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This chapter presents the results of EPA’s streamlined
habitat-based replacement cost (HRC) valuation of
I&E losses at the J.R. Whiting facility in Monroe,
Michigan, for the following scenarios:

� the cost of offsetting all I&E losses without
the currently installed impingement deterrent
net using I&E data for 1978 and 1979 only
(baseline losses);

� the cost of offsetting 95 percent of baseline
losses, assumed to be equivalent to
installation of a cooling tower;

� the cost of offsetting losses equivalent to
installation of the net using the difference in
average annual impingement for 1978-1979
compared to 1981-1991.

A description of the HRC method and the process for
undertaking a complete HRC valuation of I&E losses is provided in Chapter A11 of Part A of this document.  To summarize,
a complete HRC valuation of I&E losses reflects the combined costs for implementing habitat restoration actions,
administering the programs, and monitoring the increased production after the restoration actions.  In a complete HRC
valuation, these costs are developed by first identifying the preferred habitat restoration alternative for each species with I&E
losses and then scaling the level of habitat restoration until the losses across all the species for that restoration alternative have
been exactly offset by the expected increases in production of each species.  The total value of the I&E losses at the facility is
then calculated as the sum of the costs across the set of preferred habitat restoration alternatives that were identified. 

The HRC method is thus a supply-side approach for valuing I&E losses in contrast to the more typically used demand-side
valuation approaches (e.g., commercial and recreational fishing impacts valuations).  An advantage of the HRC method is that
the HRC values address losses for species lacking a recreational or commercial fishery (e.g., forage species).  Further, the
HRC explicitly recognizes and captures the fundamental ecological relationships between species with I&E losses at a facility
and their surrounding environment by determining the value of I&E losses through the cost of the actions required to provide
an offsetting increase in the existing populations of those species in their natural environment.  

Streamlining was necessary to meet the schedule of the 316(b) existing sources rule and entailed combining Step 2
(identification of species habitat requirements), Step 3 (identification of habitat time and budget constraints typically faced by
NPDES permit t restoration alternatives), and Step 4 (consolidation and prioritization of habitat restoration alternatives),
restricting the analysis to readily available information, and eliminating site visits, in-depth discussions with local experts, and
development of primary data (see Chapter A11 of Part A of this document), which would be required before doing an actual
restoration.  Despite these restrictions, the streamlined HRC provided a more comprehensive, ecological-based valuation of
the I&E losses than valuation by traditional commercial and recreational impacts methods.  In addition, the streamlined HRC
valued direct, indirect, and passive uses not included in more traditional economic valuation techniques used in Chapter H4
and H6.
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The annualized costs, in 2000 dollars, of restoring sufficient fish production habitat to offset the I&E losses in perpetuity for
each scenario at the J.R. Whiting facility are as follows:

� Baseline losses: $0.2 - $3.5 million 
� Losses equivalent to those avoided by a cooling tower: $0.2 - $3.3 million
� Losses equivalent to those avoided by the barrier net in place at J.R. Whiting: $0.1 - $1.0 million.

The following subsections describe the streamlined HRC valuation applied to the J.R. Whiting facility and the advantages and
disadvantages of streamlining the HRC method.
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The streamlined HRC method relies on the same estimates of annual age 1 equivalent species losses that are developed in
Chapter H3 and incorporated in the commercial and recreational fishing impacts valuation presented in Chapters H4
(baseline) and H6 (cooling tower and barrier net).  EPA developed these estimates using I&E data reported directly by the
facility (Wapora, 1979, 1980; Consumers Power Company, 1984, 1988, 1992).  Total I&E losses at the facility may be
underestimated, particularly if certain species were not targeted by monitoring efforts or if short duration population spikes
occurred outside of monitoring events.  The HRC method inherently reduces the former problem by targeting restoration
activities that might benefit species lost but not monitored, but like all other measures of I&E losses, it relies on representative
monitoring.

