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Abstract: In 1992, Congress passed The Elwha River Ecosystem and Fisheries
Restoration Act with the goal of “full restoration of The Elwha River Ecosystem
and native anadromous fisheries.” As part of that act, the federal government was
required to produce a benefit-cost analysis on dam removal of the Elwha and Glines
Canyon dams, which was published in 1994. This article revisits that initial 1994
benefit-cost analysis; background on its methods and assumptions is given, compar-
isons are made to current state-of-the-art techniques in benefit-cost analysis, and an
ex post benefit-cost analysis of the project is conducted for comparison purposes.We
find that the cost and scope of the project exceeded original expectations, the cost of
the foregone electricity generation was less than expected, and that anticipated
recreational and fisheries benefits were both delayed, and lower, than expected.
Furthermore, issues such as the value of hatchery-spawned versus wild anadromous
fish seem not to have been anticipated in the original analysis, highlighting the fact
that in doing an ex ante analysis, researchers must expect that unexpected factorsmay
influence the ex post results of any project.
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1 Introduction

Benefit-cost analysis (BCA) is a valuable methodological tool for empirically ana-
lyzing the effects of large regulatory projects. Although benefit-cost analysis is not
without debate concerning some of the assumptions and perspectives involved
(Kelman, 1981; Bronsteen et al., 2012), its usefulness as a tool in framing and
suggesting potential effects of a project is widely understood. Benefit-cost analyses,
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for the most part, are done a priori or before a project is actually constructed and
implemented. In medias res and ex post cost-benefit analyses, while often discussed
as worthwhile, are rarely implemented. This is a shame. Ex post cost-benefit analyses
of large federal projects, if donemore often, could inform researchers and analysts on
the accuracy of assumptions made and the usefulness of methods frequently utilized.
Indeed, theOffice ofManagement andBudget (2016) has estimated that federal-level
government ex ante BCAs are conducted every year, affecting all agencies of
government and spending that reaches into the billions of dollars. A better under-
standing of their accuracy would be useful.

In addition, dam removal, or at least a reassessment of hydroelectric dam
utilization and valuation, is a growing area of study (Loomis, 1996, 2002; Pohl,
2002; Kotchen et al., 2006; Lewis et al., 2008; Provencher et al., 2008; Robbins &
Lewis, 2008; McKean et al., 2010, 2012; Null et al., 2014). There are an increasing
number of analyses looking into particular aspects of dam valuation and impact;
however, few of these papers investigate the benefits and costs of hydropower dams
in a comprehensive fashion. One noteworthy, if rather old, exception to this is a study
of the Colorado-Big Thompson Project from the 1980s (Howe, 1987), which ana-
lyzes the project from both regional and national perspectives. This current study of
the Elwha River Restoration Project provides a rare, comprehensive ex post benefit-
cost analysis of complete dam removal.

For the most part, we find that the initial benefit-cost analysis was carefully and
correctly prepared and arrived at a proper recommendation. However, in the ensuing
decades from that initial analysis to implementation of the project and preparation of
this ex post analysis, the expanding scope of the project has led to increasing costs.
Unanticipated problems have delayed or diminished some of the benefits and at least
two new valuation paradigms have contributed to changes in how the project’s
benefits might be viewed and valued. This highlights the difficulty in doing an ex
ante cost-benefit analysis. Still, in this ex post analysis, we find as with the original
analysis that the removal of the Elwha project dams led to large net benefits overall.

2 Background on the Elwha River Restoration
Project

The Elwha River Project consists of two dams, the Elwha dam and theGlines Canyon
dam, on the Elwha River in the state ofWashington. The Elwha damwas constructed
between 1910 and 1913, without any kind of fish passage facilities. The Glines
Canyon dam was constructed between 1925 and 1927, also without any fish passage
facilities. The two, historically privately owned dams, had a combined capacity of
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18.7 MW and generated an average of 172 GWh of electricity annually, most of
which was sold to a nearby pulp and paper mill.

The two dams were not without controversy from the start; before construction
even began in 1910, the Washington State Fish Commissioner contacted the original
owner of the project about legal requirements to provide passage for migrating fish.
Unfortunately, the owner did not respond. Both dams were constructed without fish
passage facilities (or a fish hatchery, a proposed compromise at the time), and
together they blocked anadromous fish passage to more than 70 miles of the Elwha
River and its tributaries. A number of native Elwha River anadromous fish runs,
including spring and summer chinook, coho, pink, chum, and sockeye salmon,
winter and summer steelhead, cutthroat trout, and native char, were severely dimin-
ished and the natural ecosystem was disrupted within a significant part of the
Olympic National Park. Native American tribes that relied on these fish runs were
especially affected including not just diminished fish passage, but blocked access to
traditional fishing sites and cultural properties.

When the dams came up for licensing by the federal government in the 1980s,1

the contentiousness of the situation among the dam owner, environmental interest
groups, Native American tribes, and other stakeholders threatened to delay any sort
of negotiated outcome for a long period of time (Gowan et al., 2006). Attempts to
move the situation forward led to litigation and protracted expenses for all stake-
holders involved. To resolve the situation, in a unique outcome historically for
private dam management, Congress stepped in and passed a legislative settlement
applicable to the Elwha River Project alone. The Elwha River Ecosystem and
Fisheries Restoration Act was signed into law as Public Law 102-495 by President
Bush in 1992.2 The goal of this act was the “full restoration of The Elwha River
Ecosystem and native anadromous fisheries.” The Secretary of the Interior was
authorized to acquire the dams and remove them if necessary to meet this stated
goal. The Interior was first tasked with developing a benefit-cost analysis on dam
removal or other alternatives (such as installation of fish passages, or removal of one
dam but not the other) that would fulfill the stated goal. That benefit-cost analysis
(Meyer & Lichtkoppler, 1995)3 was provided to Congress in 1995 and is the basis for
this article’s comparative research study.

1 See Kosnik (2006) for an explanation of the federal regulatory hydroelectric dam relicensing process.
2 A timeline of the implementation of this act – which impacts the years for which certain benefits and
costs can be counted – is provided in the Appendix.
3 Meyer and Lichtkoppler (1995) report was based extensively on data from Department of the Interior
et al. (1994).
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3 The original benefit-cost analysis

The original benefit-cost analysis considered several options for the Elwha River
Project including removal of only the Elwha River dam, removal of only the Glines
Canyon dam, the installation of fish passage facilities, or the removal of both the
Elwha River and the Glines Canyon dams. The removal of both dams yielded the
greatest net benefits and was the option actually implemented. The original benefit-
cost analysis envisioned removal beginning in 1996 or 1997, taking 4 years, and
involving investments and ongoing expenditures on water quality and sediment
management during and shortly after the project. The time horizon for the original
analysis was 100 years.

The original analysis provides an unusually good discussion of discounting and
consideration of different rates of time preference. The rates at which future benefits
and costs are discounted ranges from 0 to 7% (with a sensitivity analysis) and there is
even mention of intergenerational impacts and the dramatic effect of discounting on
their present value.4

After purchase of the dams for $29.5M,5 $37.9M in 2012 dollars, the two
primary costs of the dam removal are the cost of their physical removal and the cost
of construction of accompanying facilities to support water quality and sediment
control, hatcheries to increase the number of spawning fish, new flood control
infrastructure, and the cost of the foregone electricity generation.

