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1.0 Introduction  

A regional water supply planning process is under way in King County, Washington.  Technical 
committees have been formed to address different water supply and management issues.  One of 
these is the Source Exchange Committee, formed to consider strategies to facilitate the voluntary 
substitution of replacement water sources for existing municipal water withdrawals, when 
replacement could improve flow conditions and aquatic habitat in local streams.   

The basic concept for source exchanges considered in this report is that an existing municipal 
water source may be identified where existing production may compromise stream flow and 
aquatic habitat.  Actions to reduce production or take the source off line could be identified.  
These actions could be temporary, permanent, seasonal or intermittent.  In order to replace the 
supply, water could be delivered from another municipal water supplier.  The report refers to a 
receiving utility owning the original source; and a supplying utility owning a replacement source.   

Several important conditions were expressed by the Committee.  First, the source exchange 
should be voluntary.  The parties exchanging water supply should be motivated by positive 
incentives rather than through litigation or government regulatory actions.   Second, the source 
exchanges considered involve municipal water supplies only. While exchanges involving other 
types of water supply could also be viable, they were not considered in this limited study.  Third, 
water rights of the parties involved should not be placed at risk.   Finally, since the purpose is to 
restore stream flows and habitat quality, mechanisms would need to be put in place to make sure 
water returned to a stream is not diverted by another out-of-stream user.  All of these points are 
reflected in the assumptions used for the specific illustrative examples developed in this report. 

HDR was retained to develop an economic framework to evaluate the benefits and costs of 
potential source-exchange projects, identify which groups would be affected by such projects, 
and analyze how benefits and costs might affect different interest groups.  The framework is 
intended to cover social and environmental costs and benefits, as well as financial costs and 
benefits.  The framework is intended to support decision-making by potential participants in 
source-exchange projects, including funding agencies. 

The project has included a literature review, development of a conceptual framework, application 
of the framework to two illustrative examples, and consideration of funding sources.  Results 
from the literature review have been summarized in a separate technical memorandum.  This 
report presents results from all other tasks performed in this project. 

A Summary of Findings is presented in Section 2 of this report.  Following the Summary, the 
report is divided into two main sections.   

3.0:  Methods for Assessing Costs and Benefits; and 

4.0:  Cost-Sharing Opportunities. 

Each of these sections draws from two illustrative examples of source exchanges that could be 
implemented in King County, Washington. 
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2.0 Summary  

The economic framework presented in this report includes two distinct approaches that provide 
information about costs and benefits and impacts on different stakeholders. These approaches 
are: 

 Cost-Benefit Analysis (CBA): compares the costs and benefits that are attributable to a 
project. Often the CBA defines the public to broadly encompass effects on all stakeholders. 
CBA produces a quantitative measure of the comparison of all monetized costs and benefits. 
Qualitative costs and benefits are listed and discussed.  Where significant values cannot be 
reliably estimated, threshold analysis can be conducted to assist in decision-making. 

 Triple Bottom Line (TBL) Analysis: quantifies monetary and non-monetary costs and 
benefits in three categories: financial feasibility, social considerations, and environmental 
effects. An advanced version presented in this report allows direct comparison of project 
alternatives based on weighted scoring of all monetized and non-monetized costs and 
benefits.    

These approaches have complementary roles for decision-making and allow consideration of 
different perspectives.  Users of these techniques should carefully consider how the choice of 
perspectives and approach relate to the decision-making process at hand. 

Two examples are used to illustrate these methods. In each example, assumptions about costs 
and benefits are generated to show how calculations are performed. Key costs explored in the 
examples include cost of new infrastructure that may be required to deliver or distribute the 
replacement water supply and treatment costs for the replacement supply (these elements may be 
included in wholesale rates charged for the water). The cost for pre-existing infrastructure 
(typically manifested in water rates) may be handled differently depending on the scope and type 
of analysis. In a CBA that jointly considers benefits to both supplying and receiving utilities, this 
cost is viewed as a “transfer” since the supplier receives an equivalent amount of revenue. In a 
financial feasibility analysis, from the receiving utility’s perspective, this cost could be a relevant 
part of the bottom line.   

Key benefits identified for the two examples include improved stream flow and water 
temperature, potential increases in fish production, and associated economic and cultural benefits 
for Indian tribes and sport fishers.  Avoided costs of potential litigation and mitigation are also 
addressed.   

It is important to note that economic analyses are not well equipped to address the value of 
salmon to tribal communities.  This is because productive salmon runs are viewed as essential by 
Pacific Northwest Indian tribes.  Beyond economic considerations, salmon also have significance 
for spiritual and cultural values as well as for legal issues related to tribal sovereignty.  These 
considerations can be identified in the decision-making context for a given project, but they 
cannot be effectively quantified in economic terms. 

A number of other costs and benefits could also occur, depending on the exact circumstances of 
the exchange.  For example, some source-exchange projects could improve reliability or drinking 
water quality for the receiving utility.  Or projects could generate secondary benefits such as 



November 28, 2007 

Water Source Exchange Projects – Methods for Assessing Costs, Benefits, and Cost Sharing Opportunities 3 
King County 

increased sales of fishing gear or other recreational equipment.  It is necessary to carefully 
examine costs and benefits for any specific source-exchange project that may be proposed, since 
each project has a different set of conditions that affect the outcomes. 

In order to make the premise of voluntary exchanges realistic, it is clear that the utilities 
providing and receiving water will need to be able to balance costs with benefits to their 
organizations and ratepayers.  If costs to the participating utilities exceed benefits received, then 
alternative funding sources would be needed to offset or reimburse these costs.   Financial 
feasibility analysis from the utility perspective is applied in this report to explore these issues.  In 
order to voluntarily choose to proceed under circumstances where costs to the utility exceed 
benefits to the utility, a utility will need to either view external benefits as intrinsically valuable; 
or receive reimbursement from an outside funding source.  Utilities will also need to weigh other 
considerations, such as whether source exchange creates any new risks; and the value of source 
exchange in avoiding potential future litigation or unfavorable regulatory actions.  

The source-exchange benefits identified in this report offer potential opportunities for funding 
formulas that could involve local, state and federal funding sources.  This report provides a 
process for linking benefits to groups and agencies, and then identifying applicable funding 
sources such as the State Salmon Recovery Board, local property taxes, rates charged to utility 
customers, charges to other water user groups, local conservation district levies, federal grants, 
and private foundations. 
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3.0 Methods for Assessing Costs and Benefits 

3.1 Perspectives 

The measurement and significance of costs and benefits of source-exchange investments 
depends in part on how these costs and benefits are perceived and by whom. For purposes 
of this project, the following perspectives were identified: 

 The source-exchange utilities and their customers.  These include the utility reducing 
or ceasing use of an existing supply (the “receiving utility”) and the utility providing 
water to replace the existing source (the “supplying utility”). 

 Other water users potentially affected by the source exchange (includes other 
utilities and their customers, or other water-rights holders using the same source of 
supply). 

 Groups having special dependence or cultural affiliation with the affected streams 
(tribes with fishing rights and/or reserved water rights; commercial fishers; local 
towns with a strong historical or cultural connection to the affected streams; 
and residents who live near or identify with the affected streams). 

 Recreational users of affected streams (includes swimming and water play; fishing; 
boating/ tubing; nearby hiking/scenic viewing). 

 Commercial enterprises linked to fishing and recreational activity. 

 The King County public at large. 

 The statewide public at large. 

Identification of these perspectives was useful in identifying costs and benefits applicable 
to potential source-exchange projects.  In addition, in order to actually implement source-
exchange projects, it will be important to clearly understand the incentives and 
disincentives applying to different groups above.   

A voluntary source exchange cannot be implemented unless the utility receiving the 
supply is willing to participate (whether temporarily or permanently).  Similarly, a 
source-exchange project requires a willing supplier.  If either the receiving utility or the 
providing utility is faced with significant un-reimbursed costs, new risks, or 
administrative hurdles, it becomes less likely that a source-exchange project can be 
carried out.  At the same time, it should be recognized that these challenges can be 
overcome, if resources can be identified to offset these disincentives. 

3.2 Costs and Benefits of Source Exchange 

Source-exchange projects can cause a variety of costs and benefits.  Appendix A presents 
a general discussion on the classification of costs and benefits.  



November 28, 2007 

Water Source Exchange Projects – Methods for Assessing Costs, Benefits, and Cost Sharing Opportunities 5 
King County 

Table 1 organizes costs and benefits for source-exchange projects in a TBL framework 
that differentiates among financial, social, and environmental categories.  

On the financial side, costs and benefits of projects may be related to construction of 
facilities needed to inter-connect conveyance systems, operating and maintaining 
infrastructure, and capital and operational costs of water treatment. Where a project 
allows avoidance of litigation, there can be a financial benefit from avoided costs such as 
legal and consulting fees.  Restoration of streams may also lead to increased economic 
activity associated with recreational uses. 

