 
The socioeconomic component of the model is the marginal price variable.  The model 
estimates show that a one percent increase in the non-residential marginal price of 
water is estimated to reduce non-residential water use by about 0.17 percent.  
 
The demographic component of the model is the ratio of manufacturing employment to 
total employment. The manufacturing ratio is equal to the total number of manufacturing 
employees for a given month divided by the total number of employees for that month. 
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The model shows that a one percent increase in the manufacturing employment ratio is 
estimated to increase non-residential water use by almost 0.21 percent. 
 
The observed maximum temperature is the explanatory weather variable in the non-
residential model. The model shows a very strong relationship between maximum 
temperature and non-residential water use. The observed maximum temperature 
coefficient implies that a one percent increase in maximum temperature is estimated to 
produce a 1.4 percent increase in non-residential water use. 
 
The conservation explanatory variable in the model is the count of active non-residential 
conservation programs. The model shows that a one percent increase in the number of 
active non-residential water conservation programs is estimated to produce a 0.05 
percent decrease in the non-residential sector gallons per day. 
 

Table 4 
Non-Residential Water Demand Model 

Number of Observations 910

Adj. R-Square 0.4444

Explanatory Variables Parameter 
Estimate 

Standard 
Error 

t 
Value 

Pr > 
│t│ 

Intercept -1.7232 0.2918 -5.91 <.0001

log Marginal Price of Water (year 2000 dollars) -0.1757 0.0132 -13.27 <.0001

log Manufacturing Employment Ratio (% to 
total) 

0.2147 0.0135 15.89 <.0001

log Maximum Temperature 1.4589 0.0715 20.41 <.0001

log Active Non-Residential Conservation (#  of 
programs) 

-0.0495 0.0180 -2.75 0.0060

 
4.3 Demand Model Verification 

In order to test the overall accuracy of the combined residential and non-residential 
demand models, actual weather data and demographic data was input to the model for 
2007. Then the results of the models were compared to actual water consumption for 
2007.  Figure 6 presents this comparison.  As shown, the empirical demand models 
represent actual water consumption fairly well. Overall, the model error is approximately 
6 percent. 
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Figure 6. Comparison of Demand Model Results to Actual Consumption for 2007 

 

5.0 Water Demand Forecast 
5.1 Uncertainty Approach and Assumptions 

CDM developed a spreadsheet tool to forecast water demands, using the econometric 
models described in Section 4, along with projected demographic drivers and projected 
explanatory drivers.  The software package called @Risk, which works in MS Excel, 
was utilized to produce probabilistic ranges in the demand forecast based on key 
uncertainties.  For those variables that wish to be evaluated in terms of uncertainty, 
@Risk produces probability distribution function (PDF) using Monte Carlo simulation.  
Monte Carlo simulation involves random draws from either a predetermined range of 
data or estimated range of data using a selected distribution type (e.g., normal 
distribution, triangular, or skewed). @Risk also allows for correlations between certain 
variables to be estimated, which can impact the range of outputs.  For example, 
temperature and precipitation are correlated (meaning when temperature increases, 
precipitation tends to decrease).   

The variables that were included as part of the uncertainty analysis of water demand 
included: 

1. Number of Households – Alternative PSRC demographic forecasts were used to 
establish lower and upper bound estimates, and @Risk was used to generate a 
normally distributed sample. 
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2. Total Employment – Alternative PSRC demographic forecasts were used to 
establish lower and upper bound estimates, and @Risk was used to generate a 
normally distributed sample. 

3. Weather – Historical weather for the years 1949 to 2007 were used to generate a 
distribution of temperature and precipitation.   

4. Price of Water – Upper and lower ranges around the baseline projection of 
marginal price of water were established by CDM, using professional judgment, 
and @Risk was used to generate a normally distributed sample. 

5. Household Income – Upper and lower ranges around the baseline projection of 
household income were established by CDM, using professional judgment, and 
@Risk was used to generate a normally distributed sample. 

Table 5 presents the projected ranges for these variables. 

In addition, several alternative scenarios were tested as sensitivity in the water demand 
forecast: 

Climate Change Scenario 
In 2006, King County formed the Climate Change Technical Committee, made up of 
participants from King County, Seattle Public Utilities, Cascade Water Alliance, and 
other members.  A technical report was generated that summarized a process used to 
select a represented sample from a dozen global circulation models and carbon 
emission scenarios.  This sample of climate change was also used for the 2008 
Regional Municipal Water Supply Outlook.   The three represented climate change 
scenarios are: 

a. GISS_ B1:  “warm” regional climate change scenario with nearly the 
smallest increase in temperature, and nearly the largest decrease in 
precipitation 

b. ECHAM5_A2: ”warmer” regional climate change scenario with mid-range 
increases in both temperature and precipitation 

c. IPSL_A2:  “warmest” regional climate change scenario with large increase 
in temperature, and nearly the largest increase in precipitation 

@Risk was then used randomly select from these three climate change scenarios in 
order to produce future estimates of temperature and precipitation.  Table 6 presents a 
summary of how July temperature and annual precipitation change as a result of 
potential climate change. 
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Table 5 
Ranges in Demographic, Socioeconomic and Weather Data 

 Used for Uncertainty Analysis of Water Demand 

 
Table 6 

Projections of Temperature and Rainfall Based on Climate Change Scenarios 

Year Min Value Mean Value Max Value Min Value Mean Value Max Value
2010 148,183             151,638               155,091               349,125               354,060               358,994                
2020 172,684             178,936               185,187               405,691               414,739               423,783                
2030 192,548             203,242               213,931               449,985               468,082               486,172                
2040 214,573             229,378               244,179               483,611               511,582               539,538                
2050 237,776             259,161               280,542               525,696               561,888               598,073                
2060 265,114             294,722               324,325               571,551               620,908               670,242                

Year Min Value Mean Value Max Value Min Value Mean Value Max Value
2010 $2.44 $2.47 $2.50 $72,668 $72,997 $73,326
2020 $2.76 $2.92 $3.08 $73,462 $74,285 $75,107
2030 $3.15 $3.38 $3.61 $74,518 $76,163 $77,807
2040 $3.19 $3.65 $4.11 $75,517 $78,479 $81,439
2050 $3.17 $3.75 $4.33 $76,828 $81,270 $85,711
2060 $3.06 $3.75 $4.44 $77,743 $84,159 $90,573

Month Min Value Mean Value Max Value Min Value Mean Value Max Value
Jan 21.6                   43.6                     64.8                     2.3                       6.6                       11.6                      
Feb 35.5                   48.7                     61.3                     1.7                       4.7                       8.9                        
Mar 34.7                   51.1                     67.0                     1.5                       4.3                       7.0                        
Apr 44.9                   57.5                     79.4                     1.1                       3.3                       5.6                        
May 56.5                   64.4                     91.7                     0.6                       2.3                       4.0                        
Jun 56.7                   69.4                     83.7                     0.2                       2.0                       3.8                        
Jul 61.0                   75.2                     88.9                     0.0                       1.0                       2.4                        
Aug 54.8                   74.7                     95.3                     0.2                       1.4                       3.7                        
Sep 57.5                   69.6                     81.4                     0.2                       2.1                       4.9                        
Oct 53.8                   59.6                     65.0                     1.0                       4.0                       8.2                        
Nov 41.1                   50.3                     60.4                     1.9                       6.5                       11.2                      
Dec 33.3                   44.7                     55.8                     2.9                       6.6                       10.3                      

Ave/Total 46.0                   59.1                     74.6                     13.7                     44.8                     81.5                      

Real Price of Water ($/HCF)

Number of Total Households

Average Monthly Max. Temperature (oF)

Total Employment

Real Household Income

Monthly Precipitation (inches)

Year Low Scenario Av. Scenario High Scenario Low Scenario Av. Scenario High Scenario
Current 75.2                   75.2                     75.2                     44.8                     44.8                     44.8                      

2020 77.8                   78.1                     78.4                     45.0                     47.2                     49.3                      
2040 78.7                   79.0                     79.5                     45.3                     47.8                     50.2                      
2060 79.1                   81.1                     81.3                     45.8                     48.5                     51.1                      

Average Max. July Temperature (oF) Mean Annual Precipitation (inches)
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Regional Demand Contingency 
One variable that Cascade wanted to test was regional demand contingency. This 
variable estimates the potential impact of additional demands for Cascade due to: (1) 
local supplies of water systems outside the eight Cascade members are compromised 
by contamination or regulatory actions; (2) Climate change leads to higher than 
expected demand throughout the region or reduced yield of existing regional or local 
supplies for water systems outside the eight Cascade members; or (3) growth in 
demand of local water systems not served by a regional supplier exceeds the capacity 
of local supplies.  Any of these scenarios (or a combination of all three) could lead water 
systems in the region to request supplies from Cascade.  This would represent an 
additional demand on top of the demands forecast by the econometric models 
discussed above.  Therefore a demand contingency of 10 mgd was identified.  The 
lower range of this regional demand contingency was set to 0 mgd, while the upper 
range was set at 20 mgd.  A triangular distribution was assumed using @Risk to 
generate a sample.  Table 7 presents the regional demand contingency.  
 