The 1995 estimates of the cost of physical removal, construction, and related
costs varied considerably. Meyer and Lichtkoppler (1995, p. 36) state, “The present
analysis assumes total cost benchmarks of $130million, $70million and $50million,
all excluding costs of $29.5 million to acquire the existing dams.” Elsewhere (p. 46)
they say, “Total project construction costs are scaled at $155 million, $100 million
and $80 million respectively – inclusive of $29.5 million for project acquisition,”
although Department of the Interior et al. (1994) put this at $161.08M, including
acquisition cost, in the table (table 15, p. 140) to whichMeyer and Lichtkoppler refer.
The widest possible range seems to be between $50M and $161.08M, excluding
acquisition costs.6 Adjusting to 2012 dollars, these estimates rise from $70M to

4 Meyer and Lichtkoppler (1995, p. 10).
5 The dollar amount of $29.5M was established in the Elwha River Restoration Act, Section 3(b). It was
actually paid out in 2000, so the value reported in Tables 1 and 4, $37.9M, is this value in 2012 real dollars.
6 Meyer and Lichtkoppler (1995, p. 46) and Department of the Interior et al. (1994, table 15, p. 140). In a
footnote about these costs,Meyer and Lichtkoppler refer to amemorandum toBobHamilton of the USBR,
one of the coauthors. Department of the Interior et al. (1994, tables 13–16 in pp. 138–141) consider four
different sediment management options with costs inclusive of acquisition ranging from $147.59M to
$307.36M.
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$183.7M.7 The distribution of these costs over the project timeline is given in
Department of the Interior et al. (1994), table 15, p. 40). Distributed over the timeline,
the present value of the low and high estimates ranges from $70M, $183.7M when
discounted at 0% to $50.64M, $132.89M when discounted at 7%.

The dams produced an average of 172 GWh of electricity annually. The 1995
analysis used a combination of local and regional power costs to assign this electricity
an initial value of about $0.0337 kWh�1 and a resulting total value of $5.8M.8

However, this includes an assumption that real electricity prices would increase by
2%annually until 2014 and then remain constant thereafter.9 The present value of this
foregone electricity over 100 years ranges from $109.6M if discounted at 7% to
$816.4M if discounted at a rate of 0%.10

Restoration of anadromous fish species to the Elwha River was the primary
motivation behind removal of the dams and is the first benefit discussed in the original
analysis. Projected annual harvests for chinook, coho, pink, chum, and sockeye salmon
and for steelhead are presented in the article. Although fish harvests would be sus-
pended during dam removal, harvests were projected to restart anywhere from project
year 3 for sockeye salmon to project year 6 for chinook salmon.11 Harvests of all
species were forecast to increase annually, growing steadily to long run equilibria 20–
25years after the start of project decommissioning.When fully recovered, the net value
of the increased fish harvest to commercial fishers (both tribal and non-tribal) and to
firms providing services to sport fishers is estimated in the original analysis at $3.66M,
of which $3.16M accrues to commercial fishers and $0.50M accrues to sport fishers.12

The present value of these commercial and sport fishing benefits over 100 years ranges
from $212.61M and $29.41M if discounted at 0% to $10.26M and $0.94M if dis-
counted at 7%.Distribution of this net value varies over timewith sport fishing benefits
occurring later than commercial fishing benefits. The implication is that the share of the
benefits accruing to commercial fishers is smaller when discounting at a lower interest
rate.13 The recreational value of the opening of this river to sport fishers is not

7 Calculated using the GDP Implicit Price Deflator, downloaded from https://fred.stlouisfed.org/series/
GDPDEF and using 1995:1 value of 74.803 and 2012:1 value of 104.466. For the sake of brevity,
subsequent dollar values will be in 2012 real dollars. Exceptions include dollar values quoted directly
from the original study and associated primary documents.
8 Meyer and Lichtkoppler (1995, table 2, p. 13 and table 4, p. 15).
9 Meyer and Lichtkoppler (1995, p. 12). The actual wording regarding this in a footnote is, “The most
responsible procedure is therefore to estimate real cost trends to the limit of empirically based analysis
(2014), and then balance benefits and costs beyond that date within the overall project reporting frame-
work.”
10 Meyer and Lichtkoppler (1995, pp. 46, 51, 56).
11 Meyer and Lichtkoppler (1995, tables 5–10).
12 Meyer and Lichtkoppler (1995, table 13, p. 27). This is the Alt. 5 value of $3.46M less than the Alt.
1 value of $0.84M, the value of the harvest with the dams in place.
13 This can be seen in Meyer and Lichtkoppler (1995, tables 26–31).
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specifically included in this part of the analysis, but it might be seen as part of either the
non-market benefits associated with increased visitation or the non-market benefits
captured in the contingent valuation analysis to be described below.

In addition to fishing, it was assumed that dam removal would result in increased
visitation to Olympic National Park and to Clallam County more generally. The
authors acknowledge that realization of these benefits would not be immediate, saying,
“(Recreation and tourism) benefits are assumed to be zero for the first six years of
project life, and are then assumed to increase in 10 even increments to the benefit levels
displayed in Section V.”14 The net value of this increased tourism to local service
providerswas estimated at $8.0Mannually.15The present value of this benefit stream is
$729.68M when discounted at 0% and $60.87M when discounted at 7%.

Non-market benefits generate nearly all of the benefits described in the original
analysis, typically more than 98% of all claimed benefits from dam removal. Although
it is certainly interesting to review and critique other parts of the analysis, non-market
benefits constitute the greatest influence in this analysis overall. The non-market
benefits used in the original analysis are from a paper subsequently published by
Loomis (1996), which estimatesmean annual willingness-to-pay (WTP) over 10 years
for Elwha River restoration at $59 per household in Clallam County (the county in
which the damswere located), $73 per household in the rest of the state ofWashington,
and $68 per household in the rest of the USA.16 All future benefits from the project are
assumed to be capitalized in the 10 years of payments described in the study.17 The
annual WTP on the part of all U.S. households for the Elwha Dams’ removal was
$6275.2M, although Loomis also reports a reduced mean value based on the assump-
tion that all non-response valueswere zero of $3469.4M, or, in 2012 dollars, $8763.6M
and $4845.2M, respectively. The present value of the reduced mean over 10 years
ranges from $36,485M to $48,561M in 2012 dollars, depending on discounting. For
the summary presented below, we will use the (conservative) reduced mean value.

Finally, damming the Elwha River greatly reduced sediment delivery to Ediz
Hook, a spit of sand and other sediment that provides the only protection for Port
Angeles harbor.18 The combination of damming and antierosion efforts on sea cliffs
around Port Angeles had led to the U.S. Army Corps of Engineers doing regular
maintenance to preserve Ediz Hook. Removing the dams was projected to restore
sediment delivery to the spit beginning in year 8 of the project, and reduce annual
preservation expenditures by $39,103 in 2012 dollars.

14 Meyer and Lichtkoppler (1995, p. 49).
15 Meyer and Lichtkoppler (1995, p. 31).
16 Loomis et al. say, “Sincemost of the costs of dam removal and river restoration would take place in the
first 10 years, respondents were told they would pay this amount each year for 10 years.” (p. 443).
17 Meyer and Lichtkoppler (1995, p. 33).
18 Meyer and Lichtkoppler (1995, p. 44).
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Table 1 summarizes the benefit-cost information from the original analysis.
Depending on whether high or low cost removal and construction assumptions

are used, and the assumed discounting rate, the benefit-cost ratio from the original
analysis ranges from 47.72 to 184.50, and the net present value (NPV) from
$36,277M to $48,612M, in 2012 dollars.

Increasing the discounting rate reduces the project’s NPV but, counter-
intuitively, increases the benefit-cost ratio, a result of the far greater magnitude of
the project’s benefits compared with its costs.

Note that the numerical results we have calculated above differ from those in the
original report. The original report yielded values for costs ranging from $664.6M to
$739.9M at 0% discounting and from $138.2M to $195.6M at 7%, and benefits of
$36,634M at 0% and $25,246.0M at 7%,19 resulting in the following 2012$NPV and
benefit-cost ratio figures:

Although we were unable to perfectly replicate the results of the original study,
our NPV and B/C figures closely approximate those from the original study.

4 Methodological issues with the original
benefit-cost analysis

Overall, the original analysis was properly conducted and the authors should be
commended for a fine report. The authors considered four approaches to restoration,

Table 1 Original benefit-cost analysis – summary.