Various life stages of organisms were lost to I&E at J.R. Whiting.  As with other facilities, primarily early stages such as eggs
and larvae are entrained, and primarily juveniles and adults are impinged.  However, EPA estimated total losses for each
species by converting all losses to a common equivalent life stage by applying average mortality rates between life stages for
each species.  These mortality rates were derived from the literature and best professional judgment.  Conversion between life
stages did not change the overall scale of required restoration in the streamlined HRC method because many eggs are
equivalent to few adults on both the I&E loss and increased production sides of the HRC equation.  For example, if on
average one adult survives from 10 eggs via a 90 percent cumulative mortality rate and 1 acre of habitat produces 10 eggs,
then restoration of 1 acre is needed to produce either one adult or 10 eggs.

Age 1 equivalent I&E losses of 17 species of fish were calculated using the available I&E monitoring data available from the
J.R. Whiting facility from 1978 through 1991.  These data are presented in Chapter H3 of this document.  A summary of
average annual age 1 equivalent losses in the different scenarios under consideration is presented in Table H5-1.

Several species impinged or entrained at J.R. Whiting are important to commercial or recreational fishing, including walleye,
yellow perch, catfish, and crappie.  Many others, including alewife, rainbow smelt, bluntnose minnows, emerald shiners, and
herrings, indirectly affect commerce and recreation because they are prey for commercially or recreationally important aquatic
and terrestrial wildlife species such as salmon and northern pike, bald eagles, and mink.  Furthermore, all of the species
provide numerous, complex, ecological services as sources of carbon and energy transfer through the food web, as well as
continuous interactive exploitation of niches available in the Great Lakes ecosystem (a system already under tremendous
stress from exotic species introductions, hazardous substance contamination, nonpoint source runoff, heat contamination,
habitat loss, overfishing, and I&E) from multiple sources.

For example, freshwater drum feed on a variety of small fish.  When food supplies are short, freshwater drum often out-
compete other species and thereby may increase mortality rates or decrease growth rates for those species (Edsall, 1967).  In
addition, several species of Centrarchids, including the crappie, are sensitive to the size of their predators’ population.  When
predators such as walleye are absent, species such as crappie can overcrowd their habitats and exhaust their own food
supplies, resulting in stunted growth (Wang, 1986a; Steiner, 2000).  Finally, some species are already subject to wide
fluctuations in population size from year to year, and may not be able to tolerate I&E losses, particularly at certain times of
the year.  For example, the gizzard shad is often subject to high mortality in the winter (Miller, 1960).
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Species