Social impacts of source-exchange projects could include changes in drinking water 
quality, the reliability of water supplies and delivery systems, effects on cultural values, 
community stewardship and cohesion, recreational benefits and improved management of 
long-term supplies for future generations. An underlying dimension of these costs 
involves the equitability of the distribution of project impacts. For example, if a source-
exchange project provides a different water quality that impacts the health of some 
customers more than others, this may be an important consideration.  

The environmental costs and benefits listed below principally relate to the improvement 
in water quality and supply to support the aquatic ecosystem as well as the enjoyment of 
this ecosystem by people. These benefits and costs represent values people place on water 
(and the riparian landscape) for recreational purposes. Also, included in these categories 
are the inherent values that people ascribe to the water, simply because of its existence.  

3.3 Measurement of Costs and Benefits 

3.3.1 Baseline Definition and Boundary Conditions 

Measuring costs and benefits requires the definition of a reference point, or baseline. The 
baseline establishes a number of characteristics of water use associated with the original 
and replacement sources. The baseline characterizes both current conditions and 
expectations about future conditions in the absence of the source-exchange project. As 
such, the baseline would establish the conditions of cost and benefit evaluation including: 
current and future rates of water withdrawals, current and projected costs of water use, 
and any associated social or environmental impacts. With a well-defined baseline, 
projects are evaluated on a consistent basis with a clear delineation between a proposed 
project “alternative” and status quo conditions without the project. 

Boundary conditions must also be defined and these affect the scope of analysis as 
perceived by stakeholders. For example, an analysis may consider an individual utility as 
the point of reference. The replacement water (through a source exchange) would 
constitute an external resource. Alternatively, by taking a larger perspective (such as 
when viewed from outside the water district from a county-wide, regional, or state-wide 
perspective) both the original and replacement sources and associated users can be 
viewed as a combined system.   
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Table 1: List of Costs and Benefits for Source Exchange1 
Costs Benefits 

Potential Financial Costs Potential Financial Benefits 
• Un-recovered costs (including financing) of original 

infrastructure less salvage value. 
• Cost to decommission wells of original source or 

maintain them as backup supply (in comparison with 
baseline costs). 

• Capital cost to enable water delivery from replacement 
source (e.g. transmission piping, storage reservoirs, 
wells, pumps, meters, etc.) 

• Operating costs for replacement source (power, 
treatment, labor, fluoridation, monitoring, etc.) 

• Transaction costs (legal services, consulting fees, etc.) 
• Rates charged to the receiving utility2 

• Avoided or reduced capital cost to upgrade or 
replace facilities of original source. 

• Avoided or reduced operating costs of original 
source (power, treatment, labor, monitoring, etc.) 

• Avoided cost from risk of mitigation 
requirements imposed in future under regulatory 
action (ESA) or court order from litigation.  

• Avoided cost from potential litigation  
• Rates received by the providing utility2 
• Increase in property values adjacent to restored 

streams. 

Potential Social Costs Potential Social Benefits 
• Change in water quality (taste, odor) could reduce 

consumers well-being. Change in fluoridation raises 
risk of some health effects. 

• Any reduced reliability could harm consumers 
• Cultural and economic harm to tribal communities and 

recreational fishing community if fish habitat related to 
replacement source becomes less productive 

• Condemnation of land could be required to construct 
new facilities. 

• Change in utility autonomy due to reliance on outside 
supplier or constraints associated with outside funding  

• Risk of abandoning water rights through non-use or 
reduced use (state law has provisions that can 
safeguard against this risk) 

• Change in water quality (taste, odor) could 
benefit consumers. Change in fluoridation 
improves dental health. 

• Any improved reliability could benefit 
consumers  

• Cultural and economic benefits of restored fish 
habitat for tribal cultures and recreational fishing 
community  

• Benefits to commercial fisheries and businesses 
serving recreational users 

• Reduced aquifer withdrawals could reduce 
“mining” of ground water, leaving that supply 
for future generations  

• Improved sense of partnership among 
entities/communities in region 

 

Potential Environmental Costs Potential Environmental Benefits 
• Negative impacts on base flow, temperature and stream 

health related to replacement source 
• Resulting impacts to species at replacement source 
• Negative impacts to hatcheries at replacement source 

(effects on migration, water supply, etc.) 

• Positive impacts on base flow, temperature and 
stream health related to original source 

• Resulting benefits to species at original source 
• Benefits to hatcheries at original source 

(improved migration; water supply; etc.)  
• Improved sense of environmental stewardship & 

stakeholder collaboration. 
• Perceived value of restored habitat (not tribal, 

not fishers) (a.k.a. “existence value”) 

                                                 
1 All costs and benefits are assessed in terms of a change from baseline conditions, caused by the source-exchange 
project.  Costs and benefits listed do not apply in all cases.  Therefore each item listed should be considered “as 
applicable” to a specific source-exchange project. 
2 Rates charged by the supplying utility to the receiving utility are considered a transfer rather than a true cost.  
However, these must also be factored into the receiving utility’s decision to proceed.  See further discussion in text. 
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3.3.2 Estimating Costs and Benefits 

The feasibility of estimating reasonable values can vary widely for different types of 
costs and benefits. Financial costs and benefits such as changes in capital costs or 
operating costs are often readily estimated from engineering evaluations and existing 
utility performance.  In contrast, social and environmental values are in many cases 
difficult or expensive to estimate, principally because markets do not exist to determine 
these values. For example, estimates do not exist for cultural values such as those 
associated with Indian tribes. Other social values such as improved reliability can be 
inferred from engineering studies or water rights transactions. They also can be estimated 
using surveys about willingness to pay to avoid water restrictions or reductions. 

Most environmental values are also non-market costs and benefits. Accordingly, they 
must be inferred from water user activities and expenditures (as recreation) or responses 
to carefully constructed surveys. These methods are broadly classified as revealed 
preference and stated preference methods, respectively.3 Results of previously conducted 
studies can be used to inform decision-makers about the relative size of environmental 
costs and benefits for a particular project. The application of other studies’ results is 
called ‘benefits transfer’ and is commonly used in practice. However, such results should 
always be applied with caution because of the differences between projects and scope of 
impacts, differing value systems and circumstances in different regions, and the wide 
range of values that have been estimated for similar kinds of benefits.4  

Lifecycle Accounting Methods 

Lifecycle accounting methods capture current and future costs and benefits that stem 
from capital investments in source exchange. These costs and benefits extend over a 
planning horizon which may be 20 years or more depending on the project. Over this 
planning horizon, all future annual costs and benefits are discounted to the present so that 
they can be evaluated on a common dollar basis.  

Future cost and benefits are discounted because they are worth less in the present than 
their nominal future value.  The discount rate used to generate present values can vary 
depending on whether private financial investments or public investments in 
environmental / social benefits are favored for these projects. The U.S. Office of 
Management and Budget (OMB) establishes guidelines on which discount rate to use.  
OMB currently recommends a real discount rate of 3% for projects with social and 
environmental benefits (OMB Circular A-94, 2007). The real discount rate excludes the 
effects of inflation, and is used in analyses where costs are also estimated in constant 
(real) dollars.  

Uncertainty Analysis 

Models that reflect uncertainty can improve the application of analysis to actual 
decisions. In such analyses, uncertainty is defined for some or all model parameters as a 

                                                 
3 Additional information on estimation methods is contained in Appendix B. 
4 Information about the relative sizes of values of water is contained in Appendix C. 
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range of reasonable values and a probability is assigned to each value. These values and 
probabilities define a probability distribution (the most well-known of which is the 
normal distribution). One effective and transparent way to define these distributions is 
through an open, consensus-building workshop session including experts and 
stakeholders. 

Quantifying and modeling uncertainty generally takes two steps. First, each model 
variable is defined with probability distribution parameters (such as low, most likely and 
high values). For example, consider a variable Value of Streamflow which can be 
measured in terms of hundreds of dollars per acre foot (af). By establishing values per 
acre foot at the most likely value ($300/af), low value ($200/af) and high value ($500/af); 
and by defining the expected shape of the distribution (normal, skewed on the high side, 
etc.), a probability distribution for that value can be developed.  

The second step combines all values and associated probability distributions into a 
simulation model. Results are generated from these models through a process called 
“Monte Carlo” simulation in which individual values are randomly drawn from each 
distribution in a single iteration of the simulation process. The Monte Carlo process 
solves the model thousands of times (iterations) to generate thousands of results. These 
results can then be used to understand the likelihood of a key outcome, such as the 
probability that benefits exceed costs. 

3.4 Alternative Frameworks for Source Exchange Evaluation  

Two types of analyses that can be used to assess costs and benefits of source exchange 
are: cost-benefit analyses (CBA) and triple bottom line assessments (TBL). These 
methods, described below, can be readily supplemented with uncertainty analysis (to 
incorporate uncertainty in values) and threshold analysis (to evaluate non-quantified 
benefits).  