0% discount rate
(in millions of 2012 dollars)

7% discount rate
(in millions of 2012 dollars)

Costs
• Purchase of dams 37.9 37.9
• Physical dam removal and construction
of accompanying facilities

70–183.7 50.64–132.89

• Lost electricity value
(172 GWh annually) over 100 years

816.4 109.6

Benefits
•Restoration of anadromous fish species
over 100 years

242.02 11.2

• Increased visitation to Clallam County
over 100 years

729.68 60.87

• Non-market benefits over 100 years 48,561 36,485
• Ediz Hook maintenance savings over
100 years

3.64 0.37

19 Meyer and Lichtkoppler (1995, table 26, p. 51 and table 31, p. 56).
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making this a comprehensive investigation of the problem rather than just a single
solution. The descriptions and derivations of the costs and benefits of the dam
removal project were thoroughly discussed. Sensitivity of the analysis to different
discount rates was well presented. With the benefit of over two decades of develop-
ment of the theory and practice of benefit-cost analysis, however, several areas of
critique arise. Among these are the price of acquiring the dams and whether it is
properly considered a cost of the project, the time frames for the analysis and the
assumptions inherent in those time frames, whether or not local tourism activity
should be counted as a project benefit, and the lack of consideration of externalities
associated with the alternatives for electrical generation.

The original benefit-cost analysis included the $29.5M purchase price of the
dams as a cost. The correct treatment of this amount in an analysis depends on
whether the owner of the dams to whom the payment is made has standing. Payment
for the dams was made to the Fort James Corporation in 2001 (Clark, 2012). The Fort
James Corporation had been acquired by Georgia Pacific in 2000.20 If standing is
universal, the purchase price is merely a transfer, but because the dam removal was a
federal government project, standing might be national. According to the Office of
Management and Budget’s Circular A-94, “Analyses should focus on benefits and
costs accruing to the citizens of the United States in determining net present value,”
raising the question of either the corporation’s or the shareholders’ nationality (Office
of Management and Budget, 1992). If the corporation or its shareholders are Amer-
ican, even with national standing, the purchase price should be considered a transfer.
A different point of viewmight be that standing is limited to the U.S. government and
its various departments and agencies, in which case the price of the dams would be
a cost.

Ultimately, if the owners of Fort James and Georgia Pacific have standing, then
the $29.5M payment should be treated as a transfer from taxpayers to owners, and
should not be considered a cost of the project.

Alternatively, there were several legal issues with the dam’s existence and
continued operation. The ElwhaDamwas built without provisions for fishmigration,
a violation of Washington State laws. Both dams operated within Olympic National
Park, and while this was not illegal at the time, new dams would not be permitted
within a national park today and, at some point, renewal of these dams’ operating
permits would likely have become challenging. If the dam’s construction and oper-
ation were in violation of state or federal laws, then the owners may be considered not
to have standing and payments to them should be considered costs of the project.
Indeed, one reason that James River, who owned the dams prior to Fort James’

20 https://www.gp.com/Company/Company-Overview/Locations/Green-Bay.aspx#tab-0 (accessed
July 20, 2017).
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ownership, investigated options for transfer to the federal government was a concern
that the dams might be taken from him in some way anyway. If the dam owner’s
standing is in doubt then payment for the dams should be counted as a cost.

A final argument for including the $29.5Mpurchase price of the dams as a cost in
the analysis is that the land being used for the project has an opportunity cost.21 The
$29.5M could therefore be considered as a valuation of the land’s opportunity cost.
Ultimately, it is not unequivocal whether or not to include the $29.5M governmental
payout for the dams as a cost in the ex post benefit-cost analysis, but for conservative
estimates, we have decided to include it.

The time horizon for the original study is complex. The decommissioning
timeline encompasses a total of 17 years (eq. 1, p. 46) and reflects the presentation
in an illustration from the Elwha Report.22 Dam removal in this timeline begins in the
fourth year of the project after some research and preliminary work on design, habitat
and water quality preservation, and fish and habitat restoration has begun. Presum-
ably, there would not be lost generation prior to dam removal. The cost of the
foregone electricity generation is calculated over 100 years (eq. 2, p. 46), but this
is inconsistent with the discussion in some supporting reports. The Federal Energy
Regulatory Commission (1993) Draft Staff Report refers to a 30-year anticipated
licensing term.23 Department of the Interior et al. discuss the cost of replacement
power from 1996 to 2025, suggesting a 30-year time frame, and also includes
analysis using a 50-year time frame.24 The 100-year time frame suggests that gen-
eration would have continued at the facilities until they were nearly 200 years old.
Although it may be possible that the generating hardware could continue operating
that long, at some point either basic structural failure or, more likely, silt accumula-
tions in the associated reservoirs would likely become a limiting factor. Fishery and
increased tourism benefits are also calculated over 100 years (eqs. 3–6, pp. 47–49).

The time horizon used by Loomis (1996), which serves as the foundation for
most of the benefits of the removal, is particularly interesting. In the Loomis con-
tingent valuation (CV) study, respondents are asked about their WTP on an annual
basis for the dams’ removal and the river’s restoration, but only for 10 years,
approximating the duration of the decommissioning project.25 This makes for a
credible scenario for the respondents; each household’s payments over the course
of the decommissioning project provide for the removal, which in turn results in the

21 We thank the editor and anonymous reviewers for this additional argument in favor of including the
$29.5M cost in the final calculations.
22 Meyer and Lichtkoppler (1995, p. 46) referring to Department of the Interior et al. (1994, table
15, p. 140).
23 Federal Energy Regulatory Commission (1993, pp. 2–34).
24 Department of the Interior et al. (1994, pp. 44, 127, and 128).
25 Meyer and Lichtkoppler (1995, p. 33).
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existence of a free-flowing river for the foreseeable future. The Elwha project
analysis uses values from the Loomis report, saying, “These values apply each year
for the first 10 years of the project. Since they ‘capitalize’ value over all future years,
no project total non-market values should be counted subsequent to this 10 year
period.” Although this seems an appropriate and conservative use of the Loomis
results, the published version of the Loomis paper does not discuss capitalization of
the annual WTP values in this way. The time frame over which respondents might
have been capitalizing values is not clear, and may have been in perpetuity, for
100 years, or for a shorter period of time. If respondents were valuing benefits over a
shorter period of time, the Loomis values would be conservative relative to what the
non-market values might be if applied over the 100-year time frame used in most of
the paper.

Hypothetical bias is a concern with any contingent valuation study. In the years
since the Loomis study, advances have been made in estimating and correcting for
this bias and better calibrating values estimated fromCV studies with those arrived at
by other means such as through travel cost studies or experimental observations
of actual WTP. Meta-analyses conducted by List and Gallet (2001) and by Little
and Berrens (2004) suggest that mean calibration factors, the ratio between a
CV estimation and an estimation from another technique, have an approximate value
of three.

One calibration approach is to ask positive respondents a follow-up question to
determine their level of certainty about their WTP, with results suggesting that
including only those with a high degree of certainty yields CV valuations that best
approximate valuations calculated by other techniques (Champ & Bishop, 2001;
Blomquist et al., 2009; Rhodes et al., 2018).26 Blomquist et al. look atWTP estimates
for three medical interventions that respondents were first asked about in a CV
context, and were then given the option to purchase.

Elimination of all but the most certain yesses (positive respondents) lowered
meanWTP from $38.90 to $17.36 for a diabetes management program, from $33.24
to $9.69 for an asthma management program, and from $27.87 to $21.76 for a lipid
management program, values that are roughly one half, a third, and three quarters of
the maximum values and none of which demonstrated significant hypothetical bias
when compared with actual WTP. Champ and Bishop look at WTP for wind power
and find that when the yesses are limited to those with certainty rating of 8 or higher
on a 10-point scale, approximately half of the yesses are removed with a correspond-
ing 50% reduction in mean WTP.