Table 7 
Regional Demand Contingency (mgd) 

Year Low Range Average Range High Range 

2010 0.0 0.0 0.0 

2020 0.0 0.0 0.0 

2030 0.0 0.3 2.5 

2040 0.0 3.5 8.7 

2050 0.0 6.8 14.0 

2060 0.0 10.0 20.0 

 

5.2 Demand Forecast Scenarios and Results 

Working closely with Cascade, CDM developed three demand forecasting scenarios: 

1. No climate change and no regional contingency water demands 

2. With climate change and no regional contingency water demands 

3. With climate change and with regional contingency water demands 

For each of these demand forecast scenarios, a range of water demand forecasts are 
produced by the @Risk model.  Table 8 summarizes the mean (or average) value of 
water demands for the three scenarios. 
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Table 8 
Mean Water Demand Forecast Results (mgd) 

Demand Forecast Scenario 2010 2020 2030 2040 2050 2060 

No climate change, no regional 
demand contingency (baseline) 40.33 43.01 47.87 52.18 57.98 65.60 

With climate change, no 
regional demand contingency 41.16 44.13 49.35 54.05 60.31 68.87 

With climate change, with 
regional demand contingency 41.18 44.14 49.69 57.62 67.13 78.87 

 
Climate change alone adds approximately 3 mgd of water demand to the baseline 
forecast scenario by 2060, while regional contingency alone adds 10 mgd of water 
demand by 2060.  Table 9 presents the full range of water demand forecasts.  The 95% 
level represents the demand which is expected to be exceeded 95 percent of the time, 
while the 5% level represents the demand which is expected to be exceeded 5 percent 
of the time. 

Table 9 
Full Range of Water Demand Forecast Results (mgd) 

min 95% mean 5% max
2010 37.75 39.29 40.33 41.39 43.49
2020 39.36 41.52 43.01 44.50 46.93
2030 42.51 45.52 47.87 50.23 53.69
2040 43.75 48.93 52.18 55.41 60.23
2050 46.42 53.39 57.98 62.58 69.72
2060 51.47 59.27 65.60 72.11 80.93

min 95% mean 5% max
2010 38.56 40.08 41.16 42.26 44.74
2020 40.20 42.62 44.13 45.67 48.06
2030 43.51 46.95 49.35 51.80 55.33
2040 45.43 50.71 54.05 57.41 62.28
2050 49.55 55.65 60.31 65.05 71.52
2060 53.55 62.25 68.87 75.57 85.26

min 95% mean 5% max
2010 38.67 40.10 41.18 42.28 44.74
2020 40.39 42.61 44.14 45.71 48.06
2030 44.34 47.25 49.69 52.13 55.33
2040 47.71 53.49 57.62 61.77 67.12
2050 52.84 60.58 67.13 73.75 81.76
2060 57.59 69.38 78.87 88.44 99.40

No Climate Change, No Regional Demand Contingency

With Climate Change, No Regional Demand Contingency

With Climate Change, With Regional Demand Contingency

Year

Year

Year
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Figures 7 through 9 present the full range in water demand forecasts for the three 
scenarios.  The shaded area in these figures represents the entire range of the forecast, 
while the 95% and 5% exceedance represent the demands that could be exceeded 95 
percent of the time or 5 percent of the time, respectively.  As shown, the 95% and 5% 
exceedance forecasts are much tighter than the full range (shaded area). This is due to 
the normal (or bell shaped) distribution that is assumed for the demand drivers and 
explanatory variables shown in Table 4.  Normal distributions assume that the bulk of 
the outcomes are clustered closer to the mean, and that the tails of the distribution are 
less probable. 

Figure 7. Demand Forecast: No Climate Change, No Regional Contingency 
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Figure 8. Demand Forecast: With Climate Change, No Regional Contingency 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Demand Forecast: With Climate Change, With Regional Contingency 
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6.0 Conclusion 
The comprehensive water demand forecast for Cascade indicates that the most likely 
range (90% confidence) without climate change or regional demand contingency is 
between 60 and 72 mgd by 2060.  This range increases to 62 to 76 mgd by 2060 if 
climate change materializes as depicted in the three possible climate change models 
used in this study (note, there are approximately a dozen climate models vetted by the 
scientific community).  When climate change and regional contingency are included, the 
most likely range in water demands is 69 to 88 mgd by 2060.   

Also, it is important to understand that these statistical ranges in demand forecasts are 
based on a set of assumptions regarding data inputs.  The range in data inputs may not 
reflect the entire possibility of outcomes. CDM relied on the best planning information 
available in setting these ranges, and only used professional judgment when planning 
information was not available.  It is strongly recommended that these data inputs be 
revisited at least every 5 years in order to evaluate the short and long term trends of 
demographics, income and price of water.  In addition, as future water conservation 
programs are implemented in the region, water usage may change (possibly 
dramatically).  Therefore, Cascade should continue to monitor water demand trends in 
the service area.   
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1.0 Introduction 

1.1 Purpose 

Cascade Water Alliance (Cascade) is reviewing water supply needs and plan for necessary 
infrastructure projects.  One key aspect of the plan is the evaluation of various water supply 
options to meet current and projected water demands.  Guiding this evaluation is a set of goals 
that were established by Cascade during a Planning Objectives Workshop held on February 5, 
2009.  The planning goals are: 

• The plan should identify a viable portfolio of water sources that can provide Cascade 
with secure and reliable water supplies through at least the year 2050.  A broad range of 
supply alternatives and project partnerships should be considered.   

• The plan should identify adequate supplies to serve at least the eight current Members 
of Cascade.  It should also consider how investments in supply and infrastructure could 
serve additional water systems seeking new or replacement supplies and how these 
investments could improve reliability of supplies in the Central Puget Sound Region 
(King, Pierce and Snohomish Counties). 

• The plan should enable water rates to be managed at levels acceptable to water 
customers over the short and long terms. 

• The plan should provide flexibility to Cascade to adjust to changing circumstances or 
new opportunities.  To this end, smaller supply options, interim supplies, and phased 
development of larger supplies should be considered in the mix of source alternatives. 

• The plan should recognize the drop in current, contracted supplies at year 2024 and 
should outline a clear and viable path towards addressing Cascade’s needs at that time. 

• The plan should apply clear criteria and rationale for recommended actions.  It should 
provide a sound basis for communication with elected officials, regulators and water 
resource stakeholders in the Central Puget Sound Region.   

1.2 Report Organization 

The evaluation of supply options is separated into three major stages, presented in Figure 1. 
The first stage in the supply options evaluation is the initial screening, which eliminates options 
from further investigation that are not feasible.  In the second stage of the process, the 
remaining options are evaluated using a more rigorous multi-criteria analysis method, which 
ranks the feasible supply options according to their performance in achieving specified criteria.  
The final stage of the project evaluation is to conduct a detailed infrastructure and financial 
evaluation of the highest ranked supply options from the second stage.  
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Figure 1. Three Stages of Supply Project Evaluation  

 

 

 

 

 

 

 

 

 

 

 

 

 

This report summarizes work completed as part of the first two stages (Tasks 300 and 700) and 
provides recommendations for continuation to Task 800. Section 2 describes initial screening of 
the original 28 supply options under Cascade consideration and the outcome of this process.  
Section 3 presents the methodology of the multi-criteria supply analysis and the established 
performance measures and weights determined by Cascade members and staff to evaluate the 
20 supply options that passed the initial screening.  Section 4 provides the approach and 
conventions used in estimating costs associated with the supply options reviewed under the 
multi-criteria analysis. Section 5 presents the results of the multi-criteria analysis, which is 
followed by conclusions and recommendations of higher ranking projects that will be grouped 
into supply packages for more detailed analysis in Task 800. 
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2.0 Initial Supply Option Screening 

This Section documents the Task 300 initial screening process and summarizes assumptions 
made. Initially, 28 different supply options were considered. 

2.1 Supply Options Considered for Initial Screening 

The first aspect of the initial screening is the identification of possible water supply options to be 
screened.  Table 1 shows the list of supply options considered for the initial screening stage.  
This list presents existing Cascade source management contracts that have historically been 
considered by Cascade, as well as existing and new surface water, ground water, desalination, 
reclaimed water and conservation supply options.  The supply options are taken from a variety 
of regional supply planning documents that exist, or are in the process of production, which 
include:  

• East King County Coordinated Water System Plan (1993) (e.g. elements of the DRAW 
project). 

• Existing Cascade Supply Contracts Options under consideration (Tacoma TCP 1 
through 3 and Seattle Supply Contracts). 

• Supply projects presented in the Central Puget Sound Regional Water Supply Outlook 
(both 2001 & 2009 update). 

• Supply options identified by the consultant team, based on work with individual Cascade 
Members. 

• Comments received from Cascade members during the Source Criteria Workshop held 
on March 20, 2009. 
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Table 1. Supply Options Considered for Initial Screening 

Existing Source 
Management 

New Surface Water 
Options 

New Ground 
Water Options 

Reclaimed Water and 
Conservation 

 
Tacoma Lite 
 
TCP w/ Wheeling 
 
TCP w/ North Segment 
 
TCP Expanded 
 
SPU Expanded Block 

 
Lake Tapps  
 
North Fork Tolt 
 
Everett- Sultan River 
Supply Expansion 
 
SRRWA - Snohomish 
River Supply 
 
Lake Washington Supply 
 
Lake Sammamish 
Supply 
 
Off-Stream Storage – 
Sammamish, Green 
Rivers, Issaquah Creek  
 
Desalination 
 
 
 
 
 
 

 
Chambers Creek Wells 
 
Snoqualmie Aquifer 
 
Deep Resource Aquifer 
Withdrawal (DRAW) 
 
OASIS Phases 1 & 2 
 
OASIS Phase 3 
 
Cascade Member ASR 

 
Brightwater Reclaimed Water, 
South Segment 
 
South Treatment Plant Reclaimed 
Water, Tukwila 
 
Satellite Treatment Plants 
Reclaimed Water, King County  
 
Direct Potable Use of Reclaimed 
Water, Brightwater 
 
Enhanced Cascade Conservation 1 
– Expansion beyond current levels 
 
Enhanced Cascade Conservation 2 
– Suite of new technically feasible 
measures 
 
Stormwater Capture, Satellite 
Package Plants 
 
Rainwater Collection for golf 
courses 
 
Reduction in Regional 
Unaccounted-for-Water 

Based on Member feedback at the meeting and a follow-up technical review of the list with 
Cascade staff on March 24th, 2009, several options on the list reviewed at the March 20th, 2009 
workshop were removed from the Initial Screening List.  These supply options were removed for 
the following reasons: 

• The project scale of the supply option is already built into the outside utilities’ firm supply 
yield and is unlikely to warrant partnership opportunities (e.g. Lake Youngs, South Fork 
Tolt). 