Baseline Scenario: (1978 and 1979) Reductions in I&E

Impinged Entrained Total
Cooling Tower

Scenario: 95% of
Baseline Losses

Barrier Net
Scenario: 1978-1979

vs. 1981-1991a

Gizzard shad 20,459,337 1,221,061 21,680,398 20,596,378 18,943,039

Emerald shiner 754,130 69,046 823,176 782,017 698,963

Sunfish spp. 1,720 350,828 352,548 334,921 238

Yellow perch 104,225 12,360 116,585 110,756 93,913

Common carp 60,640 36,496 97,136 92,279 57,620

White bass 48,937 28,118 77,055 73,202 41,213

Freshwater drum 38,970 29,768 68,738 65,301 26,658

Bluntnose minnow N/Ab 46,669 46,669 44,336 N/Ab

Rainbow smelt 3,776 20,575 24,351 23,133 3,573

Logperch 7,951 7,405 15,356 14,588 6,766

Crappie spp. 687 5,391 6,078 5,774 127

Sucker spp. 1,246 3,853 5,099 4,844 1,193

Walleye 4,699 N/Ab 4,699 4,464 4,511

Channel catfish 2,965 143 3,108 2,953 1,506

Bullhead spp. 2,001 N/Ab 2,001 1,901 1,909

Alewife 1,931 N/Ab 1,931 1,834 1,792

White perchc N/Ab N/Ab N/Ab N/Ab N/Ab

Total 21,493,215 1,831,713 23,324,928 22,158,681 19,883,021
a  Indirect evidence suggests the barrier net only reduces impingement, so only the difference in pre- and post-barrier net
impingement estimates of age 1 equivalents were estimated.
b  N/A for a species reflects no data reported as opposed to a reported value of 0.  N/A for the barrier net always corresponds to
N/A for baseline impingement.  
c  Impingement losses of white perch prior to the installation of the barrier net were not reported.  Quantified impingement losses
are reported for subsequent years, making white perch a species with recorded quantified I&E impacts at the J.R. Whiting facility.
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EPA combined steps 2, 3, and 4 of the HRC method by seeking a single habitat restoration program capable of increasing
production for most of the species with quantified I&E losses at J.R. Whiting.  Addressing each of these steps separately for
each of the I&E species would improve the analysis but would require more time than was available for the analysis for the
proposed rule.

J.R. Whiting’s CWISs are located in the shallow and enclosed end of Maumee Bay (western Lake Erie) and are surrounded by
marsh and wetlands, including the Woodtick Peninsula and the lands of the Erie Shooting Club (R. Micka, Lake Erie Clean
Up Committee Inc., personal communication, 2001).  Further, species affected by I&E clearly use these habitats, as
demonstrated by their I&E at the facility.  In addition, wetland restoration and preservation programs are active in many Great
Lakes states, providing a good source of readily available information on restoration costs.  Finally, readily available
information describes fish species use of Great Lakes’ coastal wetlands that can be used as a proxy for increased production
benefit estimates.  Therefore, coastal wetland restoration is the preferred restoration alternative for offsetting the I&E losses at
the J.R. Whiting facility in this streamlined HRC valuation.
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A literature search revealed a study (Brazner, 1997) that provides fish capture data by species from sampling efforts
conducted at a series of Green Bay (Lake Michigan) coastal wetland and sand beach sites.  No other studies provide more
direct measures of increased fish species production following Great Lakes coastal wetland restoration, or fish capture data in
wetlands closer to the J.R. Whiting facility.  However, the Brazner study sampled wetlands in the warmer, shallower, more
eutrophic waters of southern Green Bay, which are similar to the waters of western Lake Erie.  After examining the data from
the Brazner study and discussing them with the author, EPA dropped less similar sites from northern Green Bay.  For each of
the species lost at J.R. Whiting, a match was found with a species, or combination of species, among those captured at the
southern sites in the Brazner study.  Table H5-2 shows the species caught in the Brazner study that were paired with the
species being lost at the J.R. Whiting facility (this represents only a fraction of the species caught in these southern locations
in the Brazner study).
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Species with I&E Loss Estimates at J.R. Whiting
Corresponding Species Caught in Sampling of Green Bay

Coastal Wetlands (Brazner, 1997)

Alewife Yes

Bluntnose minnow Yes

Bullhead spp. Yes (as black, brown, and yellow bullhead)

Channel catfish Yes

Common carp Yes

Crappie spp. Yes (as black crappie)

Emerald shiner Yes

Freshwater drum Yes

Gizzard shad Yes

Logperch Yes

Rainbow smelt Yes

Sucker spp. Yes (as white sucker)

Sunfish spp. Yes (as green sunfish)

Walleye Yes

White bass Yes

White perch Yes

Yellow perch Yes

Because of the close match between the physical habitats of southern Green Bay and western Lake Erie and the confirmation
of similar species between the sites, EPA estimated densities for each southern Green Bay species and used them as a proxy
for direct measurements of potential increased production following wetland restoration.  This approach assumed that
additional wetland habitat restored near J.R. Whiting would provide similar densities of each species as the wetland habitats
sampled in Green Bay.  Direct measurements of densities of each species before and after actual wetland habitat restorations
in western lake Erie could test this assumption and improve the reliability of the HRC valuation for J.R. Whiting.

EPA developed the density estimates for each species for each site using aggregate sampling results provided by the author
(J. Brazner, U.S. EPA, Duluth Lab, personal communication, 2001).  Table H5-3 provides a summary of the Green Bay
capture data (J. Brazner, U.S. EPA, Duluth Lab, personal communication, 2001) for each species that has quantified I&E
losses at J.R. Whiting.  Data for each of four Green Bay sites are presented, as are the average and maximum of all four sites.