26 Champ and Bishop go so far as to say that hypothetical bias can be essentially eliminated by recoding
less certain positive respondents’ responses to negative responses, based on a cutoff value of 8 on a
10-point scale.
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Applying these more recent insights into hypothetical bias and contingent val-
uation, we can offer a sensitivity analysis of the Loomis study, remembering that the
best estimate of the non-market benefits was $6.275B, but if all non-respondents
were assumed to attach zero value to the project (perhaps analogous to excluding
yesses with low levels of certainty) this figure fell to $3.47B.27 If this lower value,
based only on survey respondents, were subject to a certainty filter similar to those
described above, wemight arrive at a value that is one-third to one half of the original,
perhaps between $1.15B and $1.73B, consistent with the assumption that all non-
respondents attach no value to the project (perhaps explaining why they did not
respond) and that only a fraction of those who chose to respond would actually be
willing to pay, were they given the opportunity. Even under this very conservative
correction for hypothetical bias, the benefits of the removal project would still
overwhelm the costs. As shown in Table 2, the NPV of the project is approximately
$48B discounting at 0% and $36B discounting at 7%. Reduction of the non-market
benefits to a third of their valuewould still leave the project with NPVs in the range of
$11.95B–$16.24B and benefit-cost ratios ranging from 16.53 to 61.74.28

The original study included increased visitation to ClallamCounty as a benefit of
the dam removal and river restoration. Specifically, both increased net revenues for
local tourism service providers and total WTP on the part of additional visitors were
included as benefits. This presents at least a couple of challenges. Including both
visitors’WTP and providers’ profits double counts those profits, and a better measure
of this benefit would be the sum of additional visitors’ consumer surplus and pro-
viders’ profits. More importantly, however, it is likely that most of the additional
visitation to Clallam County would come at the expense of visitation to other natural
areas in the USA. If standing in the study is national, then most of the additional
tourism revenue that accrues to Clallam County would represent a transfer from
elsewhere in the USA, and be neither a cost nor a benefit.

The original analysis was thorough in its description of the importance of the
Elwha River and fishing on the Lower Elwha S’Kallam Tribe, and this was also
discussed in Department of the Interior et al. (1994) as, “The removal of both dams
represents the only possible opportunity to fully restore the native anadromous

Table 2 NPV and benefit-cost ratios as calculated above.

Discounting at 0% Discounting at 7%

Construction cost $70M NPV = $48,612, B/C = 53.59 NPV = $36,359, B/C = 184.50
Construction cost $183.7M NPV = $48,498, B/C = 47.72 NPV = $36,277, B/C = 130.38

27 Loomis (1996, p. 446).
28 Starting from the values in Table 2 and reducing the value of the non-market benefits to $16.187B and
$12.161B and then proceeding as before to calculate NPV and B/C.
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fisheries, which are the Elwha S’Kallam Tribe’s most valuable economic and
cultural resource.”29 The Federal Energy Regulatory Commission (1993) echoes
these sentiments, saying, “The Klallam have repeatedly stressed the importance of
the river and its resources, particularly the anadromous fish resource, as the most
significant single aspect of their cultural identity… To the Klallam, restoration of
the anadromous fishery in the Elwha and shellfish populations at its mouth would
represent a partial restoration of Klallam culture and a restoration of their fish
harvest rights…”30 Although the authors of all three of these reports were respon-
sible in their acknowledgement of this aspect of the project, no attempt seems to
have been made to explicitly value the potential for cultural restoration. Admit-
tedly, this is, even now, a nascent concept in benefit-cost analysis and, to the
authors’ knowledge, has not been explicitly attempted. This would, however, be
an important source of additional benefits if measured, or if that is not possible
because of cultural sensitivities, unmeasured but acknowledged.

The original analysis failed to acknowledge the issue of the excess burden of
taxation associated with the project’s costs. As has been established in the economics
literature, taxes distort behavior to different degrees and, as a result, impose net costs
on an economy rather than serving simply as transfers from taxpayers to the gov-
ernment.31 A range of values for the rate of excess burden has been calculated,
depending largely on the type of tax being considered.32 Because tax revenues are
fungible, it is impossible to determine which sort of tax is used to fund both the
acquisition of the dams and the real costs of the project, so some average value could
be used in calculating the excess burden.

Finally, while the original analysis was thorough in much of its description and
discussion, one overarching criticism is the lack of clarity regarding calculations of
the present value of the various benefit and cost streams and the resulting NPV of the
project (as noted at the end of the last section, and which gives rise to the disparities
between Tables 2 and 3). Repeated attempts were made to replicate the calculations
of the original analysis, but while those original results were approximated, differ-
ences remained and seemed capricious.

Table 3 NPV and benefit-cost ratios as calculated in original paper.

Discounting at 0% Discounting at 7%

Construction cost $70M NPV = $50,247, B/C = 55.14 NPV = $35,064, B/C = 182.68
Construction cost $183.7M NPV = $50,141, B/C = 49.53 NPV = $34.984, B/C = 129.07

29 Department of the Interior et al. (1994, p. 44).
30 Federal Energy Regulatory Commission (1993, pp. 3–108).
31 See, for example, Jorgenson and Yun (1991).
32 Bohanon et al. (2014).
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5 An ex post benefit-cost analysis of the Elwha
River Restoration Project

Thus far, we have described the original benefit-cost analysis of the project. We now
turn to the differences between the original vision of the project and its actual
implementation, and the subsequent implications formeasurement of project benefits
and costs.

The total budget for removal of the dams and planning, construction, and
management of related structures was $325M. Of this amount, only $29.9M, or
about 9.9% went to dam acquisition. $32.9M, or about 10.4% was spent on removal
and decommissioning of the dams and their associated power facilities. The majority
of the budget was spent on maintaining water quality in the Elwha River and for
peoplewho draw upon the Elwha as awater source. Fully 46.2% of the project budget
was dedicated to projects related to water quality, including surface water intake and
water treatment facilities to preserve delivered water supplies during periods of
increased turbidity as accumulated sediment from the reservoirs found its way
downstream. In addition, 7.1% of the budget was dedicated to operation and main-
tenance of these facilities. Construction of hatcheries and restoration, andmonitoring
of fisheries accounted for 7.2% of the budget. Loss of the dams meant loss of their

Table 4 Ex post benefit-cost analysis – summary.

0% discount rate
(inmillions of 2012 dollars)

7% discount rate
(inmillions of 2012 dollars)

Costs
• Purchase of dams (if included at all, and
not simply a transfer)

37.9 37.9

• Physical dam removal and construction
of accompanying facilities

295.133 213.5

• Lost electricity value (172 GWh
annually) over 100 years

602 91.9

Benefits
• Restoration of anadromous fish species 171.6 7.6
• Increased visitation to Clallam County 542.5 54.5
• Non-market benefits 35,079 26,355
• Ediz Hook maintenance savings 2.60 0.27
• Value of dam removal to indigenous
people

X > 0 X > 0

33 The $295.1M figure is calculated by subtracting the $29.9M acquisition cost from the project’s $325M
total budget.
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flood control services and as a result, approximately 6.0% of the budget was dedi-
cated to flood control projects. Planning, design, and management accounted for
6.6% of the budget with assorted, smaller items constituting the rest. The present
value of these expenditures, distributed over the original project time-cost profile, is
between $213.5M and $295.1M, depending on discounting.

Ex post valuation of foregone electricity generation differs from ex ante valua-
tions. The original paper suggested an average value of the foregone electricity
generation roughly equivalent to the lowest electricity rate offered to power cus-
tomers near Port Angeles (the city at the mouth of the Elwha River). This was
approximately $0.035 kWh�1 in 2017, or $0.0317 kWh�1 in 2012 dollars,34 for an
annual value of $5.4M in 2012 dollars. However, there was also an inherent assump-
tion in the original analysis that real electricity prices would rise by 2% annually in
the initial years of the project and its aftermath, which seems not to have happened.
Since the preparation of the original report, the Bonneville Power Authority’s real
price for electricity has generally ranged from $0.03 to $0.04 kWh�1 in 2012
dollars,35 suggesting an annual value for the foregone generation of between
$5.2M and $6.9M with a midpoint of $6.0M. The present value of 100 years of
foregone generation, according to the assumptions of the original study, was between
$93.3M and $816.4M, discounting at rates of 7 and 0%, respectively. Using an
average value of $0.035 kWh�1 (equivalent to $6.02M annually) over a 100-year
time period and no annual increase in real electricity prices, the ex ante value of the
foregone electricity is between $91.9M and $602.0M, again in 2012 dollars and
discounting at rates of 7 and 0%, respectively.

If the purchase of the dams is included as a cost (and not as a transfer among
parties both of which have standing in the analysis), the original $37.9M figure is
correct.

The original analysis discussed the recreational, commercial, and non-use exis-
tence value of restored runs of anadromous fish species in the Elwha River, present-
ing numbers of fish and pounds of harvest for six different species. This presentation,
although well calculated, did not distinguish between native, wild fish, and hatchery
fish. There is a belief that fish that begin life in hatcheries might displace wild fish,
and because hatchery fish are less successful at survival and reproduction, they will
compromise the genetic integrity of a river’s wild population.36

These concerns underlie an ongoing debate regarding tradeoffs between conser-
vation and harvest objectives in fisheries.