• A few supply options were redundant of other viable options on the list (these were 
predominantly conservation options looked at individually by the 2008 Water Forum; 
e.g., water rate structure and sub-metering), but will become grouped into two 
conservation packages for Cascade consideration. 

• Some options from previous regional source assessments are no longer actively being 
nominated by regional partners to merit initial screening (e.g. North Fork Snoqualmie 
options in the 1993 EKC coordinated water system plan). 
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2.2 Criteria for Initial Screening  
The main objective of the initial screening was to eliminate options that are easily 
distinguishable as not feasible for Cascade as a regional supply option by applying some very 
basic pass/fail screening criteria.  The six screening criteria, initially developed by the consultant 
team, were later refined at the Source Criteria Workshop and are presented below.  Supply 
options were required to pass all of the screening criteria in order to be considered in the 
subsequent and more detailed Multi-Criteria Analysis.  The screening criteria were: 

1. Legal complications associated with source water: Fail - appear insurmountable; Pass - 
can be successfully overcome.  

2. Permit / Institutional complications associated with source water:  Fail - appear 
insurmountable; Pass – can be successfully overcome.  

3. Water Rights: Fail - significantly difficult to secure and the process has yet to begin1; 
Pass - water rights secured, or in the process of being secured. 

4. Public Acceptance: Fail - development of source water is not publicly accepted at this 
time and unlikely to change within the next 20 years; Pass – development of the source 
water is publicly supported or public acceptance is likely to evolve favorably within the 
next 20 years. 

5. Supply Yield: Fail – option (or combination of “like” options) is less than 1 mgd2; Pass – 
option (or combination of “like” options) is 1 mgd or greater. 

6. Location of Supply: Fail – option is not located in King, Pierce, or Snohomish County3; 
Pass – option is located in King, Pierce or Snohomish County. 

Criteria 1, 2, 3 and 4 each encompass, in part, environmental issues associated with supply 
sources.  Further evaluation of environmental issues is anticipated as part of the Multi-Criteria 
Analysis to be performed in the next stage of source evaluation. 

2.3 Application of Initial Pass/Fail Screening 

There were 7 options that failed the initial pass/fail screening process. Reasons the supply 
options failed the specific criterion are provided below: 

Everett-Sultan River Supply Expansion: This supply option fails the permit/institutional 
criterion based on the fact that supply of this water is currently restricted to use inside 
Snohomish County and significant effort would be required to change the out-of-county 
restrictions in this permit. 

Lake Sammamish: This option fails the permit/institutional and water rights criterion on the 
basis of yield due to environmental issues associated with summer season low flows in the 

                                                 
1 The water right criterion may be waived for large sources where the value of acquiring a water right is 
very high and could justify more extensive efforts to secure a water right. 
2 Supply options expected to provide less than 1mgd may be viable for an individual Cascade Member to 
pursue but do not meet Cascade’s established supply yield criterion for regional supply consideration. 
3 A supply project located in King County is preferable over options located in Pierce or Snohomish 
Counties.   



  

Sammamish River.  These flows would be impacted by the withdrawal of Lake Sammamish 
water.  A preliminary analysis of summer baseflow conditions in the Sammamish River and 
factoring 10% withdrawal limitation to this low flow presents a yield for this supply option that is 
not large enough to justify work on resolving the large permitting, institutional and water right 
complications. 

Off-Stream Storage: This option fails the water right criterion.  Water rights would require 
careful attention to environmental aspects of flow management in several different creek basins.  
The yield from this surface water option is not expected to be large enough to justify the time 
and effort necessary to address these issues effectively and obtain appropriate water rights with 
the necessary mitigation elements.  

Oasis Phases 1 & 2: This supply option fails the yield criterion.  While the standard 30% 
assumption described above would nominally yield more than 1 mgd, it seems inaccurate for 
this particular source.  Lakehaven Utility District is unlikely to have any water available from the 
first two phases of this supply to provide to Cascade Members outside their existing service 
area and Tacoma Second Supply Partners (TSSP) partners (i.e. Covington).   

South Treatment Plant: This supply option fails the minimum yield criterion (>1 mgd) for 
Cascade regional supply consideration.  However, it still is a viable supply option for individual 
Cascade members to pursue, such as Tukwila and Skyway, who have service areas very near 
this reclaimed water source. 

Rainwater Collection: This supply option also fails the minimum yield requirement criterion (>1 
mgd) for Cascade regional supply consideration but again may have potential as a viable supply 
option for individual members to pursue. 

Reduction in Regional Unaccounted-for Water: This supply option fails the permit and 
institutional criterion as well as the yield criterion.  The reason for permit and institutional failure 
on the initial screening is that repairing regional infrastructure leaks would require repairs to 
major transmission not owned by Cascade.  This increases risk and liability to Cascade well 
beyond the expected benefits of the anticipated supply yield for this water conservation option 
(likely to be <1 mgd). 

North Fork Tolt:  While researching the North Fork Tolt project, SPU stated that they would not 
allow direct Cascade involvement in the project and would instead include the additional supply 
in the SPU Expanded Block supply option. Therefore, the North Fork Tolt supply option was 
also removed from further consideration. 

2.4 Options Carried to Next Step (Multi-Criteria Analysis) 

Table 2 presents the 20 supply options that have passed the screening criteria and will be 
carried into the Multi-Criteria Analysis stage.  
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Table 2. Options Carried to Next Supply Evaluation Step (Multi-Criteria Analysis) 

Existing Source 
Management 

New Surface 
Water Options 

New Ground 
Water Options 

Conservation and 
Reclaimed Water 

 
Tacoma Lite 
 
TCP w/ Wheeling 
 
TCP w/ North Segment 
 
TCP Expanded 
 
SPU Expanded Block 

 
Lake Tapps  
 
SRRWA - Snohomish 
River Supply 
 
Lake Washington 
Supply 
 
Desalination 
 
 
 
 
 
 

 
Chambers Creek Wells 
 
Snoqualmie Aquifer 
 
Deep Resource Aquifer 
Withdrawal (DRAW) 
 
OASIS Phase 3 
 
Cascade Member ASR 

 
Brightwater Reclaimed Water, 
South Segment 
 
Satellite Treatment Plants 
Reclaimed Water, King County  
 
Direct Potable Use of Reclaimed 
Water, Brightwater 
 
Enhanced Cascade Conservation 1 
– Expansion beyond current levels 
 
Enhanced Cascade Conservation 2 
– Full suite of technically feasible 
measures 
 
Stormwater Capture, Satellite 
Package Plants 
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3.0 Methodology of Multi-Criteria Supply Analysis 

The Multi-Criteria Analysis step involved development of performance measures and the 
collection of conceptual level information for each of the supply options.  Finally after 
performance measures were established and information was collected for each of the supply 
options, a scoring procedure was carried out that incorporated the criteria and the Members’ 
weighting of those criteria to calculate a total decision score for each supply option.   

3.1 Evaluation Criteria 

The initial process of the Multi-Criteria Analysis was the development of a list of evaluation 
criteria and sub-criteria.  These criteria were developed initially by Cascade Members at the 
Source Criteria Workshop during the supply criteria evaluation brainstorming session.  After this 
workshop, the consultant team and Cascade staff, worked to organize and group the initial 
source criteria list.  In grouping and selecting the source criteria, the consultant team and 
Cascade adhered to the following rules based on the principles of multi-criteria decision-making:  

Non-Redundant –criteria should not overlap (example: cost and rate impacts should not be two 
criteria because they will ultimately measure the same thing). 

Easily Understood – the definition and interpretation of the criteria should be understood by 
multiple audiences. 

Measurable – criteria are not useful if they cannot be measured quantitatively or through an 
agreed-upon qualitative scoring. 

Differentiation – criteria should be selected only if they can show differentiation between 
alternatives (example: if all alternatives will meet safe drinking water standards, having the 
criterion “meet water quality standards” will not be useful in ranking alternatives because all 
alternatives will score the same). 

Concise in Numbers – having too many criteria will result in ranking scores that are not 
different from each other significantly.  Generally, having six or less primary criteria is 
preferable. 