������E��&DVH�6WXGLHV��3DUW�+��-�5��:KLWLQJ� &KDSWHU�+���6WUHDPOLQHG�+5&�9DOXDWLRQ�RI�,	(�/RVVHV

H5-5

)�0���	
#7��;�����,�"���������'0�����!��4���

Species Name for HRC
Analysis

Number Captured: Lower Green Bay Wetland Locationsa Summary Statistics

Long Tail
Point Wetland

Little Tail Point
Wetland

Atkinson
Marsh

Sensiba Wildlife
Refuge

Average Maximum 

Yellow perch 3,525 942 333 1,108 1,477 3,525

Gizzard shad 384 264 160 137 236 384

Bluntnose minnow 285 116 15 259 169 285

Alewife 265 142 92 124 156 265

Emerald shiner 113 31 251 224 155 251

White bass 52 226 106 9 98 226

Sucker spp.b 14 10 1 103 32 103

Carp 19 10 3 1 8 19

Green sunfish 3 5 22 2 8 22

Bullhead spp.c 9 4 0 2 4 9

Freshwater drum 4 4 7 1 4 7

White perch 0 0 0 7 2 7

Crappie spp.d 1 2 1 1 1 2

Channel catfish 0 0 3 0 1 3

Logperch 0 0 0 1 0 1

Rainbow smelt 0 1 0 0 0 1

Walleye 1 0 0 0 0 1
a  Number captured in samples of 100 meters linear coastal wetland frontage.  Reflects age 1 fish (not eggs and larvae).
b  Sucker spp. values are those reported for white sucker.
c  Bullhead spp. values are the sum of the black, brown, and yellow bullhead values at each location.
d  Crappie spp. values are those reported for black crappie.

The raw capture data were converted to density estimates for each species by assuming that each sampling event of 100 m of
linear coastal wetland frontage corresponded to an average of 100 m of perpendicular width of connected coastal wetlands
(i.e., each sampling event included fish from an assumed 100 m x 100 m area of wetlands).  This assumption is based on
discussions with the author about the likely perpendicular width of the sampled wetlands that was being used as habitat by the
sampled species (J. Brazner, U.S. EPA, personal communication, 2001).  A further adjustment was then made to the raw
capture data to recognize the fact that shoreline sampling would capture only a portion of the fish actually using the 100 m x
100 m wetland habitat.  After discussions with the author, the capture data were increased by a factor of 100 (1/0.01), based
on the assumption that only 1 percent of the fish present or relying on the wetland habitat were captured in the sampling event. 

The resulting per acre average density estimates for each species was used in the HRC equation as the measure of increased
production that would most likely be provided by wetland habitat restoration near J.R. Whiting.  The maximum per acre
density estimate for each species was used as an upper bound estimate of fish density that would result from wetland
restoration near the J.R. Whiting facility. 

Brazner (1997) captured young-of-year (younger than age 1), age 1 fish, and adult fish (older than age 1) in the Green Bay
wetlands.  In this evaluation, the capture data were treated as if it represented age 1 fish, which eliminated the need to apply
mortality rates to adjust for survival between life stages for each species, as was done for I&E losses.  Since Brazner (1997)
reports a high percentage of young-of-year fish captured at all Green Bay sites, this assumption most likely results in a slight
overestimation of age 1 fish densities, and therefore potentially underestimates the scale of restoration required to offset the
average annual I&E loss for each species (i.e., it underestimates baseline losses from I&E).
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EPA calculated the amount of Great Lakes coastal wetland restoration required to offset I&E losses for each species at the
J.R. Whiting facility by dividing the average annual I&E loss for each species in each scenario by its per-acre estimate of
increased production of age 1 equivalents.  The results of this scaling for the baseline scenario are presented in Table H5-4.
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1  The maximum species-density-based estimates are included only as a sensitivity analysis and reflect a minimal scale of restoration
that would be required if Lake Erie wetland restorations were much more highly successful then EPA anticipates.  Detailed, repeated
monitoring of I&E species in areas where restoration has occurred will increase the accuracy of future analyses.
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Species
Average Annual