34 http://www.electricitylocal.com/states/washington/port-angeles/ (accessed July 26, 2017). “The aver-
age industrial power rate in Port Angeles is $0.0345 kWh�1.” Adjusting from 2017:7 to 2012:1 values as
described earlier in the article, this is $0.0317 kWh�1.
35 Historical Firm Priority Power Rates – no transmission, FY1984-2017.
36 See, for example, Chilcote et al. (1986).
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The original analysis made no distinction between hatchery and wild fish and
included in its analysis the cost of a hatchery to help stock the newly freed river,
suggesting that harvest objectives were considered over conservation of wild species.
It may be, however, that after a century of the river being dammed, the question of
what would constitute a native anadromous species specific to the Elwha River might
be purely academic. Furthermore, while there was disagreement about hatcheries at
the time the original analysis was published, the issue of valuingwild versus hatchery
fish was not generally addressed in benefit-cost analyses at that time.

Either way, the lag from project completion to fish harvest seems to be exceeding
that of the original analysis, which forecast harvests beginning between 2 and 6 years
into the project. Actual dam removal began in September 2011 and concluded in
August 2014. If these are taken as project years 1 and 4, the original analysis forecast
harvests beginning between 2012 and 2016. In March 2017, an existing moratorium
on fishing in the Elwha River was extended to June 2019.37 This suggests that
harvests will be delayed until at least the ninth project year, delaying the resumption
of harvests by 3–7 years, and decreasing their present value. A report from the
Washington Fish andWildlife Commission fromSeptember 2017 stated that chinook
and steelhead populations were far short of long-term recovery goals (Anderson &
Hoffman, 2017).

It is difficult to say how the delayed start to harvesting fish on the Elwha River
might affect the valuation of this project. Other things being the same, the delay
represents lost harvest that cannot be recovered over the 100 years incorporated in the
analysis, and while harvests in these early years would be significantly less than the
long run, sustainable maxima, their early appearance in the benefit stream would
make their present value relatively high, especially when discounting at 7%. Setting
aside discounting issues, removal of 5 years of benefits from a mature fishery would
reduce benefits by approximately $18M (see online supplementary material for
calculated values). Alternatively, delaying the start of even modest levels of fishing
might accelerate the recovery of native runs and speed the approach to long run
equilibria at some maximum sustainable harvest.

Setting aside the question of whether it is appropriate to include local tourism
benefits in a study where standing is assigned nationally, it is difficult, even ex post, to
discern the impact of Elwha River dam removal on visitation and tourism on the
Olympic Peninsula and at Olympic National Park. Visitation figures for the national
park show a steadily increasing trend from 2012 to 2017, but most of this increase was
from 2012 to 2014. Furthermore, visitation figures have ebbed and flowed in the past
and attributing this increase to any one effect would seem precarious. Furthermore,
while the dam removals did free the river, remaining debris has made the river too

37 Washington Department of Fish and Wildlife (2017).
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dangerous for rafting and kayaking and, at least up to 2017, this recreational oppor-
tunity has gone unfulfilled on the Elwha. If the impact of the dams’ removal on
visitation is negligible, the question of standing in this case may be moot (Figure 1).

Similar to tourism benefits, impacts on Ediz Hook are difficult to discern ex post
because various factors, including major storm events and choices of different main-
tenance options, can overwhelm the impact of the project (Corps of Engineers, 2016).
Research suggests that additional sediment from theElwhaRiver is depositing offshore
(Gelfenbaum et al., 2015) and may be transported to Ediz Hook, but identifying a
specific impact on maintenance expenditures would be complicated at best.

Adding consideration of the excess burden of taxation will add to both the real
costs of the project and to the acquisition cost of the dams. The total budget for the
project as enactedwas $325M, and if an excess burden rate of 30% is applied, the cost
of the project would increase by $97.5M.

Regarding non-market, non-use, existence values for the fish populations restored, a
broad review of the literature on valuation of river restoration by Bergstrom and Loomis
(2017) included household WTP figures from 18 analyses of projects, with an average
value of $79 (table 2, p. 13). Work by Stratus Consulting (2015) looking specifically at
the Elwha River estimated annual household WTP for different degrees of salmon
restoration in the neighborhood of $220 to $380 (Stratus, pp. 7-13, 7-14). Their response
rates were 21.95% for Internet surveys and 35.04% for mail surveys (Stratus, p. 7-2).
Loomis et al. found median householdWTP of between $59 and $73 and had response
rates of 77% forClallumCounty, 68% for the rest ofWashington, and 55% for the rest of
the USA. Loomis et al. generated a lower bound for their estimates by assuming non-

Figure 1 Olympic National Park visitation.
Source: National Park Service Visitor Use Statistics – Annual Park Recreation Visitation (1935–last
calendar year). Available at https://irma.nps.gov/Stats/Reports/Park/OLYM (accessed April 13, 2018).
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respondents had zeroWTPand arrived at a lower bound forU.S. national benefits of $3B
(Loomis, pp. 443–444). Applying the same practice to Stratus values yields conservative
lower bounds for householdWTP of about $67 for Internet respondents and $77 formail
respondents and for national WTP on the order of $8B. The valuation result in the
original analysis of the Elwha restoration project was dominated by existence values.
Although non-use existence values can never be made completely concrete, the values
presented in the original analysis seem consistent with subsequent analyses.

Ex post calculations of the NPV and benefit-cost ratios strongly suggest that this
project was beneficial, and this conclusion is robust to changes in assumptions. Using
a 100-year time horizon, including both commercial and sport fishing benefits
without delay but excluding tourism benefits38 yields the results displayed in
Table 5. Adding tourism benefits would increase the present value of the benefits
by $542.5M discounting at 0% and by $54.5M discounting at 7%. As shown in the
table, adding an excess burden of taxation of 30% has only a small impact on NPV
and benefit-cost ratios. As mentioned above, each year of delay in the resumption of
commercial and sport fishing in amature fishery would cost $3.66M in net benefits, a
small impact relative to the values shown.

6 Comparisons of the ex ante and ex post
benefit-cost analyses

(i). The cost of the removal wound up being, even in real terms, much greater
than was originally forecast, not because of the removal of the dams them-
selves but because of water quality, sediment management, and flood control
measures that needed to be constructed to replace the services lost with the
removal of the dams.

(ii). Electricity prices seem not to have risen as was originally forecast, so the cost
of foregone electricity generation has likely been less, especially if valued on
a regional basis, than was forecast.

Table 5 Ex post NPV and benefit-cost ratios.

Discounting at 0% Discounting at 7%

No excess burden NPV = $34,318, B/C = 37.70 NPV = $26,020, B/C = 76.79
30% excess burden NPV = $34,218, B/C = 34.06 NPV = $25,838, B/C = 50.23

38 The justification for this exclusion being that increased tourism, if indeed there is increased tourism,
comes at the cost of tourism elsewhere in the country.
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(iii). Delays in fish harvests and recreation opportunities including rafting and
kayaking, as well as difficulties in discerning increases in visitation, suggest
that at least some of the benefits that were claimed have not yet been realized.
These delays reduce the present value of the project’s benefits.

(iv). The one thing that would seem unaffected by the passage of time is the
contingent valuation benefits. As these are the overwhelming majority of
benefits, and they dwarf the costs of the project, the overall desirability of
removing these dams would seem to remain. Indeed, this reality seems to be
echoed in a paper (Gowan et al., 2006) that asks, at one point, if these dams
were going to be removed anyway, why do a CV study about their removal?
It may be that when something is politically popular in spite of the funda-
mental economics behind it being shaky, contingent valuation reveals sen-
timents in the relevant population that are consistent with that overwhelming
political popularity. That being said, Senator Slade Gortonmanaged to block
the removal of these dams for years until his political career ended, sowhile it
is easy to assert the political popularity of the removals after the fact, the
reality at the time may have been quite different.