Following input by Cascade Members (at the Cascade Resources Management Committee 
meeting held on April 16, 2009), and bearing these general rules in mind, the following six 
supply criteria and their definitions were developed:  

1. Supply Reliability 

This criterion measures the ability to provide dependable water supplies.  Specifically 
this criterion addresses: 

• Availability of supply (the degree of certainty that a given source will be 
available when it is needed) 

Cascade Water Alliance: Supply Alternatives Assessment 8 
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• Variability of yield (including effects of potential climate change as well as 
contract provisions; and including both surface water and groundwater 

• Vulnerability to effects of emergency disruptions 

2. Financial Considerations 

This criterion measures the ability to provide water utility services in a cost-effective 
manner.  Specifically this criterion addresses: 

• Capital and operational costs (levelized unit cost, expressed as present value 
in current dollars) 

• Degree of uncertainty in capital and operational costs (including unknowns in 
future contract purchases and changes in energy costs) 

• Utilization of prior Cascade investments in sources and infrastructure 

3. Environmental Considerations 

This criterion measures the ability to provide water supply in an environmentally 
sensitive and sustainable manner.  Specifically this criterion addresses: 

• Relative energy demand per unit of supply 

• Environmental impacts (positive and negative, with primary emphasis on 
long-term effects rather than construction effects) 

4. Operational Considerations 

This criterion measures the ability to maximize operational flexibility in the delivery of 
water. Specifically this criterion measures: 

• Vulnerability of source water to potential contamination 

• Water quality compatibility with other supplies 

• Operational complexity 

• Flexibility to adjust yield in response to need and in conjunction with other 
sources 

5. Implementation Considerations 

This criterion measures the ease and certainty of project implementation.  Specifically 
this criterion addresses: 

• Degree of difficulty for acquiring water rights 

• Degree of difficulty for acquiring other required permits 

• Public acceptance 

• Construction flexibility (lead time of project) 
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• How well the source either enables, or precludes other projects from being 
developed 

6. Regional/Intergovernmental Considerations 

This criterion measures institutional complexity of delivering supplies.  Specifically this 
criterion addresses: 

• Level of control of supply (ownership) 

• Regional value of supply source 

• Partnerships and governance (complexity of partnerships and governance 
issues – how many and difficulty in resolving) 

• Institutional hurdles (political and institutional barriers) 

3.2 Criteria Weighting  
The criteria defined in Section 0 must be weighted in order to reflect decision-maker 
preferences. While all of the criteria are important, some will have higher priority over others 
according to individual decision-maker values.   
 
A weighting exercise was conducted at the Cascade Resource Management Committee 
meeting (on April 16, 2009). The 17 participants included board members, alternates, member 
staff and Cascade staff.  Each participant was given 20 voting dots, which individually 
represented 5 percent out of 100 percent weighting.  Participants placed these dots on the six 
criteria, with the more dots indicating greater weight. Additionally, no criterion could receive less 
than 5 percent, or 1 voting dot per participant, to reflect that all of the criteria are important 
(enough to receive some minimal weighting).  Figure 2 presents the results of the participant 
criteria weighting exercise.   
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Figure 2. Cascade Member Criteria Weights 

Financial
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Figure 2 shows that the participants, on average, gave the financial criterion the most weight at 
26%, followed by supply reliability at 22%.  The next highest weighted criteria included 
operational at 18% and environmental at 16%.  The least weighted criteria were implementation 
at 10% followed by regional/intergovernmental at 8%. 
 

3.3 Establishing Performance Measures for Criteria 

Along with decision maker weights of the selected criteria, the Multi-Criteria Analysis requires 
an establishment of performance measures to objectively and uniformly evaluate the various 
supply options.  This uniform evaluation was achieved through the preparation of a supply 
evaluation index that established objective metrics of the Member selected criteria and sub-
criteria for scoring the supply options. The scoring index was necessary because each criterion 
may be measured in different units, and standardization allowed the sub-criteria scores to be 
added together.  Appendix A provides the metrics for scoring the list of supply options Cascade 
reviewed under the Multi-Criteria Analysis step.   

In order to use the scoring index in Appendix A and assign meaningful criteria scores, more 
information on each of the supply options was needed.  To accomplish this, the consultant 
group developed Supply Fact Sheets for the 20 identified Cascade supply options.  The supply 
fact sheets were developed using reconnaissance-level research to fill in information that 
focused on the criteria and sub-criteria.  This research included using applicable information 
developed and presented in the Central Puget Sound Water Suppliers’ Forum 2009 Outlook as 
well as additional research for the supply options and criteria unique to Cascade’s process.  
Appendix B presents the project fact sheets for each of the 20 supply options reviewed under 
the multi-criteria analysis process.  
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3.4 Multi-Criteria Analysis 

Figure 3 shows the key steps of the multi-criteria analysis.  

 Figure 3. Steps of the Multi-Criteria Analysis 

 

 

 

 

 

 

 

 

 

 

 

Using the developed supply evaluation scoring index and the prepared Supply Fact Sheets, the 
raw performance values of a supply option (Step 1) were converted into a standardized score 
for each criterion (Step 2).  

The next step (Step 3), involved applying the decision-makers’ weightings for the criteria from 
Section 3.   

In Step 4 of the process (shown in Figure 3) the partial score was calculated, multiplying the 
standardized score for a given criterion by its weight. The process was repeated for the other 
criteria being used in the evaluation of the alternatives.  As shown in Figure 3, the entire 
process was then repeated for all the other supply options being evaluated, and the results 
were plotted so comparisons could be made.   

In the end, a supply option received a total decision score, which reflected how well it performed 
in each of the specified criteria.  The total decision score clearly shows how much of each 
criterion contributed to the decision score of every supply option. This breakdown allows 
decision-makers to easily compare the supply options. Section 5 presents decision score results 
for the 20 supply options reviewed by Cascade. 
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3.5 Use of the Multi-Criteria Output 

Cascade’s decision makers will use the output of the multi-criteria analysis to develop supply 
portfolio options that could consist of a single supply option or several options that best meet 
the objectives and policy guidelines of Cascade and its members.  The Multi-Criteria Analysis is 
not intended to lock Cascade or its members into selecting the highest scoring options. Rather, 
high scoring supply options that score lower in one criterion may be supplemented by low 
scoring supply options that score higher in that criterion.  As a result, these lower scoring 
options could work compatibly and compliment higher scoring options in portfolios to meet 
projected demands.   
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4.0 Cost Estimating and Financial Analysis Methodology 

Accurate cost estimates are central to establishing the basis for key project decisions, for 
establishing the metrics against which project success will be measured and for communicating 
the status of a project at any given point in time.  Logical and reasonable cost estimates are 
necessary in maintaining public confidence and trust throughout the life of a major project.  

This section outlines the process the consulting team used to estimate costs and perform 
financial analysis to ensure consistency and accuracy for the Task 700 supply evaluation.  The 
cost estimates were intended to be inclusive of all life cycle costs associated with each supply 
option that was evaluated.  The various options evaluated range from concepts that have not 
been studied previously to those that have completed a high level of engineering design.  
Supply options were defined with details that were available and appropriate for the level of 
design. To the extent possible, the cost estimating approach applied to each supply option was 
similar among those that have reached the same level of design. 

4.1 Cost Estimate under Task 700 

The output desired in the Task 700 stage of the process was a planning level cost estimate in 
cost per unit of water produced.  The key characteristics of cost estimates in this task are: 

• Capital costs are inclusive of all supply option costs. 

• Annual Operations and Maintenance (O&M) costs. 

• Costs are planning level depending on current level of design   

• The level of detail is suitable only for broad relative comparisons among the 20 supply 
options. 

• Costs are depicted in 2010 dollars. 

• Costs are expressed as total dollars per million gallons per day of water produced on an 
average, year-round basis ($/mgd). 

• Timing or phasing of the supply option is not considered at the screening level and no 
financial analysis (e.g. rate impact analysis) is included under this task. 

4.2 Spreadsheet Platform  

Cost estimates were developed using a Microsoft Excel spreadsheet program.  The file 
consisted of a workbook of multiple spreadsheets.   

For Task 700, each supply option is on a single spreadsheet.  See supply options Fact Sheets 
in Appendix B. 

To track progression of the design, the spreadsheets are fully linked to automate the process of 
revising, correcting and updating.  The cost line items are arranged and grouped by major 
facility type and logical work breakdown.  Multiple sub-cost items are also identified under each 
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cost item, as applicable, to adequately breakdown the work.  Line item descriptions, associated 
quantities and unit costs are broken down and arranged so that subsequent estimates can be 
easily modified and updated.   

4.3 Data Sources and Unit Costs  

The cost estimates in Task 700 were prepared by utilizing existing available sources, which 
define the supply source alternatives at the appropriate level of design.  The basis of unit costs 
was developed from the following sources: 

• Central Puget Sound Regional Water Suppliers’ Forum, 2009 Regional Water Supply 
Outlook project. 

• King County Tabula Cost Data Base. 

• Tacoma Cascade Pipeline Project – Central Segment, 90% Opinion of Probable Cost, 
August 2007. 

• Bid tabulation of similar regional water supply projects.  

• RS Means. 

• Budgetary quote for major equipment, if applicable. 

Task 700 level costs for all supply options were estimated as year 2010 costs using the ENR 
Construction Cost Index for Seattle to adjust estimates completed in prior years. 

4.4 Units/Quantity Take Offs  

Units presented in the cost summary sheet were developed based on preferred units that can 
readily be used for actual measurement in the field.  These units tended to be either linear, 
areas, or weights.  Quantity takeoffs were based on existing design drawings or GIS mapping 
and sketches created to define the supply options.   

4.5 Allied Costs  

Allied costs are common to each level of costing for Task 700.  

• Engineering: 

a. 15% of total construction cost for options with higher level of planning/preliminary 
design completed. 

b. 25% of total construction cost for options with little or no planning/preliminary design 
completed. 

• Legal and permitting: 5% of total construction cost. 

• Construction Management: 

a. 10% of total construction cost for transmission pipeline. 

b. 15% of total construction cost for water treatment plant facilities. 

Cascade Water Alliance: Supply Alternatives Assessment 15 
Task 700 Final Report - Final                                                                                                            December 18, 2009 



  

Cascade Water Alliance: Supply Alternatives Assessment 16 
Task 700 Final Report - Final                                                                                                            December 18, 2009 

• Washington State Sales Tax:  9% 

4.6 Contingency  

The type of estimating used for screening was considered planning level.  Some of the supply 
options on the screening list were well into design; however, most of them were at a conceptual 
level.  Contingency was used to account for uncertainties, unforeseen conditions, and to cover 
the cost of project elements that can not be defined with the level of information available at a 
given stage of design.  As the design progresses, certainty increases and contingencies 
generally decrease. 