Age 1 Equivalents
Lost to I&E

Per-Unit Production Benefit (age 1 fish per
restored coastal wetland acre)

Required Acres of Wetland Restoration to
Offset I&E Loss

Average Value 
Maximum Value

Across Sites
Based on Average
Production Value

Based on Maximum
Production Value

Rainbow smelt 24,351 10 40 2,407 602

Gizzard shad 21,680,398 9,561 15,540 2,268 1,395

Logperch 15,356 10 40 1,518 379

Sunfish spp. 352,548 324 890 1,089 396

Walleye 4,699 10 40 464 116

Freshwater drum 68,738 162 283 425 243

Common carp 97,136 334 769 291 126

Emerald shiner 823,176 6,263 10,158 131 81

Crappie spp. 6,078 51 81 120 75

Channel catfish 3,108 30 121 102 26

White bass 77,055 3,976 9,146 19 8

Bullhead spp. 2,001 152 364 13 5

Bluntnose minnow 46,669 6,829 11,534 7 4

Sucker spp. 5,099 1,295 4,168 4 1

Yellow perch 116,585 59,774 142,657 2 1

Alewife 1,931 6,303 10,725 0.3 0.2

White perch N/A 71 283 N/A N/A

Whether using average or maximum production values, over half of the species listed in Table H5-4 would require that
hundreds or thousands of acres of wetland habitat be restored to fully offset the I&E losses caused by the J.R. Whiting CWIS. 
If Great Lakes coastal wetland restoration is the best natural restoration alternative for offsetting losses for each of these
species, then approximately 2,400 acres of coastal wetland restoration is required to fully offset all I&E losses under the
baseline scenario using the average adjusted per acre density estimates (because restoring either rainbow smelt or gizzard
shad would require that much wetland restoration, and all other species would be fully restored as well).  However, without
further discussions with local experts, and perhaps additional investigation of the relationship between feasible restoration
activities and per-acre production benefits (particularly for the species driving the highest acreage needs), these assumptions
may not be valid.  On the other hand, the benefit of any given restoration program should always vary among species, and
species with relatively high productivity or low I&E losses cannot drive the HRC results without sacrificing necessary offsets
for other species with lower productivity or higher I&E losses.  As seen in the results in Table H5-4, a large restoration
requirement can reflect either low productivity of the restored habitat for the species (e.g., rainbow smelt) or very large I&E
losses (e.g., gizzard shad).

Table H5-4 also shows that both the scale and distribution of the estimates of required wetland restoration change when
maximum species density estimates are substituted for the averages.  EPA used average species density estimates as the
primary source of information because they are more representative of wetland productivity in the Brazner study, and more
accurately reflect the difficulties of achieving full function in restored versus native habitats.1 

Since a rigorous investigation of the relationship between feasible restoration alternatives and per-unit production estimates
was not completed under the streamlined approach, using the highest restoration requirement (for rainbow smelt) may not be
justified.  Therefore, the restoration requirements were ordered for all of the species so that percentiles could be calculated. 
Using the 100th percentile (rainbow smelt) would offset losses for all of the species, as appropriate under a complete HRC
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2  For instance, using the 25th percentile restoration requirement from Table H5-4 (7 acres for bluntnose minnow) would be valid only
if further analysis produced superior (cheaper or more productive) restoration alternatives, or superior wetland productivity estimates that
were higher for most of the species, including rainbow smelt, gizzard shad, sunfish spp., logperch, walleye, freshwater drum, common carp,
emerald shiner, crappie spp., channel catfish, white bass, and bullhead spp.  Even the 50th percentile value that we use as a lower bound
estimate assumes that eight of these species could each be produced more effectively with different restoration alternatives, or that wetland
productivity is actually higher for all eight species.
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analysis.  However, the 90th and 50th percentiles (corresponding to gizzard shad and emerald shiner, respectively) were used
to bound the estimate of the required scale of restoration.  Using a lower percentile than the 100th recognizes that further
analyses (or monitoring) might identify restoration programs more efficient and less costly than wetland restoration for
species with the highest wetland restoration needs, or might produce better and higher wetland restoration productivity
estimates (lower cost) for those same species.  Nevertheless, using lower percentiles risks underestimating the costs of needed
restoration because most species benefit from wetland restoration, and wetland restoration could easily prove to be the best
alternative for those species with the greatest wetland restoration needs.  Further, improved analysis and monitoring are as
likely to lower productivity estimates as they are to raise them.  Therefore, percentiles less than the 50th were rejected as
unreasonable.2