The important criticism of the contingent valuation non-use values of the
restored river may be the delay in the return of anadromous fish. Bergstrom
and Loomis (2017) review 38 studies estimating the benefits from river
restoration projects. Of these, approximately 70% had as their primary goal
the restoration of fisheries, including the preservation of threatened and
endangered fish, restoration of native species, and dam removal for the benefit
of migratory fish. Although fishery benefits seem to be preeminent among
river restoration projects, it is worth noting that approximately 30% of the
studies and projects examined byBergstrom and Loomis had other goals. This
suggests that it is conceivable that a freed river could have value, even if it
temporarily, at least, holds fewer fish than expected. By what percentage the
value might be diminished by lack of fish is a matter for speculation.

The original Loomis (1996) study did not anticipate separability of the river
and the fish. The valuation question put to respondents of this contingent
valuation study was, “If a majority of people are not willing to pay the cost of
dam removal, the dams would remain. Fish populations would be as shown in
the bar chart under theDams&FishLadders alternative. If amajority of people
agree to pay the costs, the damswould be removed, the river would be restored
to a natural state, and fish populations would increase as shown in the bar
labeled Dam Removal.” (Loomis, 1996, p. 443) Separation of the river from
the fish was not done, and perhaps not even imagined at the time, so it is
impossible to say how the apparent outcome might have been valued at
the time.
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(v). Changing worldviews and the introduction of new schools of thought are
very difficult to predict, and at least two of these impact the analysis of this
dam removal project. The first is the somewhat new distinction between
hatchery and wild fish. Although the construction and operation of hatcher-
ies was certainly seen as necessary to increase nominal numbers of anadro-
mous fish using theElwhaRiver, these hatchery fish competewithwild runs for
resources. Although wild fish might be slower in repopulating the river, there
might be greater long run value in their doing so, depending on the relative
values people attach to wild versus hatchery fish. The second is the value
attached to some degree of restoration of traditional lifestyles for Native Amer-
icans. The values that both native and non-native populationsmight attach to the
resumption of traditional harvests and the cultural connotations of these harvests
was not a focus of the original Loomis study, but may be valuable in the context
of this project. Valuation of indigenous rights is a nascent area of study (Navrud
&Ready, 2002;Rizzo&Mignosa, 2013),with fewempiricalmeasurements and
even less agreement onmethods, but regardless, it can be assumed that its value
would be positive, thereby increasing the already large net benefits attributed to
the removal of the Elwha project dams. Both of these novel changes in people’s
views of the world probably could not have been predicted and are one of the
fates to which an analysis of any long-term project is necessarily exposed.

7 Conclusions

The Elwha River dam removal project is a rare example of a two decade lag between
an ex ante benefit-cost analysis and eventual implementation. The eventual resolu-
tion of the project differed from expectations in several ways. Unsurprisingly,
perhaps, the scope and cost of the project expanded, even in real terms, as many of
the services provided by the dams needed to be replaced, and water quality issues
arose. More surprisingly, electricity prices did not rise as expected and anadromous
fish species have not returned in the hoped-for numbers. Early analysts could not
have reasonably been expected to anticipate changes in attitudes toward hatchery-
raised fish, or the nascent idea of valuing the preservation or renaissance of native
people’s cultural heritage and way of life. Any ex ante benefit-cost analysis can be
expected to involve assumptions and considerations that, with the passage of time,
change. The Elwha River Project is no different. The good news is that, while some
early assumptions have turned out to be incorrect, egregious a priori assumptions that
vastly skew the results do not appear to have been made.

How typical is the Elwha River Project analysis to other ex ante benefit-cost
analyses? Unfortunately, as documented in the literature review in the Introduction
section, there are few comparative ex ante/ex post dam-related benefit-cost analyses
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readily available for comparison.39 Although this example provides hope that early
benefit-cost analyses on large projects are not wildly off ex post results, we can in no
way state that this is the usual or expected outcome; there simply are not enough
comparative analyses out there. A quick literature review of other large-scale ex ante/
ex post comparative benefit-cost analyses, on topics outside of hydropower dams,
also turns up virtually no useful comparison studies. An extremely pertinent future
research agenda, therefore, would be to conduct more ex post benefit-cost analyses
like this one, in order to gauge howwell, or how poorly, ex ante benefit-cost analyses
appear to do over time.

In the meantime, analysts conducting benefit-cost analyses should, as these
original authors did, continue to observe standards of practice and strive to com-
pleteness and care in measurement, knowing that they should expect various factors,
some possibly foreseeable and some not, to arise and drive a wedge between the ex
ante expectations and the ex post results. Perhaps the greatest practical suggestion to
future practitioners is to keep very clear, thorough, and replicable records of all
numerical calculations implemented, so future comparative efforts can be made with
a strong degree of numerical accuracy.
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Appendix
Timeline of implementation of The Elwha River
Ecosystem and Fisheries Restoration Act40

In January 1992, the 102ndCongress of theUSA passed The Elwha River Ecosystem
and Fisheries Restoration Act, or “The Elwha Act.” Public Law 102-495 authorized
the Secretary of the Interior to acquire the two hydroelectric dam projects and
implement the actions necessary to achieve full restoration of the Elwha River and
the native anadromous fisheries therein.41 The act limits the acquisition price to
$29.5Mand requires that the Secretary of the Interior prepare and submit a restoration
plan by January 1994.42 When released in January 1994, the final version of the
"Elwha Report" discussed several possibilities for restoration including removal of
either the Glines Canyon dam or Elwha River dam and modification of the dams to
facilitate fish passage, but recommended removal of both dams in order to meet the
Elwha Act’s goal of full restoration of The Elwha River Ecosystem and native
anadromous fisheries.43 This decision was affirmed by the Final Programmatic
Environmental Impact Statement, which was released in June 1995. In February
1996, a Record of Decision was signed in favor of dam removal and in February
2000, Secretary of the Interior, Bruce Babbit, finalized federal acquisition of the
projects.

The Elhwa Act provided for preservation of the quality and availability of water
from the Elwha River for industrial and municipal uses, and construction of infra-
structure related to this necessarily preceded work on dam removal. In August 2007,
the National Park Service (NPS) awarded a $24.5M contract to Watts Constructors
LLC and John Korsmo Company (Watts/Korsmo A JV), based in Gig Harbor,
Washington, for construction of the Port Angeles Water Treatment Plant
(PAWTP). The eventual cost of this plant would be nearly $30M. In December
2007, NPS awarded a $69.6M contract to Watts Constructors LLC and DelHur
Industries, Inc. for construction of Elwha Water Facilities, which included a new
surface water diversion and intake, industrial water treatment plant, and area flood
protection.

Construction on the PAWTP began in December 2007.44 (http://www.water-
technology.net/projects/portangeleswatertrea/). In October 2008, NPS officials

40 https://www.nps.gov/olym/learn/historyculture/timeline-of-the-elwha-1992-to-present.htm
41 https://www.nps.gov/olym/learn/historyculture/the-elwha-act.htm
42 https://www.nps.gov/olym/learn/nature/upload/ElwhaAct.pdf
43 https://www.nps.gov/olym/learn/historyculture/timeline-of-the-elwha-1992-to-present.htm
44 http://www.water-technology.net/projects/portangeleswatertrea/
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reached an agreement with the City of Port Angeles to transfer ownership of the
PAWTP to the city upon its completion. The PAWTP became operational in
February 2010.45 In April of that same year, construction of Elwha Water Facilities
project, consisting of the $48M Elwha Water Treatment Plant and the $29M Elwha
Surface Water Intake, was completed.46

The Elwha Act also provided for full restoration of native anadromous fisheries,
and to this end, a number of projects were constructed. In September 2009, work
began in theWashington Department of Fish andWildlife (WDFW) rearing channel
at Morse Creek. Beginning in 2010, chinook salmon were transferred to Morse
Creek, an adjacent stream whose water quality would not be impacted by dam
removal, to insure protection of each returning year class of fish.47 In February
2010, construction began on the Lower Elwha Klallam Tribe fish hatchery, funded
by theAmericanRecovery andReinvestment Act of 2009.48, 49Work on the hatchery
was completed in May 2011.50 Further assurance of the recovery of the fisheries was
added in February 2011 when the Washington Fish and Wildlife commission
approved a 5-year fishing moratorium on fishing in the Elwha River, to begin in
March 2012. This moratorium would later be extended to June 2019.51