3.4.1 Cost-Benefit Analysis 

Cost-Benefit Analyses (CBAs) principally involve a quantified evaluation of all 
monetized costs and benefits. In addition, when significant, a qualitative description of 
non-monetized costs and benefits is included in the analysis. As noted above, costs and 
benefits are measured from a baseline reference point and defined boundary conditions, 
and are then computed over the lifecycle planning horizon. Monetized values associated 
with capital infrastructure costs and operating costs are often the most readily available. 
Depending on the project, the full cost and benefits may include estimates of the changes 
in environmental conditions, economic externalities, opportunity costs, and societal 
objectives (for definition of these terms, see Appendix A). When these values are 
difficult to quantify, decisions can be made to either conduct non-market valuation 
studies, identify benefit transfer values, or conduct a threshold analysis. 

A common confusion in computing CBAs involves financial “transfers” from one party 
to another.  Water rates paid by users are one type of transfer. Water rates are neither 
benefits nor costs from source-exchange projects in an economic cost-benefit analysis. 



November 28, 2007 

Water Source Exchange Projects – Methods for Assessing Costs, Benefits, and Cost Sharing Opportunities 9 
King County 

Money is transferred from one party to another but the net effect is zero. Taxes are 
another example of transfers that are not true costs or benefits.   

While financial transfers are not counted as costs or benefits in a CBA, they are still 
important (even critical) in terms of the practical incentives and disincentives for project 
implementation.  These elements can be considered in separate financial feasibility 
analyses that assess the business case for utility investments. The business case focuses 
on returns on investment to a particular organization.  Rates, taxes and similar 
considerations need to be factored into financial feasibility analyses.  Financial feasibility 
analyses are appropriately discussed in a TBL (see further discussion below). 

Threshold Analysis of Non-monetized Benefits and Costs 

Threshold analyses assess non-quantified benefits and costs in hypothetical terms. In a 
decision-making context, these analyses are especially useful when non-quantified costs 
or benefits may be large enough to change a project’s net present value from negative to 
positive (or vice versa). The “threshold value” represents the value that society would 
need to assign to non-quantified benefits in order to balance the ledger.  

Threshold analyses can be highly effective in a decision-making context.  Even lacking 
quantitative data, decision-makers can often readily evaluate whether the threshold value 
is reasonable or not in terms of the public’s willingness to pay for the benefits identified. 

Limitations of CBA 

CBAs are regularly conducted to aid in decision-making. Caution must be used in 
applying CBA results because many benefits, potentially significant ones, are not 
monetized or even quantified in the results. In addition, when environmental and social 
values for a project are derived from other studies, the values may not be directly 
applicable to the situation of interest. In all cases, CBA studies must carefully document 
all potential benefits and costs and carefully assess the importance of those which are not 
included in the quantitative analysis. 

CBA Applied to Two Illustrative Examples 

Cost-benefit analysis case studies are presented below for two separate source-exchanges, 
labeled Utility 1 and Utility 2. The analyses are loosely based on local utilities in King 
County.  In both cases, a local ground water source would be replaced by water from a 
regional supply source during the summer peak-demand season when streams typically 
experience low-flow conditions.  This replacement timing is defined for illustrative 
purposes only.  The actual timing for a real project would depend on the lag-time 
between pumping activity and stream-flow response, and lag time varies depending on 
the hydrogeologic setting and well characteristics. 

These examples were developed for solely to illustrate the economic analysis methods 
described in this report.  In order to capture realistic considerations, the examples are 
rooted in information provided by actual water utilities in King County.  However, the 
specific data presented have not been rigorously validated or peer-reviewed.  Therefore 
these examples are not suitable for actual project decisions or other purposes besides 
illustration of the economic framework. 
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It should be noted the source exchange characteristics discussed here are particular to the 
two examples offered by utilities in support of the Source Exchange Committee.  Source 
exchanges do not have to be limited to summer season cessation of pumping.  Other 
examples could have very different characteristics that would lead to different 
cost/benefit comparisons. 

The costs and benefits identified for these two examples may not be comprehensive.  
Additional costs and benefits could be identified and quantified for a given example.  
Decisions can be made in the course of the analysis as to whether given costs or benefits 
are significant enough to warrant consideration.  Similar decisions can be made regarding 
the level of effort warranted to quantify key characteristics of costs and benefits, as well 
as whether to develop monetized estimates for any given cost or benefit. 

Data and Assumptions 

Details of these examples are described in Table 2 and Table 2.  The two examples would 
receive water from different physical sources.  In both cases the receiving utility can 
utilize source and transmission infrastructure that is independent of the source-exchange 
project.  Capital investments would be needed to distribute water within the receiving 
utilities’ distribution systems.  For Utility 2, these improvements are fairly significant, 
while for Utility 1 they are relatively minor.  The time period analyzed is 25 years.   

For purposes of this report, it was assumed that seasonal elimination of pumping from 
local wells would improve flow in nearby streams by 30% of the pre-existing pumped 
quantity.  This assumption is not based on detailed scientific analysis and was made 
simply to allow demonstration of the economic analysis techniques presented here.  Since 
the purpose of the source exchange projects considered here is to improve stream flow 
and habitat, the degree of flow improvement dictates the magnitude of benefits achieved.  
For an actual project, site-specific hydrogeologic investigation or modeling could be 
carried out to improve estimates of flow benefits.   

CBA Results for Illustrative Examples 

Results of the cost-benefit analyses for Utilities 1 and 2 are contained in Table 4 and 
Table 5. Key assumptions for the analyses are contained in the upper section of the 
tables. Calculations for costs and benefits are divided into separate sections and 
organized by type of cost and benefit. Results are shown in the bottom section of the 
table in terms of the net present value (NPV). For these two examples, the NPV of Utility 
1 is positive $1.01M ($0.06M annually); while the NPV of Utility 2 is negative $7.92M 
(negative $0.45M annually). The comparatively large negative NPV for Utility 2 is 
driven by its high capital cost for a reservoir (water tank) in the local distribution system.  
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Table 2: Utility 1 Assumptions 
Description Quantities Range (10 - 90%)

Key assumption:  existing water rights are fully retained by the utility. 
-  Increase quantity of supply to a utility July 1 - Sept. 30 every year, fully replacing the 
utility's well production during this season.  

Monthly avg. = 3.4 mgd 
(5.3 cfs)

-  No change in supply during remainder of year. N/A

-  Seasonal cessation of pumping assumed to improve base flow and water temperature 
in tributaries and main river.  For simplicity, lag-time is assumed to be negligible.

Assume flow increase of 
30% of pumped quantity 
(midpoint of range). 

Assume flow increased 
by 10-50% of pumped 
quantity.

Baseline stream flow without source exchange (assumed value of long-term median 
daily flow for August-Oct..).

Creek:  26 cfs;            
River: 81 cfs

-  Capital improvements for transmission and delivery to the utility are assumed 
unnecessary since pipeline and delivery points will exist even without the source 
exchange project (incremental effect negligible). N/A
- Capital improvements within the utility's system assumed to be necessary but limited 
(upsize some local piping). N/A
Several Tribes may benefit. Assume Tribe 1 benefits more than Tribes 2 and 3. Tribes 
have different populations and locations.  

 

 
Table 3: Utility 2 Assumptions 

Description Quantities Range (10 - 90% certainty)
Key assumption:  existing water rights are fully retained by the utility.
Provide supply to Utility July 1 - Sept. 30 every year, fully replacing well production during 
this season (assumes this possible, ignoring daily variation in peaking).  

Monthly avg. = 3.4 
mgd (5.3 cfs)

No change in supply during remainder of year. N/A
Seasonal cessation of pumping assumed to improve base flow in local creeks.  For 
simplicity, lag-time is assumed to be negligible.

Assume flow 
increase of 30% of 
pumped quantity 
(midpoint of range).

8 to 12 miles.  Assume flow 
improved by at least 10% to 
50% of pumped quantity.

Baseline stream flow without source exchange (assumed value of long-term median 
daily flow for August-Oct.).

Creek 1:  33 cfs        
Creek 2:  2.6

Capital improvements for transmission and delivery to utility assumed relatively minor 
since pipeline and delivery points will exist even without the source exchange project.

Need one mile pipe 
built now, instead of 

20 yrs. from now.
Significant capital improvements needed within Utility's system (1 reservoir plus piping in 
several areas).
Several Tribes may benefit. Assume Tribe 1 benefits more than Tribes 2 and 3. Tribes 
have different populations and locations.
Assume replacement water not available two years out of 50, due to availability 
constraints upstream.  To account for climate change, assume there's a 5% chance this 
risk will double by year 20.  