Contingencies with the following definitions were applied to the cost estimates as follows: 

Description Contingency Range 

Conceptual ................................................................ -20% to +75% 

Feasibility .................................................................. -15% to +40% 

Pre-Design ................................................................ -10% to +30% 

Final Design ............................................................... -5% to +10% 

Construction/Bid .......................................................... -3% to +5% 

To capture market fluctuation, a range of cost was applied to the total estimate.   

4.7 Annualized Unit Cost Calculation (Task 700)  

Cost is expressed in annualized unit cost of dollars per gallon based on the average annual 
yield at full development of each source and was calculated as follows: 

 
 

 

The capital cost was annualized based on an assumption that 100% of the capital cost is 
financed over a 30-year period, at six percent interest. 

A separate cost methodology document, Cost Estimating and Financial Analysis Methods 
(HDR; June 5, 2009) provides more detail on specific costs for facility types and infrastructure 
that are normally associated with water supply projects.   

( )
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5.0  Supply Evaluation Results 

To provide initial project ranking for Task 700, 20 water supply options were evaluated against 
six main criteria and 20 sub-criteria. The weights for the sub-criteria are shown in Figure 
4below. 

Figure 4. Relative Weight of Criteria and Sub-Criteria 
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For each sub-criterion a performance score was assigned for each of the 20 supply options.  
Some scores are continuous-scale (such as unit cost) while other scores are scaled using a 
discrete classification (i.e., 1 to 5, where 5 equals superior performance). Table 3 presents a 
summary of the performance scores for each of the 20 supply options. Appendix C presents 
these scores along with text that explains the assigned sub-criteria performance scores for each 
of the 20 supply options. 

The sub-criteria weights and performance scores for the supply options were input into a 
decision support software program called Criterium Decision Plus (CDP). CDP is an industry 
standard evaluation tool used by public and private organizations to compare and rank 
alternatives using a technique called multi-attribute rating.  CDP correctly accounts for the fact 
that some performance scores are continuous in nature while others are discrete. 
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Table 3. Summary of Performance Scores 
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Lake Tapps - P 50.0  75.0   647       3 45 4 4 2 2 3 3 5 3 4 4 2 3 3 5 5 4 4
Lake Washington - P 50.0  75.0   607       1 0 4 4 4 3 3 3 5 4 2 1 1 2 3 5 5 2 1
Snohomish River - P 23.7  36.0   739       3 0 3 3 3 2 3 3 5 2 2 5 2 3 3 3 3 2 1
TCP Expanded - I 20.0  33.0   636       4 58 4 4 4 4 5 4 4 4 3 5 3 4 5 4 3 4 4
TCP w/North Segment - I 10.0  33.0   484       4 58 4 4 4 4 5 4 4 4 3 5 3 4 5 4 3 4 4
SPU Expanded Block - I 15.0  27.9   382       4 0 4 4 3 5 5 4 5 4 3 5 5 5 3 4 2 4 4
TCP with Wheeling - I 10.0  24.0   583       3 36 4 4 4 4 4 4 4 4 3 5 3 4 5 4 3 3 3
OASIS Phase 3 - P 16.0  39.1   463       4 36 4 4 4 3 3 4 5 4 3 3 4 4 3 2 2 3 2
Desalination - P 15.0  15.0   2,438    2 22 5 5 3 2 3 3 5 1 2 4 1 2 3 1 5 2 2
Chambers Creek Wells - I 10.6  14.3   864       4 36 4 4 4 4 3 5 5 4 3 4 4 4 3 2 2 2 2
Enhanced Conservation 2 - P 8.4    13.4   247       1 0 3 4 5 4 5 5 2 5 4 5 5 2 3 4 2 2 1
Snoqualmie Aquifer - P 5.4    12.0   284       3 0 4 4 3 2 3 3 5 2 5 2 2 4 3 3 3 3 2
Cascade Member ASR - P 4.6    11.2   306       1 0 4 4 4 3 3 4 5 4 3 3 4 4 3 5 1 5 5
Deep Resource Aquifer - P 7.8    10.4   221       1 0 4 4 4 4 3 5 5 3 3 3 4 4 3 5 2 5 5
Direct Potable Reclaimed - P 10.0  10.0   1,196    1 0 5 5 3 1 3 3 5 2 4 5 1 1 3 2 3 1 1
Enhanced Conservation 1 - P 6.5    9.4     247       3 0 4 4 5 4 5 5 2 5 4 5 5 5 3 4 2 5 4
Brightwater Reclaimed - P 1.6    4.0     699       2 0 5 5 3 3 1 3 5 4 4 5 5 4 3 4 1 4 4
Satellite Reclaimed - P 1.5    3.0     3,201    1 0 4 4 3 3 1 3 2 2 4 5 3 3 3 5 1 3 3
Tacoma Light - I 1.5    2.0     445       1 26 5 4 3 3 5 4 4 5 3 5 5 4 3 2 1 2 2
Storm Water Capture - P 0.2    0.5     666       1 0 1 1 2 3 1 2 1 3 4 1 3 3 3 5 1 4 4
*Unless noted otherwise, all scores represent a performance from 1 to 5, where 1 = poor performance and 5 = superior performance.
Although identified as interim in this scoring summary table, TCP Projects include 4mgd of permanent supply

Financial Supply Reliability Operational Environment Implementation Regional/Intergovernment

5.1 Preliminary Ranking of All Supply Options 

The water supply options evaluated range from 1 to 75 million gallons per day (mgd) in 
providing peak water supply.  Some of the options provide interim supply benefits (meaning the 
supply cannot be counted on throughout the 50 year planning period) while other projects 
provide more permanent supply benefits.   

The purpose of this initial ranking was to determine those supply options that could be 
eliminated from further, more detailed evaluation.  The remaining higher-ranking supply options 
will then be combined to form complete portfolios that will meet specific water demand targets in 
Task 800. More detailed-level cost and water rate analyses will be conducted for these 
portfolios. CDP will also be used to evaluate complete portfolios in Task 800. 

Figure 5 through Figure 10 indicate how all 20 supply options rank for each of the major criteria: 
financial (Figure 5), supply reliability (Figure 6), operational (Figure 7), environmental (Figure 8), 
implementation (Figure 9), and regional/intergovernmental (Figure 10).  On these graphs, the 
supply option names have an identifier indicating if the supply is interim (“I”) or permanant (“P”). 
The longer the bar, the better the project performs for that specific criterion using the following 
definitions and guidelines:   

• Financial - longer bar means the supply option has a good combination of being low-
cost, having low uncertainty in cost estimates, and utilizes prior Cascade investments 
(sunk costs) 
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• Supply Reliability - longer bar means the supply option has high certainty of availability, 
low variability in yield, and low vulnerability to outages 

• Operational - longer bar means the supply option has a good combination of low 
operational complexity, good water quality compatibility, is protected from source 
contamination, and provides operational flexibility   

• Environmental - longer bar means the supply option has lower energy requirements and 
a positive impact to the environment 

• Implementation - longer bar means the supply option will be easier to implement and 
enables other projects to move forward  

• Regional/intergovernmental - longer bar means the supply option has a good 
combination of high level of control for Cascade, provides regional value, has low 
partnership/governmental complexity, and few institutional hurdles 

Figure 5. Financial Criterion 
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Chambers  Creek Wells ‐ I (14 mgd)
SPU Expanded Block ‐ I (28 mgd)

OASIS Phase 3 ‐ P (23 mgd)
TCP Expanded ‐ I (33 mgd)

TCP with North Segment ‐ I (33 mgd)
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Figure 6. Supply Reliability Criterion 
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Figure 7. Operational Criterion 
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Figure 8. Environmental Criterion 
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Figure 9. Implementation Criterion 
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Figure 10. Regional / Intergovernmental Criterion 
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CDP uses the performance scores, along with criteria weights, to develop an overal ranking of 
each supply option based on a weighted-score methodology.  Figure 11 presents the overall 
ranking of all supply projects.  The longer the color bar segment, the better the project performs 
for that individual criterion, but the length of the color bar also represents how important the 
criterion is in the overal decision.  Supply options that are ranked the highest generally score 
well in most of the important (or highly weighted) criteria.  Supply options that rank the lowest 
generally score poorly in most of the highly weighted critiera. 

Figure 11. Overall Ranking of All Supply Options 
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Based on this initial ranking, three general ranking breakpoints emerge: (1) those options that 
score 0.7 or better, most of which are interim supply options; (2) those options that score 
between 0.6 and 0.7, most of which are permanent supply options; and (3) those options that 
score around 0.5 or less.  The six supply options that score near 0.5 or less are recommended 
to be eliminated from further, more detailed evaluation. 

5.2 Preliminary Ranking of Permanent and Interim Supply Projects 

Because some options provide only interim supply benefits while others provide permanent 
supply, supply options were compared and ranked based on this classification as well.  These 
two additional rankings provide helpful information, especially for use in Task 800 when options 
will be combined into portfolios to meet specified water demand targets over time. 

Figure 12 shows a ranking that compares permanent supply options. The results are consistent 
with the ranking of all options in that the lowest ranked options are the same six that are 
recommended to be eliminated from further, more detailed evaluation. 

Figure 12. Overall Ranking of Permanent Supply Options 
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Figure 13shows a ranking that compares interim supply options. The results show that the SPU 
Expanded Block, TCP with North Segment, and TCP Expanded supply options all score the 
same and are ranked highest.  The Tacoma Lite supply option ranks the lowest, and given its 
very small supply yield it is recommended that this supply option be eliminated from further 
evaluation. 