At last, with the necessary supporting projects in place, work on the actual
removal of the dams began in September 2011.52 Removal of the Elwha River
dam was completed in March 2012 and removal of the larger Glines Canyon dam
was completed in August 2014.53

With the actual removal of the dams, several unanticipated problems arose.
Beginning in October 2012, the Elwha Water Treatment Plant, part of the facilities
that constituted the largest part of the project budget, began to experience problems
when sediment and woody debris overwhelmed its water intake structures and
treatment facilities. This occurred despite sediment levels being well below those
that the plant was designed to handle.54 A dispute between the City of Port Angeles
and the NPS related to design flaws in the water treatment facilities and the cost of

45 https://www.nps.gov/olym/learn/nature/port-angeles-water-treatment-plant.htm
46 https://www.nps.gov/olym/learn/nature/water-treatment-overview.htm
47 https://govtribe.com/project/operation-and-maintenance-services-at-morse-creek-acclimation-and-
rearing-pond-facility
48 https://www.nps.gov/olym/learn/historyculture/timeline-of-the-elwha-1992-to-present.htm
49 https://www.nps.gov/olym/learn/nature/lower-elwha-klallam-tribe-fish-hatchery.htm
50 https://www.nps.gov/olym/learn/nature/lower-elwha-klallam-tribe-fish-hatchery.htm
51 http://wdfw.wa.gov/commission/meetings/2017/09/sep0817_14_presentation.pdf
52 https://www.nps.gov/olym/learn/nature/dam-removal-overview.htm
53 https://news.nationalgeographic.com/2016/06/largest-dam-removal-elwha-river-restoration-environ
ment/
54 https://www.seattletimes.com/seattle-news/elwha-dam-removal-hostage-to-water-plant-repairs/
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addressing these flaws and higher than expected operating costs is ongoing and
handover of the plant to the City seems to have been delayed indefinitely.55,56,57

In addition to problems with water treatment facilities, there have been issues
with other benefits that the dams’ removal was expected to yield. In June 2016, NPS
concessionaire Olympic Raft and Kayak stopped taking clients on trips down the
Elwha River because of safety concerns regarding the remaining debris from dam
removal projects.58 In March 2017, commercial and recreational fishing were
delayed as well when the pre-existing fishingmoratorium on the Elwhawas extended
to June 2019.59

References

Anderson, Joe, and Annette Hoffman. 2017. Elwha River Dam Removal, Fish Status Update,
and Fishing Moratorium. Available at http://wdfw.wa.gov/commission/meet
ings/2017/09/sep0817_14_presentation.pdf. (accessed November 22, 2017)

Bergstrom, John C., and John B. Loomis. 2017. “Economic Valuation of River Restoration:
An Analysis of the Valuation Literature and Its Uses in Decision-making.” Water
Resources and Economics, 17: 9–19.

Blomquist, Glenn C., Karen Blumenschein, and Magnus Johannesson. 2009. “Eliciting Will-
ingness to Pay Without Bias Using Follow-up Certainty Statements: Comparisons
Between Probably/Definitely and a 10-Point Certainty Scale.” Environmental and
Resource Economics, 43: 473–502.

Bohanon, Cecil E., John B. Horowitz, and James E. McClure. 2014. “Saying Too Little, Too
Late: Public Finance Textbooks and the Excess Burdens of Taxation.” Econ Journal
Watch, 11(3): 277–296.

Bronsteen, John, Christopher Buccafusco, and Jonathan S. Masur. 2012. “Well-Being Anal-
ysis vs. Cost-Benefit Analysis.” Duke Law Journal, 62: 1603.

Champ, Patricia A., and Richard C. Bishop. 2001. “Donation Payment Mechanisms and
Contingent Valuation: An Empirical Study of Hypothetical Bias.” Environmental and
Resource Economics, 19: 383–402.

Chilcote, Mark W., Steven A. Leider, and John J. Loch. 1986. “Differential Reproductive
Success of Hatchery and Wild Summer-Run Steelhead Under Natural Conditions.”
Transactions of the American Fisheries Society, 115(5): 726–735.

Clark, Bradley T. 2012. “DamRemoval and Restoration on the Elwha River: Does Size Really
Matter?”

55 http://www.peninsuladailynews.com/news/port-angeles-to-sue-park-service-in-dispute-over-elwha-
river-water-facilities/
56 https://www.seattletimes.com/seattle-news/port-angeles-tribe-say-elwha-water-plant-never-worked-
still-doesnt/
57 http://www.peninsuladailynews.com/news/national-park-service-denies-port-angeles-claim-on-
elwha-water-facilities/
58 https://www.seattletimes.com/life/outdoors/after-the-dams-a-river-of-junk-runs-through-unleashed-
elwha/
59 http://wdfw.wa.gov/news/mar3117a/

A retrospective benefit-cost analysis 23

http://wdfw.wa.gov/commission/meetings/2017/09/sep0817_14_presentation.pdf
http://wdfw.wa.gov/commission/meetings/2017/09/sep0817_14_presentation.pdf
http://www.peninsuladailynews.com/news/port-angeles-to-sue-park-service-in-dispute-over-elwha-river-water-facilities/
http://www.peninsuladailynews.com/news/port-angeles-to-sue-park-service-in-dispute-over-elwha-river-water-facilities/
https://www.seattletimes.com/seattle-news/port-angeles-tribe-say-elwha-water-plant-never-worked-still-doesnt/
https://www.seattletimes.com/seattle-news/port-angeles-tribe-say-elwha-water-plant-never-worked-still-doesnt/
http://www.peninsuladailynews.com/news/national-park-service-denies-port-angeles-claim-on-elwha-water-facilities/
http://www.peninsuladailynews.com/news/national-park-service-denies-port-angeles-claim-on-elwha-water-facilities/
https://www.seattletimes.com/life/outdoors/after-the-dams-a-river-of-junk-runs-through-unleashed-elwha/
https://www.seattletimes.com/life/outdoors/after-the-dams-a-river-of-junk-runs-through-unleashed-elwha/
http://wdfw.wa.gov/news/mar3117a/


Corps of Engineers, Seattle District. 2016. Final Environmental Assessment – Ediz Hook
Revetment Repairs and Beach Nourishment Activities: FY2016-2026. Available at
https://www.nws.usace.army.mil/Portals/27/docs/environmental/resources/2016Environ
mentalDocuments/Ediz%20Hook%202016-2026%20Revetment%20Repair%20FONSI_
and_Final_EA.pdf?ver=2016-06-24-180719-883. (accessed January 26, 2019)

Department of the Interior, Department of Commerce, and Lower Elwha S’Klallam Tribe.
1994. The Elwha Report: Restoration of the Elwha River Ecosystem and Native Anad-
romous Fisheries. A Report Submitted Pursuant to Public Law 102-495.

Federal Energy Regulatory Commission. 1993. Draft Staff Report Volume I: Glines Canyon
(FERC No. 588) and Elwha (FERC No. 2683) Hydroelectric Projects.Washington, DC:
Office of Hydropower Licensing.

Gelfenbaum, Guy, Andrew W. Stevens, Ian Miller, Jonathan A. Warrick, Andrea S. Ogston,
Emily Eidam. 2015. “Large-Scale DamRemoval on the Elwha River,Washington, USA:
Coastal Geomorphic Change.” Geomorphology, 246: 649–668.

Gowan, Charles, Kurt Stephenson, and Leonard Shabman. 2006. “The Role of Ecosystem
Valuation in Environmental Decision Making: Hydropower Relicensing and Dam
Removal on the Elwha River.” Ecological Economics, 56: 508–523.

Howe, CharlesW. 1987. “Project Benefits and Costs fromNational and Regional Viewpoints:
Methodological Issues and Case Study of the Colorado-Big Thompson Project.”Natural
Resources Journal, 27: 5–20.

Jorgenson, Dale W., and Kun-Young Yun. 1991. “The Excess Burden of Taxation in the
United States.” Journal of Accounting, Auditing & Finance, 6(4): 487–508.