Reduces some 
costs & benefits.
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Table 4: Cost Benefit Analysis of Utility 1  
Project Description

Planning Horizon 25 years
Duration of Source Exchange 3 Months: July, August, September

Rate of use 3.4 MGD
Impact on Streamflow 30% of reduced volume is returned to stream

Real Discount Rate 3%
Capital Construction Period 3 years

Costs

Capital Most Likely Low High
Local distribution improvements ($ M) $2.0 $1.6 $2.4

Total Capital Cost ($ M) $2.0
Annual Cost of Exchange Water

Quantity (from exchange source) (ccf) 418,153 334,522 501,783
Wholesale Charge Paid ($/ccf) $1.00 $0.80 $1.20

Annual Cost of Exchange Water ($ M) $0.42
Other Management Costs

Reduced utility autonomy (-)
Benefit

Annual O&M Benefits Most Likely Low High
Quantity Exchanged (avoided pumping) (ccf) 418,153 334,522 501,783

Pumping cost savings  ($/ccf) $0.25 $0.20 $0.30
Reduced pumping cost ($ M) $0.10

Annual Revenue From Exchange Water
Quantity (from exchange source) (ccf) 418,153 334,522 501,783
Wholesale Revenue Received ($/ccf) $1.00 $0.80 $1.20

Prorated cost of infrastructure ($ M) $0.42
Annual Environmental Benefits

Increased Streamflows (af) 289 96 481
WTP for increased flows ($/af) $200 $80 $500

Environmental Benefits ($ M) $0.06
One-time cost avoidance

Year of litigation (year) 5
Probability of regulation/litigation (%) 1.0% 0.8% 1.2%

Total cost impact ($ M) $5.0 $2.00 $10.00
Expected cost avoided ($ M, Year 5) $0.05

Other Benefits
Reduced pump wear and tear (+)

Cultural benefits (++)
Improved stewardship / partnership (+)

Contribution to fish habitat (++)
Net Present Value
Present Value Most Likely

Costs
Capital Cost ($ M) $1.94

Annual Costs over Planning Horizon ($ M) $7.50
Total ($ M) $9.44

Benefits
Annual Benefits over Planning Horizon ($ M) $10.41

Avoided Litigation Cost ($ M) $0.04
Total ($ M) $10.45

Net Present Value ($ M)
Total Net Benefits ($ M) $1.01

Annual Net Benefits ($ M) $0.06
Annual Net Benefits per person in King County ($) $0.03

Uncertainty Profile

Uncertainty Profile
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Table 5: Cost Benefit Analysis of Utility 2  
Project Description

Planning Horizon 25 years
Duration of Source Exchange 3 Months: July, August, September

Rate of use 3.4 MGD
Impact on Streamflow 30% of reduced volume is returned to stream

Real Discount Rate 3%
Capital Construction Period 3 years

Costs

Capital Most Likely Low High
Local distribution improvements ($ M) $10.0 $5.0 $15.0

Fluoridation ($ M) $0.5 $0.3 $1.0
Total Capital Cost ($ M) $10.5

Annual Cost of Exchange Water
Quantity (from exchange source) (ccf) 418,153 334,522 501,783

Wholesale Charge Paid ($/ccf) $1.00 $0.80 $1.20
Annual Cost of Exchange Water ($ M) $0.42

Other Management Costs
Reduced utility autonomy (-)

Benefit

Annual O&M Benefits Most Likely Low High
Quantity Exchanged (avoided pumping) (ccf) 418,153 334,522 501,783

Pumping cost savings  ($/ccf) $0.16 $0.13 $0.19
Reduced pumping cost ($ M) $0.07

Annual Revenue From Exchange Water
Quantity (from exchange source) (ccf) 418,153 334,522 501,783
Wholesale Revenue Received ($/ccf) $1.00 $0.80 $1.20

Prorated cost of infrastructure ($ M) $0.42
Annual Environmental Benefits

Increased Streamflows (af) 289 96 481
WTP for increased flows ($/af) $200 $80 $500

Environmental Benefits ($ M) $0.06
One-time cost avoidance

Year of litigation (year) 5
Probability of regulation/litigation (%) 1.0% 0.8% 1.2%

Total cost impact ($ M) $5.0 $2.00 $10.00
Expected cost avoided ($ M, Year 5) $0.05

Other Benefits
Reduced pump wear and tear (+)

Cultural benefits (++)
Improved stewardship / partnership (+)

Contribution to fish habitat (++)
Net Present Value
Present Value Most Likely

Costs
Capital Cost ($ M) $10.20

Annual Costs over Planning Horizon ($ M) $7.50
Total ($ M) $17.70

Benefits
Annual Benefits over Planning Horizon ($ M) $9.73

Avoided Litigation Cost ($ M) $0.04
Total ($ M) $9.78

Net Present Value ($ M)
Total Net Benefits ($ M) ($7.92)

Annual Net Benefits ($ M) ($0.45)
Annual Net Benefits per person in King County ($) ($0.25)

Uncertainty Profile

Uncertainty Profile

 

The results shown in Tables 4 and 5 are primarily centered around monetized costs and 
benefits.  Other costs and benefits thought to be significant are identified for 
consideration and their magnitudes are indicated in broad terms with negative signs and 
plus symbols.  The notation (-) indicates a low cost, while (--) indicates a high cost.  
Similarly, (+) indicates a small benefit, while (++) indicates a large benefit.   

These non-monetized costs and benefits are not included in net present value calculations 
(shown at the bottom of the tables).  This is due in part to limited information and the 
constrained scope of this particular study.  In other contexts, and certainly in real 
analyses, information could be developed that could allow such benefits to be either 
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monetized, or at least quantified in non-monetary terms.  This additional information 
would add considerably to the adequacy of cost-benefit analysis results. 

For example, one of the benefits identified is the project’s contribution to fish habitat.  In 
a more complete analysis, the characteristics of the anticipated habitat improvement 
could be defined and described in greater detail. These details would permit comparisons 
to be made with other habitat attributes, from habitat limiting factors analyses; instream 
flow incremental methodology (IFIM) studies; Ecosystem Diagnosis and Treatment 
(EDT) studies; or other techniques for assessing habitat quality and the effectiveness of 
habitat improvements.  The benefits of the flow improvements could then be monetized 
by estimating the costs of creating habitat through other means. Such approaches can 
assist in at least “bracketing” the value of the stream flow enhancement achieved by the 
source exchange project. 

Similar techniques can be applied to estimating the value of certain types of social 
benefits.  For example, estimates of the magnitude of the effects can be based on: number 
of people affected; geographic extent of impacts; or comparison with other types of social 
effects. These project impact characteristics could aid in monetizing benefits for source 
exchange projects that result in improvements in water supply reliability, or changes in 
perceived taste of the water delivered. 

At the same time, the limitations of quantification, let alone monetizing all benefits, 
should be recognized.  The magnitude of benefits characterized as having cultural 
significance, for example, are impossible to achieve consensus on.  This is because 
human values cannot be readily quantified or monetized.  For these types of costs and 
benefits, the best that can be done is to provide a narrative description of expected effects 
of the project and highlight this information so it can receive attention on par with 
monetized elements within the decision-making process. 

While these methods will not completely overcome the limitations of cost-benefit 
analysis, through use of indirect measures and comparisons, decision-makers can 
improve their understanding of the magnitude of potential benefits.  

Threshold Analysis 

Threshold analysis offers another technique for considering non-monetized elements 
within the analysis.  The CBA indicated a negative benefit for Utility 2, so long as only 
the monetized costs and benefits are considered.   In Table 5, the annual amount by which 
costs exceed benefits (the threshold value) is approximately $0.45 million for Utility 2.  
Expressed on a per capita basis for King County as a whole, this threshold value is $0.25 
per person (Note:  other populations, such as watershed, region, or state may also be 
appropriate for per-capita comparisons).  

The threshold analysis applies the following question:  how much would non-monetized 
benefits need to be worth, in order for the NPV to shift from a negative value to a value 
of exactly zero?  In that case, benefits would exactly equal costs.  If the NPV were then 
shifted further, into the positive range, this would mean that benefits exceeded costs.  
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This approach sidesteps the need for extensive analysis of non-monetized benefits, and 
can, in some cases, lead to a relatively simple decision on whether to invest in a given 
project. 

The source-exchange projects in the examples could yield improvements in fish habitat 
and associated cultural values related to tribal communities that rely on the salmon 
resource.5 Although the extent of these improvements has not been specifically defined 
for the projects in question, it is highly plausible that these values are large enough to 
shift the NPV into the positive range even for Utility 2.  The threshold values represent a 
fraction of the values estimated in the literature (Appendix C). For example, tangible 
improvements in fishing could generate $43.52 per day for recreational users of the 
stream (based on literature from other studies in other locales). As shown above, these 
compare with a value well under one dollar per day, for the public at large. Depending on 
the number of recreational users, this may demonstrate a substantial value that can shift 
the NPV towards the positive range.  Cultural values provide another element that can 
also be compared with the threshold value.   

Uncertainty Analysis 

Uncertainty analysis is also demonstrated in these models by specifying low and high 
values for each model variable. These are not extreme outliers but rather represent 
roughly the 10th and 90th percentiles of expected values.  The low and high values, along 
with the most likely value are used as parameters in a distribution characterizing a range 
of possible values, along with the probability that a value in this range would actually 
occur. With all inputs characterized as probability distributions, Monte Carlo simulation 
is performed to determine not just a most likely value but a distribution of outcomes 
(with each outcome described by the probability that it would occur). 

Uncertainty analysis results for Utility 1 and 2 are presented in Figure 1. The figure 
displays “S-curves” that represent cumulative distributions of the NPV calculated for all 
monetized costs and benefits. For Utility 1, the results indicate that at 50% probability 
(the median value), the NPV is positive $1M. In contrast, the median value for Utility 2 is 
about negative $8M.  