Figure 13. Overall Ranking of Interim Supply Options 
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5.3 Sensitivity Analyses 

To evaluate how supply option rankings change as input assumptions change, CDM conducted 
the following three sensitivity analyses: 

• Used stakeholder weights from the Cascade Connections Working Group (CCWG) 

• Changed the financial criteria, and 

• Removed financial criteria, and used a combined multi-attribute rating technique with 
quadrant analysis.   

For each of these scenarios, the revised supply option rankings are presented. The scenarios 
were evaluated separately, and combined scenarios were not conducted.  

Stakeholder Weights: The first sensitivity used the criteria weights developed by the CCWG 
instead of the RMC weights.  Figure 14 shows the overall ranking of permanent supply options, 
while Figure 15 shows the ranking of interim supply under the CCWG weighting.   
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Figure 14. Overall Ranking of Permanent Supply Projects – CCWG Weights 
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Figure 15. Overall Ranking of Interim Supply Projects – CCWG Weights 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Tacoma Lite ‐ I (2 mgd)

Chambers  Creek Wells  ‐ I (14 mgd)

TCP with Wheeling ‐ I (24 mgd)

TCP Expanded ‐ I (33 mgd)

TCP with North Segment ‐ I (33 mgd)

SPU Expanded Block ‐ I (28 mgd)

Reliability Financial Operational Environmental Implementation Regional
 

 
Changed Financial Criteria: This second sensitivity evaluated changes in rankings from the 
baseline when the sub-criterion utilization of past investments is removed from decision 
model.  Figure 16 and Figure 17 show the new rankings for permanent and interim supply 
projects, respectively.   
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Figure 16. Overall Ranking of Permanent Supply Projects – Changed Financial Criterion 
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Figure 17. Overall Ranking of Interim Supply Projects – Changed Financial Criterion 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Tacoma Lite ‐ I (2 mgd)

Chambers  Creek Wells  ‐ I (14 mgd)

TCP with Wheeling ‐ I (24 mgd)

TCP Expanded ‐ I (33 mgd)

TCP with North Segment ‐ I (33 mgd)

SPU Expanded Block ‐ I (28 mgd)

Reliability Financial Operational Environmental Implementation Regional
 

 
 
Table 4 shows the project rankings.  Yellow highlights indicate no change in relative ranking 
between the sensitivities and the baseline.  Red highlights indicate the ranking where the most 
shifts occur between the baseline and sensitivities. While the blue highlights show only a slight 
shift in rankings between the baseline and sensitivities.   
 
The supply options that had the largest shifts in rankings between the baseline and sensitivities 
are Lake Tapps and Snoqualmie Aquifer.  Under the baseline ranking, Lake Tapps was ranked 
4th among all permanent supply projects, while Snoqualmie Aquifer was ranked 6th.  However, 
Lake Tapps was ranked 6th under the scenario in which the financial criterion was changed, and 
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Snoqualmie Aquifer was ranked 8th under the scenario in which the CCWG criteria weights were 
used. 

Table 4. Summary Ranking Orders 

Baseline Stakeholder Changed Financial
Supply Projects Ranking Weight Ranking Criterion Ranking

Permenant Projects

Enhanced Conservation 1 ‐ P (9 mgd) 1 1 1
Brightwater Reclaimed ‐ P (4 mgd) 2 2 2
OASIS Phase 3 ‐ P (23 mgd) 3 3 3
Lake Tapps  ‐ P (75 mgd) 4 5 6
Deep Resource Aquifer ‐ P (10 mgd) 5 4 4
Snoqualmie Aquifer ‐ P (12 mgd) 6 8 5
Enhanced Conservation 2 ‐ P (13 mgd) 7 6 7
Cascade Member ASR ‐ P (11 mgd) 8 7 8
Lake Washington ‐ P (75 mgd) 9 10 9
Direct Potable Reclaimed ‐ P (10 mgd) 10 9 10
Snohomish River ‐ P (36 mgd) 11 12 11
Desalination ‐ P (15 mgd) 12 13 12
Satellite Reclaimed ‐ P (3 mgd) 13 11 13
Stormwater Capture ‐ P (0.5 mgd) 14 14 14

Interim Projects

TCP with North Segment ‐ I (33 mgd) 1 2 2
SPU Expanded Block ‐ I (28 mgd) 2 1 1
TCP Expanded ‐ I (33 mgd) 3 3 3
Chambers Creek  Wells ‐ I (14 mgd) 4 5 5
TCP with Wheeling ‐ I (24 mgd) 5 4 4
Tacoma Lite ‐  I (2 mgd) 6 6 6  

 
 
Removed Financial Criteria: In this sensitivity, all financial-related criteria were removed from 
consideration.  To conduct this analysis, CDM used the Quadrant Analysis Approach. This 
approach is similar to that used by Seattle Public Utilities.  A total decision score, calculated 
using the multi-attribute rating method, without the financial criterion, is plotted against total unit 
cost, creating a quadrant graph, as shown in Figure 18. 
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Figure 18. Quandrant Analysis Results 
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Projects in the upper left quadrant are high ranking with lower costs while projects in the lower 
right quadrant are lower ranked with higher costs.  The majority of projects are clustered in the 
upper left, indicating a high score with a relatively lower cost than other supply options.  The 
projects identified in Figure 18 are those that have the lowest rank combined with some of the 
higher costs. 

5.4 Recommended Supply Options to be Carried-Forward 

The results of the baseline analysis and sensitivity showed that the supply option rankings are 
fairly robust. The top three projects remained consistent, as did the bottom six projects.  Based 
on the baseline and sensitivity analyses, Table 5 shows the projects that CDM recommends be 
evaluated further in Task 800, as well as the projects that we recommend be dropped from 
further consideration. 

 

 

 

 

 

Cascade Water Alliance: Supply Alternatives Assessment 28 
Task 700 Final Report - Final                                                                                                            December 18, 2009 



  

Table 5. Recommendations 

Recommended Projects for Task 800
Permanent Interim 

 
Enhanced Conservation 
 
Brightwater Reclaimed 
 
OASIS Phase 3 
 
Lake Tapps 
 
Deep Resource Aquifer 
 
Enhanced Conservation 2 
 
Cascade Member ASR 
 

 
TCP with North Segment 
 
SPU Expanded Block 
 
TCP Expanded 
 
TCP with Wheeling 

Recommended Projects for Elimination from Further Consideration 
 
Snoqualmie Aquifer 
 
Lake Washington 
 
Direct Potable Reclaimed 
 
Snohomish River 
 
Desalination 
 
Satellite Reclaimed 
 
Stormwater Capture 

 
Chambers Creek Wells 
 
Tacoma Light 

 
The projects recommended for elimination from further consideration are those that ranked the 
lowest amongst permanent and interim supply options plus two additional projects.  We 
recommend eliminating Snoqualmie Aquifer due to major uncertainties associated with 
developing that source for Cascade.  We also recommend eliminating Chambers Creek Wells 
because this project is better treated as a subset of options for acquiring additional water from 
Tacoma (swapping Chambers Creek groundwater for more Tacoma Green River supply). 

6.0 Conclusion/Next Steps 
Cascade Water Alliance (Cascade) has sought to identify possible future supply options, and 
determine which of the projects represent the best options for future supply. To that end, a 
multiple stage approach is being taken to assess various supply options.  
 
In the first stage (Task 300), 28 supply options were identified, and a coarse pass/fail approach 
was taken to eliminate supply options that did not warrant further consideration. After the first 
stage, 20 options were carried forward. 
 
The second stage (Task 700) involved a more in-depth vetting of the 20 supply options. A Multi-
Criteria Analysis was used to provide a more uniform and objective ranking of the options. 
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Initially, a criterion scoring index was developed to aid in the scoring process. Next, detailed 
supply option fact sheets were written specifically addressing the criteria noted in the index. 
When the fact sheets and index were completed, a scoring workshop was held to score the 
supply options. Once scored, the data and scores were analyzed using the Criterium Decision 
Plus (CDP) software. The CDP software output graphics ranked each supply option in each of 
the scoring criteria. The total final score was calculated, and some general trends were seen in 
the data. Options generally fell into three groups, those with scores above 0.7, those with 
scores between 0.6 and 0.7, and those with scores near or below 0.5. We recommend that the 
lowest scored group, the 6 options with scores near or below 0.5, be eliminated from further 
consideration in Task 800. Additionally, we recommend that the lowest ranking interim supply 
option be eliminated. Two additional projects are also recommended for elimination: 
Snoqualmie Aquifer (development uncertainties) and Chambers Creek Wells (strategic 
reasons).  The remaining 11 supply options being considered in Task 800 are listed in Table 6. 
 

Table 6. Options Carried to Task 800 

Existing Source 
Management 

New Surface 
Water Options 

New Ground 
Water Options 

Conservation and 
Reclaimed Water 

 
TCP w/ Wheeling 
 
TCP w/ North 
Segment 
 
TCP Expanded 
 
SPU Expanded Block 

 
Lake Tapps  
 
 

 
Deep Resource 
Aquifer Withdrawal 
(DRAW) 
 
OASIS Phase 3 
 
Cascade Member 
ASR 

 
Brightwater Reclaimed Water, 
South Segment 
 
Enhanced Cascade 
Conservation 1 – Expansion 
beyond current levels 
 
Enhanced Cascade 
Conservation 2 – Full suite of 
technically feasible measures 
 

 

The goal of the final report is to identify the best supply options to meet the future needs of 
Cascade Members, and present them as a well defined Capital Improvement Plan with which 
Cascade can plan future expenditures. 
 
The final stage of the planning process (stage three - Task 800) will involve assembling the 
remaining options into supply portfolios to meet projected demand for the interim and the long-
term.  
 