Kelman, S. 1981. “Cost-Benefit Analysis: An Ethical Critique.” Regulation, 5: 33–40.
Kosnik, Lea-Rachel. 2006. “Sources of Bureaucratic Delay: A Case Study of FERC Dam

Relicensing.” Journal of Law, Economics, and Organization, 22(1), 258–288.
Kotchen, Matthew, Michael Moore, Frank Lupi, and E.S. Rutherford. 2006. “Environmental

Constraints on Hydropower: An Ex Post Benefit-Cost Analysis of Dam Relicensing in
Michigan.” Land Economics, 82(3): 384–403.

Lewis, Lynne, Curtis Bohlen, and Sarah Wilson. 2008. “Dams, Dam Removal, and River
Restoration: A Hedonic Property Value Analysis.” Contemporary Economic Policy, 26:
175–186.

List, John A., and Craig A. Gallet. 2001. “What Experimental Protocol Influence Disparities
Between Actual and Hypothetical Stated Values? Evidence from a Meta-Analysis.”
Environmental and Resource Economics, 20: 241–54.

Little, Joseph, and Robert Berrens. 2004. “Explaining Disparities Between Actual and Hypo-
thetical Stated Values: Further Investigation Using Meta-analysis.” Economics Bulletin,
3(6): 1–13.

Loomis, John B. 1996. “Measuring the Economic Benefits of Removing Dams and Restoring
the Elwha River: Results of a Contingent Valuation Survey.”Water Resources Research,
32(2): 441–447.

Loomis, John B. 2002. “Quantifying Recreation Use Values from Removing Dams and
Restoring Free-Flowing Rivers: A Contingent Behavior Travel Cost Demand Model
for the Lower Snake River.” Water Resources Research, 38(6): 1066–1073.

McKean, John, Donn Johnson, and R. Garth Taylor. 2012. “Three Approaches to Time
Valuation in Recreation Demand: A Study of the Snake River Recreation Area in Eastern
Washington.” Journal of Environmental Management, 112: 321–329.

24 Allen Bellas and Lea Kosnik

https://www.nws.usace.army.mil/Portals/27/docs/environmental/resources/2016EnvironmentalDocuments/Ediz%20Hook%202016-2026%20Revetment%20Repair%20FONSI_and_Final_EA.pdf?ver=2016-06-24-180719-883
https://www.nws.usace.army.mil/Portals/27/docs/environmental/resources/2016EnvironmentalDocuments/Ediz%20Hook%202016-2026%20Revetment%20Repair%20FONSI_and_Final_EA.pdf?ver=2016-06-24-180719-883
https://www.nws.usace.army.mil/Portals/27/docs/environmental/resources/2016EnvironmentalDocuments/Ediz%20Hook%202016-2026%20Revetment%20Repair%20FONSI_and_Final_EA.pdf?ver=2016-06-24-180719-883


McKean, John, Donn Johnson, and R. Garth Taylor. 2010. “Willingness-to-Pay for Steelhead
Trout Fishing: Implications of Two-Step Consumer Decisions with Short-Run Endow-
ments.” Water Resources Research, 46(9): 1–11.

Meyer, Philip A., and Richard Lichtkoppler. 1995. Elwha River Restoration Project: Eco-
nomic Analysis – Final Technical Report. Davis, CA.

Navrud, Stale, and Richard Ready, eds. 2002. Valuing Cultural Heritage: Applying Environ-
mental Valuation Techniques to Historic Buildings, Monuments and Artifacts. North-
ampton, MA: Edward Elgar.

Null, Sarah E., Josue Medellin-Azuara, Alvar Escriva-Bou, Michelle Lent, and Jay Lund.
2014. “Optimizing the Dammed:Water Supply Losses and Fish Habitat Gains fromDam
Removal in California.” Journal of Environmental Management, 136: 121–131.

Office of Management and Budget. 1992. Circular A-94: Guidelines and Discount Rates for
Benefit-Cost Analysis of Federal Programs. Available at https://obamawhitehouse.
archives.gov/sites/default/files/omb/assets/a94/a094.pdf. (accessed July 20, 2017)

Office of Management and Budget. 2016.Draft Report to Congress on the Benefits and Costs
of Federal Regulations and Agency Compliance with the Unfunded Mandates Reform
Act. Executive Office of the President. Available at https://obamawhitehouse.archives.
gov/sites/default/files/omb/assets/legislative_reports/draft_2016_cost_benefit_report_12_
14_2016_2.pdf. (accessed March 3, 2018)

Pohl, Molly. 2002. “Bringing Down Our Dams: Trends in American Dam Removal Ratio-
nales.” Journal of the American Water Resources Association, 38(6): 1511–1519.

Provencher, Bill, Helen Sarakinos, and Tanya Meyer. 2008. “Does Small Dam Removal
Affect Local PropertyValues? An Empirical Analysis.”Contemporary Economic Policy,
26(2): 187–197.

Rhodes, Raymon. J., John C. Whitehead, Theodore I. J. Smith, andMichael R. Denson. 2018.
“A Benefit-Cost Analysis of a Red Drum Stock Enhancement Program in South
Carolina.” Journal of Benefit Cost Analysis, 2018: 1–19.

Rizzo, Ilde, and AnnaMignosa, eds. 2013.Handbook on the Economics of Cultural Heritage.
Northampton, MA: Edward Elgar.

Robbins, Jesse, and Lynne Lewis. 2008. “Demolish It and They Will Come: Estimating the
Economic Impacts of Restoring a Recreational Fishery.” Journal of the American Water
Resources Association, 44(6): 1488–1499.

Stratus Consulting. 2015. Economic Valuation of Restoration Actions for Salmon and Forests
and Associated Wildlife in and Along the Elwha River. Available at http://www.habitat.
noaa.gov/pdf/Economic_Valuation_of_Restoration_Actions_for_Salmon_and_Forests_
and_Associated_Wildlife_in_the_Elwha_River.pdf. (accessed October 1, 2017)

Washington Department of Fish and Wildlife. 2017. Extension of Recreational and Commer-
cial Fishing Closure Announced for Elwha River and Its Tributaries. Available at http://
wdfw.wa.gov/news/mar3117a/. (accessed July 25, 2017)

A retrospective benefit-cost analysis 25

https://obamawhitehouse.archives.gov/sites/default/files/omb/assets/a94/a094.pdf
https://obamawhitehouse.archives.gov/sites/default/files/omb/assets/a94/a094.pdf
https://obamawhitehouse.archives.gov/sites/default/files/omb/assets/legislative_reports/draft_2016_cost_benefit_report_12_14_2016_2.pdf
https://obamawhitehouse.archives.gov/sites/default/files/omb/assets/legislative_reports/draft_2016_cost_benefit_report_12_14_2016_2.pdf
https://obamawhitehouse.archives.gov/sites/default/files/omb/assets/legislative_reports/draft_2016_cost_benefit_report_12_14_2016_2.pdf
http://www.habitat.noaa.gov/pdf/Economic_Valuation_of_Restoration_Actions_for_Salmon_and_Forests_and_Associated_Wildlife_in_the_Elwha_River.pdf
http://www.habitat.noaa.gov/pdf/Economic_Valuation_of_Restoration_Actions_for_Salmon_and_Forests_and_Associated_Wildlife_in_the_Elwha_River.pdf
http://www.habitat.noaa.gov/pdf/Economic_Valuation_of_Restoration_Actions_for_Salmon_and_Forests_and_Associated_Wildlife_in_the_Elwha_River.pdf
http://wdfw.wa.gov/news/mar3117a/
http://wdfw.wa.gov/news/mar3117a/

	A Retrospective Benefit-Cost Analysis on the Elwha River Restoration Project
	1 Introduction
	2 Background on the Elwha River Restoration Project
	3 The original benefit-cost analysis
	4 Methodological issues with the original benefit-cost analysis
	5 An ex post benefit-cost analysis of the Elwha River Restoration Project
	6 Comparisons of the ex ante and ex post benefit-cost analyses
	7 Conclusions
	Acknowledgements
	Supplementary material
	Appendix Timeline of implementation of The Elwha River Ecosystem and Fisheries Restoration Act40