Where the S-curves cross the zero line, the corresponding probability represents the 
probability that monetized costs would be larger than monetized benefits. For Utility 1, 
monetized benefits would exceed monetized costs at most probability levels.  However 
there is a small chance (less than 20%) that costs would exceed benefits.  For Utility 2, 
monetized costs exceed monetized benefits at all probability levels.   

However, non-monetized benefits could be significant, depending on the project. The red 
arrows on the graph indicate the threshold values (where benefits equal costs) for several 
probability levels. Dotted arrows indicate that non-monetized benefits could be even 
greater than the threshold values.  

                                                 
5 Note that in other projects, reliability could be an important factor. 
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Figure 1: Uncertainty-Adjusted NPV for Utilities 1 and 2 
Utility 1 Utility 2 
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Figure 2 includes ‘tornado’ diagrams for each utility. Tornado diagrams indicate which 
variables have the strongest influence on the uncertainty-adjusted NPV. Factors with the 
highest magnitudes of correlation between NPV and the cost driver (indicated by the 
lengths of the bars in the chart) are those which have the most significant influence in 
increasing or decreasing NPV. For the Utility 1 example, results show that the WTP for 
increased flows ($/af) and the quantity increase in stream flows (af) have the strongest 
impact on NPV (ignoring factors that cancel each other out in the analysis). For Utility 2, 
the cost of local distribution improvements is the single largest driver of costs and total 
NPV.  These results are dependent on the assumptions described previously for each 
variable.  For example, if further analysis determined that stream flow impacts were 
larger than assumed, this would result in a stronger effect by this variable.  Returning to 
Figure 1, this would shift the NPV “S-curve” to the right. 

As noted previously, caution must be used in applying CBA results because many 
benefits, potentially significant ones, are not monetized or even quantified in the results.   
For example, as noted previously, cultural and legal issues associated with salmon in the 
tribal context cannot be quantified effectively in economic terms.  In addition, when 
environmental and social values for a project are derived from studies carried out for 
other projects in other places, the values must be applied with considerable caution. In all 
cases, CBA studies must carefully document all potential benefits and costs and carefully 
assess the importance of any which are not included in the quantitative analysis. 
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Figure 2: Comparison of Cost Drivers for Utilities 1 and 2 
Utility 1 

0.10

0.12

-0.12

0.25

0.28

0.43

-0.45

-0.45

0.45

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

Pumping cost savings ($/ccf)

Pumping Quantity Avoided  (ccf) 

Local distribution improvements ($ M) 

Increased Streamflows (af) 

WTP for increased flows ($/af

Received Quantity (from source exchange) (ccf) 

Provided Quantity (of source exchange) (ccf) 

Wholesale Charge Paid ($/ccf)

Wholesale Revenue Received ($/ccf)

Correlation

Utility 2 

0.13

0.17

0.24

-0.24

0.27

-0.27

-0.83

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4

Increased Streamflows (af) 

WTP for increased flows ($/af

Wholesale Revenue Received ($/ccf)

Provided Quantity (of exchange source) (ccf) 

Received Quantity (from exchange source) (ccf) 

Wholesale Charge Paid ($/ccf)

Local distribution improvements ($ M) 

Correlation

 
3.4.2 Triple-Bottom Line Assessment  

A TBL assessment groups costs and benefits into different types of outcomes: financial, 
environmental, and social.  Typically, TBLs characterize financial outcomes from a 
financial feasibility perspective. A series of social and environmental considerations are 
evaluated for relevancy and importance, but without necessarily quantifying or 
monetizing. The TBLs ultimately compare net financial costs with a list of relevant social 
and environmental benefits which may be quantitatively or qualitatively scored. 

Limitations of TBL 

In TBL analyses, difficulties can arise in specifying values for qualitative criteria. As 
noted above, qualitative scores are best defined collaboratively with stakeholders and 
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experts. Even so, qualitative criteria scores are developed either by comparing project 
impacts with an ideal goal or by comparing projects among each other. Often, the latter 
approach is easier because an ideal value is difficult to define, let alone reach consensus 
upon. Accordingly, TBL analyses are well-suited for selecting among projects because 
projects may be compared against one another in relative terms.  It should be noted that 
the choice of project alternatives is separate from the decision of whether a project is 
justified or not.   

TBL Applied to Two Illustrative Examples 

The same two illustrative examples described previously are considered here using the 
TBL approach.  However, the approach outlined above has not been fully implemented 
because values for some of the important environmental and social benefits are not 
quantified. Instead, this section discusses categories of TBL including the computation of 
financial feasibility.  

Financial 

Financial measures of source-exchange outcomes principally consist of the differences in 
costs of producing, treating and delivering water from new and existing sources, 
respectively.  The financial feasibility is assessed from the perspective of the receiving 
utility. A key driver of cost is the Water Rate that the supplying utility may charge on a 
per-ccf basis for water delivered.  Based on utility interviews and the specific conditions 
applying for the two examples, the assumption used here is that the supplying utility  
would charge $1.00 per ccf for delivery of source-exchange water.   

All financial measures are evaluated as present values.  In the examples, a 3% real 
discount rate and a 25-year planning horizon are used. Results are shown in Table 6 and 
Table 7. 
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Table 6: Financial Feasibility Analysis of Utility 1 
Project Description

Planning Horizon 25 years
Duration of Source Exchange 3 Months: July, August, September

Rate of use 3.4 MGD
Impact on Streamflow 30% of reduced volume is returned to stream

Real Discount Rate 3%
Capital Construction Period 3 years

Financial Costs and Benefits
Financial Costs

Capital Most Likely Low High
Local distribution improvements ($ M) $2.0 $1.6 $2.4

Total Capital Cost ($ M) $2.0
Annual Cost of Exchange Water

Quantity (from exchange source) (ccf) 418,153 334,522 501,783
Wholesale Charge Paid ($/ccf) $1.00 $0.80 $1.20

Annual Cost of Exchange Water ($ M) $0.42
Financial Benefits

Annual O&M Benefits Most Likely Low High
Quantity Exchanged (avoided pumping) (ccf) 418,153 334,522 501,783

Pumping cost savings  ($/ccf) $0.25 $0.20 $0.30
Reduced pumping cost ($ M) $0.10

One-time cost avoidance
Year of litigation (year) 5

Probability of regulation/litigation (%) 1.0% 0.8% 1.2%
Total cost impact ($ M) $2.5 $1.00 $5.00

Expected cost avoided ($ M, Year 5) $0.03
Other Fixed Benefits

Reduced pump wear and tear (+)
Financial Net Benefits
Present Value Most Likely

Costs
Capital Cost ($ M) $1.94

Annual Costs over Planning Horizon ($ M) $7.50
Total ($ M) $9.44

Benefits
Annual Benefits over Planning Horizon ($ M) $2.91

Avoided Litigation Cost ($ M) $0.02
Total ($ M) $2.93

Net Present Value ($ M)
Total Net Benefits ($ M) ($6.51)

Annual Net Benefits ($ M) ($0.37)
Annual Net Benefits per person in King County ($) ($0.20)

Uncertainty Profile

Uncertainty Profile

 

 



November 28, 2007 

Water Source Exchange Projects – Methods for Assessing Costs, Benefits, and Cost Sharing Opportunities 20 
King County 

Table 7: Financial Feasibility Analysis of Utility 2 
Project Description

Planning Horizon 25 years
Duration of Source Exchange 3 Months: July, August, September

Rate of use 3.4 MGD
Impact on Streamflow 30% of reduced volume is returned to stream

Real Discount Rate 3%
Capital Construction Period 3 years

Financial Costs and Benefits
Financial Costs

Capital Most Likely Low High
Local distribution improvements ($ M) $10.0 $5.0 $15.0

Fluoridation ($ M) $0.5 $0.3 $1.0
Total Capital Cost ($ M) $10.5

Annual Cost of Exchange Water
Quantity (from exchange source) (ccf) 418,153 334,522 501,783

Wholesale Charge Paid ($/ccf) $1.00 $0.80 $1.20
Annual Cost of Exchange Water ($ M) $0.42

Financial Benefits

Annual O&M Benefits Most Likely Low High
Quantity Exchanged (avoided pumping) (ccf) 418,153 334,522 501,783

Pumping cost savings  ($/ccf) $0.16 $0.13 $0.19
Reduced pumping cost ($ M) $0.07

One-time cost avoidance
Year of litigation (year) 5

Probability of regulation/litigation (%) 1.0% 0.8% 1.2%
Total cost impact ($ M) $2.5 $1.00 $5.00

Expected cost avoided ($ M, Year 5) $0.03
Other Fixed Benefits

Reduced pump wear and tear (+)
Financial Net Benefits
Present Value Most Likely

Costs
Capital Cost ($ M) $10.20

Annual Costs over Planning Horizon ($ M) $7.50
Total ($ M) $17.70

Benefits
Annual Benefits over Planning Horizon ($ M) $2.23

Avoided Litigation Cost ($ M) $0.02
Total ($ M) $2.26

Net Present Value ($ M)
Total Net Benefits ($ M) ($15.44)

Annual Net Benefits ($ M) ($0.89)
Annual Net Benefits per person in King County ($) ($0.49)

Uncertainty Profile

Uncertainty Profile
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For the two illustrative examples the NPVs of the projects to the receiving utility are 
lower than the public NPV resulting from the Cost Benefit Analysis shown previously 
(Tables 4 and 5). The utility-specific NPVs are negative $6.51M ($0.37M annually) and 
negative $15.44M ($0.89M annually) for Utilities 1 and 2, respectively.  The financial 
feasibility approach considers a narrower set of costs and benefits, and therefore yields 
different results.  On an annual per capita basis in King County, these costs are 
approximately $0.20 and  $0.49, respectively (again, it should be noted that other scales 
may also be appropriate for per-capita comparisons). 