Table H5-5 presents the 90th and 50th percentile results from the distribution of required Great Lakes coastal wetland
restoration calculated using the average species density estimates as a proxy for increased species production for each of the
I&E scenarios under consideration and combined average annual I&E losses of age 1 equivalent fish.  Table H5-5 also
presents the results using the maximum species density estimates as a sensitivity analysis.
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I&E Scenario

Acres of Required Wetland Restoration with
Average Species-Specific Density Estimates 

(preferred alternative)

Acres of Required Wetland Restoration with
Maximum Species-Specific Density Estimates 

(sensitivity test)

90th Percentile Result 50th Percentile Result 90th Percentile Result 50th Percentile Result

Baseline 2,268 131 602 81

In lieu of cooling tower 2,154 125 572 77

In lieu of barrier net 669 50 167 12
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EPA calculated annualized per-acre costs for restoring coastal wetlands in a Great Lakes ecosystem from the information in
the Restoration and Compensation Determination Plan (RCDP) produced for the Lower Fox River/Green Bay Natural
Resource Damage Assessment (U.S. Fish and Wildlife Service and Stratus Consulting, 2000), which incorporated a similar
program as a restoration alternative.  The RCDP’s per-acre cost included expenses for the restoration implementation
(fieldwork), project administration, maintenance, and monitoring.  

The RCDP’s wetland restoration program focused on acquiring lands around Green Bay that are currently in agricultural use
and that are located on hydric soils (an indicator of a wetland area).  These former wetlands were generally brought into
agricultural production through the draining or tiling of the land.  Therefore, most of the expense (63 percent) in the RCDP’s
per-acre cost estimates was for land acquisition and restoration actions necessary to re-establish functioning wetlands. 
Maintenance costs (9 percent) consisted of expenses for periodic mowing and burning to maintain the dominance of wetland
vegetation.  The remaining expenditures (28 percent) covered anticipated administrative expenses for the program.  The per-
acre cost estimates for the various components of the wetland restoration program as presented in the Lower Fox River/Green
Bay RCDP are provided in Table H5-6 along with the equivalent annualized per-acre cost that is used to value the required
scale of wetland restoration in this streamlined HRC (the development of this annualized value is discussed in the following
paragraph).
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Restoration Program Component $/Acre Cost Method

Land acquisition 3,000 Survey of land prices

Land transaction costs 600 20 percent of land price, reflects agency (U.S. FWS) experience

Restoration action 2,600 Project experience (See Table Source)

Contingency on restoration action 260 10 percent of restoration actions, consistent with standard practice

Project maintenance 590 Project experience (See Table Source)

Monitoring 340 5 percent of total of land acquisition, land transaction, restoration
action, and maintenance

Agency (landowner) overhead (project
administration)

2,900 38.84 percent of sum of all other cost, reflects agency (U.S. FWS)
experience

Total Cost 10,300

Total Annualized Cost 1,540

Source: U.S. Fish and Wildlife Service and Stratus Consulting, 2000.