Afterwards, more detailed cost estimates and further research into the portfolios will be 
conducted, the result of which will be the final Capital Improvement. 
 
 



 



 
 
 
 
 
 
 

Appendix A 
Supply Evaluation Criteria and Scoring Index 

 



 



Financial 
Supply Evaluation Criteria and Scoring Index a 
 

 1 2 3 4 5 
Low Med. Low Medium Med. High High 

Score Capital and Operational Costs 
(weighted 50%) 

Degree of Uncertainty in Capital and Operational Costs 
(weighted 40%) 

Utilization of prior Cascade Investments 
(weighted 10%) 

1 

 

-20% to +75% Contingency (Unconventional approach with high 
probability of unforeseen expenses. Possibility of source failure. High risk 
premium demanded on work. Few qualified suppliers/contractors. Heavily 
dependent on fluctuating input costs (electricity, fuel)) 

 

2 
 

  

3  

-10% to +30% Contingency 
(Conventional approach with possible unforeseen issues. Moderate risk 
premium demanded for contract work. Several qualified 
suppliers/contractors. Dependent on inputs whose costs are relatively 
stable.) 

 

4 
 

  

5  
-5% to +10% Contingency 

Conventional approach with low probability for unforeseen expenses. Little 
risk premium for contract work. Many well qualified suppliers/contractors. 
Does not require inputs with varying costs (gravity conveyance). 

 

Criterium Decision Plus 
(CDP) will assign a 
score for this financial 
sub-criteria based on 
 
 
 
developed Capital and 
Operational (lifecycle) 
unit cost of the supply 
option 
 
 
A lower unit cost for 
the supply option will 
reflect a higher score 

Will be completed by entering 
direct costs of CWA 
investments utilized by the 
project into CDP.  
 
 Score represents a level between the descriptions/metrics provided above and below 

Greater use of prior Cascade 
investments will reflect a 
higher score.  

Score represents a level between the descriptions/metrics provided above and below

 
Note: 
a) Definitions in project index key are not intended to include all scenarios, nor be mutually exclusive.  Some projects may fit one or more of the definitions in the index key, but 
not all.  Professional judgment and knowledge of project are inherent in the selected ranking. 

Attachment A 
Tech Memo on Methodology of the Multi-Criteria Supply Analysis 



Supply Reliability 
Supply Evaluation Criteria and Scoring Index a      
 1 2 3 4 5 
Low Med. Low Medium Med. High High 

Score Availability 
(weighted 40%) 

Variability of Yield 
(weighted 40%) 

Vulnerability to Emergency Disruptions 
(weighted 20%) 

1 

50% Certainty Supply Source will be available by 2030 
 (Greatly impacted by long-term climate change.  Impacts > 90% of the supply; 
Yield may decrease over time unexpectedly due to non-renewable 
agreement(s) or source competition. Conservation program, or code change 
relies heavily on behavioral savings and/or a large amount of uncertainty in 
success, or not enough incentive for mass appeal; Conservation device, if 
applicable, has limited life-span and requires high degree of maintenance to 
maintain effectiveness.) 

70-80% reliable 
(Impacted by drought and/or storms of short duration 
(days-weeks); Extremely difficult to obtain approvals 
to operate as assumed in computing yield.  Very 
careful management of source is needed to operate 
in a given year to achieve quantity stated) 

Highly Vulnerable 
 (Project impacted by emergency disruptions such as power 
outages, or natural events (earthquakes, wildfires, volcanic 
activity); Supply crosses vulnerable areas such as faults or 
floodplains. Long transmission to large portion of demand area; 
Utilizes older sections of pipeline that are more susceptible to 
damage; Access to improvements is not secured.) 

2 
 

  

3 

75% Certainty Supply Source will be available by 2030 
(Possibility of climate change impacts in the long-term.  Impacts, if existing, 
influence at least 50% of the source.  Access to source is term-limited and/or 
licensed, but terms have moderate likelihood of being renewed without 
modification. Conservation program, or code change, is mixed for behavioral 
savings and uncertainty in desired savings, or incentive for mass appeal; 
Conservation device, if applicable, has moderate life-span and requires some 
routine maintenance to maintain effectiveness.) 

85-90% reliable 
(Impacted by extended drought/storm conditions 
(years); Some approvals necessary, yet feasible to 
obtain in order to operate as assumed in computing 
yield under abnormal conditions.   Moderate 
complexity in managing the source to achieve 
quantity stated in a given year.) 

Moderately Vulnerable 
(Project impacted by power and/or other emergency disruptions, 
but has backup supply sources, power generation, and other 
options to maintain supply at non-peak demand levels;  
Moderate transmission  to large demand area; Utilizes new 
pipeline sections that are less susceptible to damage  Moderate 
security access to improvements.) 

4 
 

  

  5 

90% Certainty Supply Source will be available by 2030 
(Little to no discernable impacts by climate change; <10% of the supply source 
influenced by climate change. Access to source is not term limited through 
agreement(s) and/or licenses. Conservation program or code change relies on 
measures with known technologies and certain long-term savings. Program 
provides incentive for mass appeal; Little to no reliance on behavioral changes 
to obtain savings.  Conservation device/technology, if applicable, has unlimited 
life-span and requires no maintenance to maintain effectiveness.) 

95-99% reliable 
(Not greatly impacted by droughts/storms; no 
additional agency/stakeholder approvals required for 
operations. Requires minimal source management 
to achieve quantity stated in any given year.) 

Low Vulnerability 
(Centralized supply system that is mostly gravity fed to majority 
of customers and impacted by power outages and emergency 
disruptions only under rare and unusual events; Short 
transmission to large portion of demand area. High security 
controls limiting access to improvements. Has redundant 
transmission system(s) from source to service areas.) 

Score represents a level between the descriptions/metrics provided above and below

Score represents a level between the descriptions/metrics provided above and below

 
Note: 
a) Definitions in project index key are not intended to include all scenarios, nor be mutually exclusive.  Some projects may fit one or more of the definitions in the index key, but 
not all.  Professional judgment and knowledge of project are inherent in the selected ranking. 
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Tech Memo on Methodology of the Multi-Criteria Supply Analysis 

 



  
Operational 

Supply Evaluation Criteria and Scoring Index a 
 

 1 2 3 4 5 
Low Med. Low Medium Med. High High 

Score 
 

Operational Complexity 
(weighted 50%) 

Water Quality Compatibility with Other Supplies 
(weighted 10%) 

Vulnerability to Potential Source 
Contamination 

(weighted 10%) 
Flexibility to Adjust Yield 

(weighted 30%) 

1 

Very complex  
(unconventional operation 
requiring several extensively 
trained operators and significant 
control infrastructure) 

Low Compatibility 
(Not compatible with other supplies; or blending with other sources 
not allowed) 

High DOH susceptibility rating or 
High Vulnerability 
(Surface water source: unrestricted access; 
Groundwater source: Shallow Wells, tap 
unconfined/water table aquifer; undeveloped wellhead 
protection)  

Very little yield flexibility (±10%)  
  

2 
 

   

3 
Moderately complex 
(established operation requiring 
several trained operators and 
control infrastructure) 

Moderate Compatibility 
(Source presents moderate potential for blending issues that have 
not been studied.) 

Moderate DOH susceptibility rating or 
Medium Vulnerability 
(Only 50% of the access and restrictions to the source 
is controlled; Wells are at medium depth)  

Some yield flexibility (±50%) 
 

4 
 

   

5 
Basic  
(established operation requiring 
few basically trained operators 
and no control infrastructure)  

High Compatibility 
(Very compatible with other supplies) 

Low DOH susceptibility rating and 
Low Vulnerability 
(Highly protected and/restricted access/prohibition on 
certain activities within location of source water; If 
groundwater, wells are deep and have a very thick 
overlying confining layer)   

Large yield flexibility (±100%)  
 

Score represents a level between the descriptions/metrics provided above and below

Score represents a level between the descriptions/metrics provided above and below

 
Note: 
a) Definitions in project index key are not intended to include all scenarios, nor be mutually exclusive.  Some projects may fit one or more of the definitions in the index key, but 
not all.  Professional judgment and knowledge of project are inherent in the selected ranking. 
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Environmental 
Supply Evaluation Criteria and Scoring Index a 

 
 1 2 3 4 5 
Low Med. Low Medium Med. High High 

Score Annual Energy Use (per Unit of Supply) 
(weighted 25%) 

Potential net environmental benefits/impacts after mitigation 
(weighted 75%) 

1 Significant Energy Use 

 
Negative Net Environmental Impact (Aquatic Habitat, Stream flow/Groundwater Depletion, Contamination Potential) 
Direct impacts to existing beneficial uses of surface and/or groundwater; Requires significant transmission construction that negatively 
alters existing landscape (i.e., tree cutting, land grading). Code Change, or green supply project has long lasting impacts to existing 
conditions that cannot be readily mitigated. Potential examples (Storm water Injection, Irrigation reduction/loss increasing nutrient 
leaching).   

2 
 

 

3 Moderate Energy Use 
No Discernable Impact (Aquatic Habitat, Stream flow/Groundwater Depletion, Contamination Potential) 
Impacts to beneficial uses/environment are neutral; Code Change, or green supply project has some form of potential contamination to 
existing conditions, but this impact can be mitigated. 

4 
                                                                              

                                                                                                                                                                                                                               

5 Minimal Energy Use Net Positive Environmental Impact (Aquatic Habitat, Stream flow/Groundwater Depletion, Contamination Potential) 
Project benefits the environment. Code change, or green supply project has no detectable impact to existing conditions. 

Score represents a level between the descriptions/metrics provided above and below  

 
Note: 
a) Definitions in project index key are not intended to include all scenarios, nor be mutually exclusive.  Some projects may fit one or more of the definitions in the index key, but 
not all.  Professional judgment and knowledge of project are inherent in the selected ranking. 