Conditions may be very different if the supplying utility and receiving utility did not have 
the kind of relationship present in these examples.  For purposes of comparison, a 
separate analysis was run assuming higher costs would be charged per ccf delivered to 
the receiving utility..  For Utility 1 the rate used was a range from $3.25 to 6.50 per ccf 
($4.88/ccf midpoint).  For Utility 2, the rate used was a range from $2.00 to $4.00 per ccf 
($3.00/ccf midpoint).  These values depend on simplifying assumptions and should not be 
used other than for the illustrative purposes intended here.  Using these values, Utility 1 
would experience total (and annual) costs of $35.57M ($2.04M).  Utility 2 would 
experience total (and annual) costs of $30.44M ($1.75M).  These costs would need to be 
weighed against the benefits of the project from the utility’s perspective; and considered 
in the context of any outside funding available to offset these costs. 

Environmental 

Environmental measures of source exchange include monetized and non-monetized 
impacts. Quantitative and qualitative results are shown in Table 8 and Table 9.  
Monetized impacts include the value of increased stream flow which can be estimated 
using stated preference methods (surveys). The value of stream flow could include any 
recreational (passive or active) uses of the streams. Other environmental impacts include 
lower ambient water temperature. Temperature changes (in degrees C) given most likely 
source-exchange levels are estimated for a variety of streams and reaches and range from 
(-0.2) to (-2.1) degrees C.  These impacts affect water in the streams for several miles 
downstream. In comparison, baseline summer temperatures (in degrees C) in the various 
water bodies range from approximately 16 to 26.  It should be noted that the temperature 
results are based on a cursory review of data and simple assumptions.  These results have 
not been rigorously validated or peer-reviewed.   

The stream flow and temperature improvements may translate into improved fish 
production.  Indeed, this is a primary objective of the source-exchange projects.  The 
Source Exchange Committee recognizes that potential increases in fish production related 
to source-exchange projects have not been quantified at this time either in biological or 
monetary terms.  Therefore this is identified as an expected benefit, but is not presented 
in quantitative terms.   
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Social 

The most significant social benefits are related to cultural values associated with the 
expected improvement in fish production. In the illustrative examples three separate 
tribes would benefit from these improvements.  The most significant benefits would be 
experienced by a tribe with approximately 3,500 members.  Some benefits would also be 
experienced by two additional tribes having approximately 800 and 3,500 members 
respectively.   

Non-indian fishers in the region would also benefit from improvements in fish 
production.  There are also intrinsic values to stream restoration felt by the general 
public.  

More broadly, source-exchange projects are likely to generate an improved sense of 
partnership and environmental stewardship among participating entities.  

Qualitative results are shown in Table 8 and Table 9.  Since social benefits have not been 
quantified, there are no quantitative results to report.. However, as discussed in Section 
3.4.1, techniques are available to devote further attention to quantifying social benefits. 

 

Table 8: Environmental and Social Analysis of Utility 1 
Environmental Benefits

Annual Environmental Benefits Most Likely Low High
Increased Streamflows (af) 289 96 481

WTP for increased flows ($/af) $200 $80 $500
Environmental Benefits ($ M) $0.06

Other Benefits
Contribution to fish habitat (++)

Social Benefits
Reduced utility autonomy (-)

Cultural benefits (++)
Improved stewardship / partnership (+)

Uncertainty Profile

 

 

Table 9: Environmental and Social Analysis of Utility 2 
Environmental Benefits

Annual Environmental Benefits Most Likely Low High
Increased Streamflows (af) 289 96 481

WTP for increased flows ($/af) $200 $80 $500
Environmental Benefits ($ M) $0.06

Other Benefits
Contribution to fish habitat (++)

Social Benefits
Reduced utility autonomy (-)

Cultural benefits (++)
Improved stewardship / partnership (+)

Uncertainty Profile
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3.4.3  Advanced Treatment of Non-Quantified Benefits in TBL 
Framework 

A more advanced approach involves weighting TBL elements and scoring them using a 
relative scale.  This framework allows financial, social and environmental factors to be 
directly compared.  Projects can be compared against one another and ranked, even when 
non-monetized elements are highly significant in the decision process.  As with cost-
benefit analysis, considerable care and skill must be applied in using this approach.   

Project Description (Illustrative) 

To illustrate this model, consider five source-exchange projects (Table 10). In this 
hypothetical example, each of the projects involves a different volume of source-
exchange water. 

Table 10: TBL Example Project Descriptions  

 

LIST OF PROJECTS

Index Project List Location Volume of 
Water (mgd)

1 Project A Community 1 2.5
2 Project B Community 2 3.3
3 Project C Community 3 5.0
4 Project D Community 4 4.3
5 Project E Community 5 2.4  

 

Selecting Criteria and Defining Criteria Scores 

Criteria must be explicitly defined, especially non-monetized criteria, so that it is clear 
how their values will be expressed and compared.  Some non-monetized criteria can be 
expressed in commonly recognized units, such as degrees of temperature change or 
population affected.  Others can be expressed using unitless scores.   For example, 
qualitative criteria can be scored on an independent scale from 0 to 10, with 10 being the 
most favorable.  Based on these definitions, scores from 0 to 10 are computed or 
assigned.6  The basis for assigning these scores should be clearly defined and 
documented. A stakeholder process may be appropriate for defining the criteria and 
assigning scores. 

Weighting Criteria 

After criteria have been selected and defined, weights can be assigned to the criteria 
based on each criterion’s relative importance to the decision-maker or decision making 
body (Table 11). In this example each of the financial, social and environmental ‘bottom 
lines’ all have equal weight (33.3%). The criteria within each of these categories are 
established independently, provided they sum to 33.3% for each category.  However, this 

                                                 
6 As shown with the CBA model, if TBL values are uncertain, ranges expressing uncertainty can be applied. 
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does not have to be the case.  For a particular decision process, the weights assigned to 
the three bottom lines could be different (e.g. 25%, 25%, 50% or some other 
combination). 

 
Table 11:  TBL Example Criteria Identification and Weighting  

 

Criteria Weights
Financial Outcomes 33.3%

Capital and Net Operating Cost ($M) 33.3%
Social Outcomes 33.3%

Improved Reliability (0-10 score) 16.7%
Improved Cultural Value (0-10 score) 16.7%

Environmental Outcomes 33.3%
Improved Streamflow (0-10 Score) 11.1%
Improved Fish Production (0-10 score) 11.1%
Improved Water Temperature (deg C) 11.1%

Total 100.0%

Criteria

 
The process of weighting the criteria allows certain criteria to be emphasized over others, 
if desired.  However, it should be noted that the effects of weighting need to be carefully 
examined throughout the scoring process to ensure the desired emphasis does not 
inappropriately magnify differences that are not truly significant.  For example, if one 
criterion is heavily weighted, yet differences in this criterion among the project 
alternatives are small, the weighting system may cause that criterion to overwhelm other 
criteria that actually have more significant differences across projects.   

However, it is also important that weights be established early in the process, to reflect 
the “value system” of the scoring group.  To balance these issues, it is recommended that 
weights be established initially based on clear definition of the scoring group’s value 
system and that the effects of weighting be evaluated after scoring is complete to ensure 
that the interrelationship of weighting and scoring is well understood and accurately 
reflects the defined value system.  Sensitivity analysis can be used for this purpose. 

Scoring and Ranking Projects 

Project scores are presented in Table 12. As shown, actual values are measured in 
different units including millions of dollars, unitless scores and temperature in degrees.  
Care should be taken in cases where the same units appear in different columns that may 
be weighted differently.  This is especially true for monetized criteria, since dollar values 
presumably should be constant from one criterion to another, and assigning differing 
weights would disrupt this constant relationship. 
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Table 12: TBL Example Project Scores 

  

Project List Project A Project B Project C Project D Project E

Financial Criteria

Capital and Net Operating Cost ($M) $4.0 $3.0 $6.0 $7.0 $2.0

Social Criteria

Improved Reliability (0-10 score) 8 8 6 7 5

Improved Cultural Value (0-10 score) 6 7 4 5 6

Environmental Criteria

Improved Streamflow (0-10 Score) 5 6 7 6 4

Improved Fish Production (0-10 score) 4 7 4 7 6

Improved Water Temperature (deg C) 1.0 2.9 2.4 2.0 1.1

Triple Bottom Line Critieria

 

Final project scores are computed by converting actual score values into relative scores. 
Actual scores from Table 12 are presented for each criterion in the left columns for each 
criterion in Table 13; while relative scores are shown in the right column for each 
criterion.  A relative score is computed by dividing the individual project score by the 
sum of all project scores within a criterion.  Total project scores (second to last column in 
Table 13) are computed by multiplying weights by relative scores and summing the 
products across all criteria. This weighted sum is the final project score and is used to 
rank projects (last column in Table 13). 

Table 13: TBL Example Scoring and Ranking Model 
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The advantage of employing a scoring system such as the one described here is that it can 
put all three elements of the “Triple Bottom Line” on similar footing in decision-making.  
It also provides flexibility to permit one or more elements to receive increased emphasis 
if appropriate.  However, like cost-benefit analysis, the procedure requires considerable 
care in application.  In using this procedure, scrutiny of the interplay among scoring, 
weighting and results is important at each stage.  Sensitivity analysis may be necessary to 
fully understand how weights and scores interact.  If a new project alternative is 
identified, it should be scored together with all of the others in order to preserve the 
validity of relative scores.  Finally, transparency and thorough documentation of the 
scoring procedure is recommended. 
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4.0 Cost-Sharing Opportunities  

This section of the report turns from the analysis of costs and benefits to a separate question:  
how could project costs be distributed to enhance incentives for source-exchange projects?  This 
is particularly important because this project is intended to address voluntary source-exchange 
projects only.  For many source-exchange projects that could be done, the participating utilities 
may not benefit directly from the project, or benefits may be small in comparison with costs.  
Where this is the case, alternative funding arrangements will be needed.   

4.1 Funding Approaches 

There are many different ways source-exchange projects could be funded.  Projects may 
be funded by themselves; or as part of a broader package.  For example they could be 
funded in the context of Water Resource Inventory Area (WRIA) programs, other habitat 
restoration programs; ground water management programs; or permitting or mitigation 
for other unrelated projects.   

Funding could come from a single entity or a combination of organizations.  The 
literature review performed for this project suggests various categories of organizations 
could be motivated to contribute funding or other resources.  These organizations 
include:  

 State, local and federal governments; 
 Water, wastewater and power utilities; 
 Indian Tribes; 
 Non-profits and foundations; 
 Corporations; landowners; developers; 
 Resource users (fishers, recreational users, etc.). 

In order for an organization to provide funding, two basic criteria must be met: 

 The organization must have legal authorization to fund the project; and 
 The organization must have financial capacity to fund the project. 

4.2 Incentives and Disincentives 

The following incentives and disincentives were identified, relevant to an organization’s 
willingness to contribute funding for source exchange.   

Incentives 

 Project provides direct benefits to the organization or its constituency; 
 Project provides benefits that serve the organization’s mission, goals, or objectives; 
 Project reduces a significant risk, such as risk of litigation or water shortage; 
 An organization bears (or shares) responsibility for past depletion of aquatic 

resources; 
 An organization needs mitigation “credits” to offset some new, planned action; 
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Disincentives 

 An organization’s constituency already bears the impacts of past actions by others, 
and may not want to bear a cost for restoration. 

 An organization is already making substantial contributions to funding restoration 
actions, and is near the limit of its capacity.  

Even when these disincentives are present, the incentives listed previously may outweigh 
them and lead to a positive decision to contribute to a source-exchange project. 

The literature review performed for this project (results provided in a separate technical 
memorandum) identified additional incentives that have spurred source exchanges in 
other contexts.  These include threats to an organization from regulatory action, litigation, 
or other “penalties.”  However this is considered not relevant to source exchanges as 
contemplated by the Source Exchange Committee, because the purpose here is to 
examine voluntary projects not motivated by a direct threat of pending litigation or 
regulatory action.   

4.3 Approach to Identifying Funding Opportunities 

Figure 3 displays a process for using benefits as the basis for developing funding 
proposals.  Box 1 in the flowchart has been addressed in prior sections of this report.  
Boxes 2 – 3 will be explored in this section, with reference to the two illustrative 
examples.  Box 4 would be necessary for an actual source-exchange project and would 
require an actual proposal to carry out.   

Figure 3:  Process for Identifying Funding Sources 

1.) Identify and 
quantify benefits

2.) Identify groups 
receiving benefits; 

and agencies 
whose mission 

relates to benefits.

3.) Identify specific 
administrative  

channel for funding 
(existing or new).  

4.) Initiate 
discussions to 
pursue funds.

 

 

4.4 Application to the Two Illustrative Examples  

The flowchart presented in Figure 3 can be applied to the two illustrative examples 
developed earlier in this report.  Since the two example projects have similar types of 
benefits, a single table was developed to cover both Utility 1 and Utility 2 (Table 14).  
Each of the funding sources listed in the right-hand column could be considered.  For an 
actual project, a short-list of these sources would be developed based on expected 
likelihood of securing the necessary dollar amounts; and communications and or 
applications would be made to pursue funding from those sources. 
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Table 14: Linkage of Benefits to Funding Sources 
Benefit Groups/Agencies Applicable Funding Sources 

Partial restoration of 
stream flow, water 
temperature and habitat 
productivity; together 
with cultural and 
recreational benefits of 
partially restored 
fisheries. 

Public at large (local, state, 
national); 
Indian tribes with affected 
fisheries (Muckleshoot, 
Suquamish, Tulalip); 
King County Department of 
Natural Resources and Parks; 
King County Conservation 
District; Washington State Dept. 
of Fish and Wildlife; 
Washington State Dept. of 
Ecology; 
National Marine Fisheries 
Service; 
WRIAs 8 & 9 Planning Groups 
(2496); 
Recreational fishers; 

State Salmon Recovery Funding Board 
(SRFB); 
State Ecology Water Rights Trust 
Program; 
State F&W fishing fees (punchcard); 
State capital budget earmark; 
King County property taxes; 
King County Conservation District levy; 
King County Board of Health fee on water 
utilities (would require new authorization); 
Access to federal grants through Tribal 
governments (e.g. Bureau of Reclamation; 
Section 319; congressional earmark); 

Reduced risk of litigation 
costs and potential 
mitigation requirements 
resulting. 

Local utility receiving water; 
Indian tribes with affected 
fisheries; environmental 
organizations 

Utility acceptance of partial cost of 
exchange, in proportion to reduced 
risk/cost. 
Access to federal grants through Tribal 
governments as above. 

Improved sense of 
partnership and 
environmental 
stewardship 

Participating utilities (receiver 
and supplier); 
King County & other local 
governments; State government; 
Tribes active in project 
development. 

This benefit would not likely provide a 
sufficient basis for funding participation 
(but may bolster the case for funding). 

Financial benefits 
(While there are financial 
benefits identified, these 
are less than the financial 
costs.  Therefore 
financial benefits do not 
provide a basis for 
identifying funding 
agencies.) 
 

n/a n/a 

 
Other funding sources may be identified for projects having different characteristics from 
the two examples.  For example, if reclaimed water were the source of the replacement 
supply, state funding may be available for this supply. 

Table 15 displays a technique for allocating project benefits on a percentage basis among 
different groups.   This type of table can also be used as a starting point for discussing 
potential cost-sharing formulas.  Considerable discussion is required to assign 
percentages to specific groups and it is not expected that a single percentage will fully 
reflect benefits.  However this can be useful to promote discussion of how benefits will 
be distributed, and that in turn can prompt consideration of potential funding formulas. 
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Table 15: Hypothetical Allocation of Benefits to Affected Groups 
Total Benefits Allocation of Benefits to Groups 

Type Value Utility 
customers 

Recreation/ 
commercial 

interests 

Environmental 
Interests 

General 
Public 

Monetized Benefits 
Cost savings 
on O&M $1.2M 100% 0% 0% 0% 

Improved 
stream flows $1.03M 0% 30% 35% 35% 

Litigation 
avoidance $0.04M 50% 0% 50% 0% 

Total PV of 
Monetized 
Benefits 

$2.27M $1.22M $0.31M $0.38M $0.36M 

Non-Monetized Benefits 
Reduced 
pump wear & 
tear 

+ 100% n/a n/a n/a 

Cultural 
benefits ++ n/a n/a n/a 100% 

Improved 
stewardship + 10% 10% 10% 70% 

Fish habitat ++  33% 33% 33% 
The table above lists present value of benefits.  To determine net present value, the present value of costs must be 
subtracted from the present value of benefits.  
One item listed as a benefit in Tables 4 and 5 is excluded from Table 16.  This is the revenue received by the 
supplying utility for water sold to the receiving utility.  This can be considered a “transfer” rather than a “benefit” 
and does not affect the allocation of project costs.   
Per direction from the SEC, it is considered infeasible to estimate monetary values for the cultural and fish 
production benefits to tribes.  
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Appendix A 
Classification of Costs and Benefits 

Costs and benefits can be categorized to suit the context for comparison. Costs and benefits can 
broadly be defined as internal or external. Internal costs and benefits are those for which markets 
influence the price (e.g. construction materials and labor/employment markets). External costs or 
benefits, or externalities, are impacts from projects for which markets do not exist (e.g. water 
pollution or cultural loss). Instead, values must be estimated or assumed. Externalities may be 
positive or negative, depending on the stakeholders’ perspectives. Following a report by 
Raucher, et al. (2005) a classification of costs and values (benefits) is reproduced below. The 
cost of water includes: 

 Capital: One-time construction costs for infrastructure such as pipes, treatment plants and 
potentially, water rights (if applicable) 

 O&M: Variable costs associated with conveying, treating and maintaining facilities. 
Examples include fuel for pumping and chemicals for treating. Some variable costs, such as 
labor, are quasi-fixed in that minimum levels are associated with facility operations and do 
not adjust with volumes of water conveyed.  