Score represents a level between the descriptions/metrics provided above and below

Attachment A 
Tech Memo on Methodology of the Multi-Criteria Supply Analysis 

 



  
Implementation 

Supply Evaluation Criteria and Scoring Index a 

 
 1 2 3 4 5 
Low Med. Low Medium Med. High High 
 

Score Ease of Obtaining Water rights 
(weighted 30%) 

Ease of Obtaining other Required Permits 
(weighted30%) 

Public Acceptance 
(weighted 20%) 

Enables Implementation of Other 
Projects  

(weighted 20%) 

1 
Project would require new rights in 
a closed basin  
(Project area has a significant number of existing 
water right applicants pending decision) 

Requires a significant number of federal, state, 
and local agency permits  
(Directly impacts existing tribal agreements; Impacts cannot be 
mitigated) 

Strong opposition  
(in public or political arenas; Will force major 
change in lifestyle and/or perceptions on the 
definition of a potable water source) 

Eliminates possible implementation of 
other major projects. 

2 
 

   

3 

Some effort/cost necessary in 
finalizing water right approval (if 
needed)  
(project area has moderate number of existing 
water right applicants pending decision. 

Minimal to no permits needed at the federal 
level, mostly local permits  
(Project applications have been submitted; Impacts existing 
tribal treaty interests/agreements, but these are mitigated with 
moderate concessions and/or limits) 

Mixed opposition/support 
Local elected officials has and public have 
mixed 50/50 opinions on project; May 
involved some lifestyle changes and/or 
significant public education on potable water. 

Has no effect on other projects. 

4 
 

   

5 
Project has water rights  
(project viewed positively, or supported by 
existing local holders of senior water rights 

Project has all necessary permits  
(claims, tribal treaty interests/agreements not 
impacted/needed) 

Supported  
(in both public and political arenas; Satisfies 
emergency and health/safety concerns) 

Enables other major projects to be 
completed with significantly less effort, or 
allows multiple minor projects to be 
implemented with less effort. 

Score represents a level between the descriptions/metrics provided above and below

Score represents a level between the descriptions/metrics provided above and below

   
 
Note: 
a) Definitions in project index key are not intended to include all scenarios, nor be mutually exclusive.  Some projects may fit one or more of the definitions in the index key, but 
not all.  Professional judgment and knowledge of project are inherent in the selected ranking. 
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Tech Memo on Methodology of the Multi-Criteria Supply Analysis 

 

Regional/Intergovernmental 
Supply Evaluation Criteria and Scoring Index a 

 1 2 3 4 5 
Low Med. Low Medium Med. High High 

 
Note: 
a) Definitions in project index key are not intended to include all scenarios, nor be mutually exclusive.  Some projects may fit one or more of the definitions in the index key, but 
not all.  Professional judgment and knowledge of project are inherent in the selected ranking. 
 
 
 
 
 
 

Score 
 

Level of Control (ownership) 
(weighted 25%) 

Regional Value  
(weighted 25%) 

Partnerships and Governance 
Complexity 
(weighted 25%) 

Institutional hurdles 
(weighted 25%) 

1 

Project controlled by two or more 
different stakeholders with 
competing interests 
(Project would require significant coordination 
with outside stakeholders) 

 

Complicated partnerships with federal 
level entities.  
(Requires significant regulatory approval and 
oversight. Unconventional approach with ill-defined 
regulatory framework) 

Lengthy and/or complicated 
contract negotiations  
(Requires significant transmission line/intertie 
work through multiple jurisdictions; Significant 
portion of land for project site and transmission 
not currently owned by Cascade) 

2 
 

   

3 

Project controlled by two or more 
different stakeholders with aligned 
interests  
(Project would require little coordination with 
outside stakeholders) 

 

Complicated partnership with state 
entity, or simple relationship with 
regional entity.   
(Requires moderate regulatory approval and 
oversight. Common approach with moderately well-
defined regulatory framework) 

Moderately complicated contract 
negotiations 
(Land for project and transmission obtainable 
and feasible locations for infrastructure 
identified, but not currently owned by Cascade) 

4 
 

   

5 
Project wholly controlled by Cascade  
(no coordination with outside stakeholders 
required) 

 No partnership required 
(Project requires little regulation or oversight) 

No contracts necessary, or minor 
modification of existing contract 
(Inter-County/City agreements intact; Land 
available and owned by Cascade) 

Will be completed using 
size of total yield.  Scoring 
will be scaled from low 
yield = 0; 
 
 
 

Score represents a level between the descriptions/metrics provided above and below

to the project with the 
highest yield = 5. 

Score represents a level between the descriptions/metrics provided above and below
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CASCADE WATER ALLIANCE 
LAKE TAPPS RESERVOIR WATER RIGHTS AND SUPPLY PROJECT 

 
NOTICE OF AVAILABILITY AND REQUEST FOR COMMENTS ON  

DRAFT ENVIRONMENTAL IMPACT STATEMENT 
 

DISTRIBUTION LIST 
 

 
CASCADE WATER ALLIANCE MEMBERS1 

City of Bellevue  
Covington Water District  
City of Issaquah 
City of Kirkland 
City of Redmond 
Sammamish Plateau Water & Sewer District 
Skyway Water & Sewer District 
City of Tukwila 
 
LOCAL GOVERNMENTS 

King County DNR/P – Water Policy1 

Seattle and King County Public Health2 

City of Auburn2  
City of Kent2 

Pierce County Office of the County Executive3 

Pierce County Planning and Land Services2 

City of Buckley2 

City of Bonney Lake2 

City of Sumner2 

City of Pacific2 

City of Algona2 

City of Enumclaw2 

King County Executive3 
Pierce County Councilmember Shawn Bunney3 
 
STATE OF WASHINGTON 

Department of Ecology SEPA Register1 

Department of Ecology Northwest Regional Office1 
Department of Ecology Southwest Regional Office1 
Department of Health2 

Department of Archaeology and Historic Preservation2 

Department of Natural Resources2 

Department of Transportation2 

Department of Fish and Wildlife2 

Parks and Recreation Commission2 

Utilities and Transportation Commission2 

Puget Sound Clean Air Agency2 
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Interagency Committee for Outdoor Recreation2 

Office of the Attorney General1 

State Senator Roach3 

State Senator Kauffman3 
State Representative Roach3 
State Representative Hurst3 
Senator Murray3 
Senator Cantwell3 
Representative Inslee3 
Representative McDermott3 
Representative Reichert3 
Representative Smith3 
Representative Dicks3 
 
FEDERAL AGENCIES 

U.S. Army Corps of Engineers, Seattle District1 

Bureau of Indian Affairs2 

U.S. Environmental Protection Agency, Region 102 

Federal Emergency Management Agency, Region 102 

U.S. Fish and Wildlife Service2 

U.S. Geological Survey2 

NOAA Fisheries - National Marine Fisheries Service2 

Natural Resource Conservation Services2 

 
TRIBES 

Muckleshoot Indian Tribe1  
Puyallup Tribe of Indians1 

Duwamish Tribe2 

Tulalip Tribe2 

Snoqualmie Tribe of Indians2 

 
LIBRARIES1 

King County Library System, Redmond Regional Branch 

King County Library System, Bellevue Regional Branch 
King County Library System, Issaquah Branch 
King County Library System, Tukwila Branch 
King County Library System, Covington Branch 
King County Library System, Auburn Branch 
Pierce County Library System, Bonney Lake 
Pierce County Library System, Sumner 
University of Washington Suzzallo Library 
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SPECIAL INTEREST GROUPS 

Washington Environmental Council3 

Seattle Audubon Society3 
Trout Unlimited3 
Washington Trout3 
Sierra Club3 
Lake Tapps Community Council1 
Citizens for Clean Drinking Water3 
League of Women Voters3 

Center for Environmental Law and Policy (CELP)3 

Church Lake Maintenance Association2 

Tapps Island Association2 

West Tapps Maintenance Company2 

Driftwood Point Association2 

Inlet Island Homeowner’s Association2 

 
WHOLESALE WATER PURVEYORS 

Seattle Public Utilities2 

Tacoma Water2 

East King County Regional Water Association3 

South King County Regional Water Association3 

 
NEWSPAPERS 

Daily Journal of Commerce4 

Seattle Times4 

Tacoma News Tribune4 

Bonnie Lake and Sumner Courier Herald3 
Auburn Reporter3 
Bellevue Reporter3 
Kirkland Reporter3 
Issaquah Reporter3 
Sammamish Reporter3 
Renton Reporter3 
Redmond Reporter3 
 
OTHER 

Puget Sound Energy1 

Aspect Consulting, LLC1 

Perkins Coie, LLP3 

HDR Engineering, Inc.1 

GordonDerr, LLP1 

Eglick Kiker Whited, PLLC3 

K & L Gates, LLP3 

Ralph Mason1 

Cascade Connections Group3 
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Notes: 
 
1. These entities on the distribution list have received the Notice of Availability and Request 

for Comments on Draft EIS, printed copy of the Draft EIS, and a CD copy of the Draft EIS. 

2. These entities on the distribution list have received the Notice of Availability and Request 
for Comments on Draft EIS, and a CD copy of the Draft EIS.  

3. These entities on the distribution list have received the Notice of Availability and Request 
for Comments on Draft EIS, and the Summary of the Draft EIS.  

4. The Notice of Availability and Request for Comments on Draft EIS is being published in 
these newspapers. 

 
 
 


	App A - Applications
	App B - Chronology
	App C - White Rvr Mgt Agrmnt
	App D - Community Agrmnt
	App E - Tech Memoranda
	App F - Distribution List