 Opportunity costs: The opportunity cost of water reflects the potential value of water in 
alternative uses. For example, the opportunity cost of drinking water is the value of its use in 
agriculture or industrial processes. 

 Economic externalities: Economic externalities relate to impacts on water that cause costs to 
be incurred to make the water usable. For example, upstream pollution may increase 
downstream treatment costs.  

 Environmental externalities: Environmental externalities include direct impacts from water 
use on the ecological health of the natural water system. For example, water pollution is an 
externality, independent and in addition to any treatment costs, because it may impact the 
health of biological resources. Losses in recreational use of water (for fishing, boating, and 
scenic purposes) may also be considered a cost. 

The value of water includes: 

 Value to users: Water for drinking, irrigation or industrial processes is valued for its direct 
consumption. This value, for an individual person, business, or industrial sector, is that 
entity’s willingness to pay for water of a particular amount and quality. 

 Societal objectives: Water investments reflect societal objectives when they enable 
communities to grow or create more reliable systems. Reliability is potentially valued in 
terms of having redundant supplies and delivery systems. Community stewardship and 
support of cultural values for water resources are also social values. 

 Economic externalities: As above, changes in the usability of water for productive purposes 
can stimulate or constrain downstream economic activity.  

 Environmental externalities: Environmental externalities can also be reflected as values 
depending on the perspective of the stakeholder. A value not discussed above is option value. 
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This value represents the value that people place on water resources in anticipation of using 
or directly benefiting from the water (e.g., for recreational purposes) at some point in the 
future. 

 Intrinsic values: Water may be valued not through any direct physical connection but rather 
for its inherent qualities. This value is apart from any direct connection with water for 
recreational or scenic purposes. This value stems from the mere existence of water, its role in 
nature and culture. A bequest value may also be defined for persons desiring to leave water 
resources in good quality for future generations. 
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Appendix B 
Estimation Methods for Non-market Values 

Non-market valuation methods are necessary because some costs and benefits, such as reliability 
and environmental values, are not traded in markets. Expenditures in some markets can serve as 
proxies for prices where the ‘revealed preferences’ of people’s expenditures are assumed to be 
indications of the value for the resource being examined. For other activities, where there is no 
direct use of the resource, and thus no behaviors or expenditures available as measure of people’s 
preferences, methods have been developed to directly elicit preferences and estimate value. 
These direct methods are often described as stated preference methods because they most 
commonly elicit value through direct statements on value rather than using observations on 
behavior or expenditures to infer value. The following list describes common methods for 
measuring non-market values: 

 Hedonic Price Methods: A revealed preference method that applies statistics to data on 
property values. The approach estimates the value of the local water resources by comparing 
property values near and far from the source. This method relies on large amounts of data on 
property sale prices and property characteristics. 

 Travel Cost Method: A revealed preference method in which environmental values are 
estimated from the expenditures people make and time spent traveling to a recreational site. 
The costs are used to develop the overall demand for recreation. The method is only 
applicable for activities for which travel would be undertaken specifically for that resource. 

 Contingent Valuation Method (CVM): A stated preference method that estimates use and 
non-use values where people are asked in a survey to reveal willingness to pay for specific 
non-market goods. Implementing CV requires a careful attention to sampling techniques and 
questionnaire design. 

 Conjoint/Stated Choice Method: Conjoint methods are similar to CVM, except that survey 
respondents are asked a series of questions about their choices. Similar to CVM, careful 
design and implementation is essential for obtaining useful results. 

 Benefits Transfer: Benefits transfer is not a method per se but rather a set of guidelines for 
applying values obtained from other studies (using the above methods). Guidelines have been 
developed to assist practitioners find “suitable” estimates for particular applications. In fact, 
the suitability of a value (or range) depends on the comparability of factors (e.g. size of 
project, scale of impacts, regional context, or water quality) of the new project with existing 
results. 



November 28, 2007 

Appendix C– Summary Data on Literature-based Values of Costs and Benefits C-1 
King County 

Appendix C 
Summary Data on Literature-based Values of Costs and 
Benefits 

Raucher, et al. (2005) summarize a wide variety of academic and project-specific studies that 
estimated values for different measures of value, costs and benefits. A brief excerpt of this report 
is reproduced here. Additional studies have also been examined (see reference list). 

Table C-1 provides a summary of findings that Raucher, et al. (2005) prepared for a variety of 
water end-users. The table indicates that residential use is valued much more highly than any 
other quantifiable use of water. Cultural values are not quantifiable because they are considered 
part of a community’s lifestyle or identity. In general, differences between low and high values 
are due to different assumptions (e.g. agriculture: type of crop) or simply different studies (e.g. 
different willingness to pay for in-stream uses are conducted in different areas with different 
impacts).  

Table C-1: Comparison of Value of Water per Acre Foot by Sector (2007 dollars) 

Sector Low $/AF High $/AF
Agriculture $24 $1,625
Residential $1,573 $4,493
Commercial and Industrial $31 $904
Instream (recreational) $11 $865
Cultural + ++  

Source: Raucher, et al. (2005) 

Residential values are inferred here from studies that assess the willingness to pay for increased 
reliability (Table C-2). Studies include those that are based on revealed preference (Part A) and 
stated preference (Part B). Annual values generated in these studies are measured with different 
units ($/AF and WTP $/Household, respectively). 

Table C-3 (from Raucher, et al., 2005)) indicates the various recreational uses of water and the 
respective value as computed by averaging results across many different studies. Fishing, 
boating, wildlife viewing and swimming are all valued as individual activities. Average values of 
willingness to pay per household user day are estimated across a number of studies (listed in the 
last column). Computing averages across potentially very different studies is problematic but this 
table at least provides a relative value among the different activities.  

Table C-4 reproduces a summary from Raucher, et al. (2005) on in-stream flows. These values 
represent a range of potential uses for water. Ecological values refer to payments for temporary 
water rights or improved technologies that resulted in higher instream flows to support 
ecological services. Downstream water supply values refer to economic opportunity costs of 
using water upstream. Nonuse values refer to value of water derived principally from its 
existence or the potential that it may be used at some point in the future. 
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Table C-2: Measures of the Value of Reliable Water Supplies 

Annual Value ($/AF) 
Revealed preference studies: 

$57 - $258
$201 - $287

Cost based studies: 
$372
$397

$67 - $125

Part B: Summary table of results from stated preference studies (2007 Dollars) 
Shortfall amount Frequency Probability Annual WTP/ HH 

10% to 15 % 1 in 5 years 20% $152
10% to 15 % 2 in 5 years 10% $279

20% 1 in 30 years 3% $161
30% to 35% 1 in 5 years 20% $209
30% to 35% 2 in 5 years 10% $473

50% 1 in 10 years 5% $284
* * * $122
* * * $140

* = WTP are averaged over a range of shortfall amounts, frequencies and probabilities of loss

The rate per AF that MWD credits local water retailers to sto increase reliability
The benefit per AF of conjunctive use storage to ensure greater reliability 
The difference in cost of local groundwater supplies versus the MWD noninterruptible rate

The value (AF/year) of drought proofing based on drought penalties and rate increases
Welfare loss per AF due to a price induced reduction in water consumption of 25% 

Basis 
Part A: Water supply reliability values inferred from revealed preference or cost and price (2007 Dollars) 

 
 
Source: Raucher, et al. (2005) 
AF = Acre-foot 
MWD = Metropolitan Water Department 
 
 

Table C-3: Comparison of Recreational Values Associated with Water Resources (2007 dollars) 
Average Value per 

Adult User Day
Number of Studies 

Evaluated
Camping $48 36
Picnicking $49 10
Swimming $30 11
Hiking $36 20
Floatboating $41 14
Fishing $44 109
Wildlife Watching $41 109  

Source: Raucher, et al. (2005) 

 
Table C-4: Comparison of Economic Values of In-stream Flows (2007 dollars) 

Category Low $/AF High $/AF
Use Values (Recreation) $11 $865
Ecological Values $89 $565
Downstream water Supply $42 $250
Hydropower $6 $79
Nonuse Values $107 $213  

 Source: Raucher, et al. (2005) 