In annualizing the RCDP’s unit costs for this streamlined HRC, EPA made a distinction between expected initial one-time
program outlays (expenditures for land, transaction costs, restoration actions, contingency, and agency overhead) and
anticipated recurring annual expenses (project maintenance and monitoring).  Those costs that were viewed as initial program
outlays were treated as a capital cost and annualized over a 20-year period at a 7 percent interest rate providing an annualized
value of $882 from their initial combined value of $9,360.  EPA then estimated the present value (PV), using a 7 percent
interest rate, of the recurring annual expenses for 10 years as this is the length of time incorporated for monitoring in the
complete HRC valuations conducted for the Brayton Point and Pilgrim facility case studies.  This PV for the recurring annual
expenses was then annualized over a 20 year period, again using a 7 percent interest rate resulting in an annualized expense of
$658.  This process effectively treats the monitoring expenses associated with the wetland restoration consistently with the
annual operating and maintenance costs presented in the costing, economic impact, and cost-benefit analysis chapters.  The
annualized recurring expenses were then added to the annualized initial program outlays resulting in a total annualized cost
for the wetlands restoration alternative of $1,540 per acre. 

However, these unit costs probably understate the cost of monitoring that would be sufficient to measure per-unit production
benefits in restored wetlands, which could then improve future HRC calculations.  In the RCDP’s wetland restoration
monitoring program, the emphasis was on evaluating whether the hydrology of the former wetlands and the associated
vegetation were returning over time, activities that could be achieved with relatively minimal effort.  In contrast, a monitoring
program capable of addressing whether anticipated increases in the production of certain species were being achieved in the
restored wetland areas would require a far more significant commitment of time and resources, resulting in commensurately
larger expenditures.
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EPA estimated the total annualized cost to offset the average annual I&E losses at the J.R. Whiting facility by multiplying the
50th percentile and 90th percentile results of the required acreage of wetland restoration (see Table H5-5) by the annualized
per-acre wetlands restoration costs from the RCDP (see Table H5-6).  These results are presented in Table H5-7.
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I&E Scenario

Cost of Required Wetland Restoration with
Average Species-Specific Density Estimates 

(preferred results)

Cost of Required Wetland Restoration with
Maximum Species-Specific Density Estimates 

(sensitivity test)

90th Percentile Result 50th Percentile Result 90th Percentile Result 50th Percentile Result

Baseline $3.5 $0.2 $0.9 $0.1

In lieu of cooling tower $3.3 $0.2 $0.9 $0.1

In lieu of barrier net $1.0 $0.1 $0.3 $0.0a

a Exact value of $19,103 is converted to $0.0 when rounded for presentation in millions. 
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The results of the streamlined HRC provide an annualized present value estimate of roughly $3.5 million for a program of
Great Lakes coastal wetland restoration that would offset the average annual age 1 equivalent losses from the baseline period
in perpetuity using the 90th percentile results and average species density estimates.  Using the same 90th percentile selection
rule and the average species density results, the preferred results provide a value for installing a cooling tower that would
eliminate 95 percent of the baseline I&E losses in perpetuity of $3.3 million, while the reduced impingement from the barrier
net is valued at $1.0 million assuming the estimated average annual reduction in lost age 1 equivalents continues in perpetuity. 
Incorporating the maximum observed species density from any of the sampled wetlands in Green Bay reduces the value of the
90th percentile scenario results to roughly one-fourth the average species density results.

Table H5-8 shows the results of the streamlined HRC analysis for impingement losses, entrainment losses, and total I&E
losses separately.
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I&E Scenario
Component of I&E

Loss
Annualized Value

90th Percentile 50th Percentile

Baseline Impingement $1.2 $0.2

Entrainment $1.7 $0.2

I&E totala $3.5 $0.2

Cooling tower I&E total $3.3 $0.2

Barrier netb Impingement (Total) $1.0 $0.1
a  The total is not equal to the sum of the results from the I&E components because of different numbers of species in these components as
well as different rankings of the species based on the extent of required restoration in these components.  
b  For the barrier net analysis, the impingement results also serve as the total results because no entrainment monitoring was done in the
post-net period.
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The fundamental appeal of the HRC is its ability to incorporate and value environmental losses that are either undervalued or
ignored by traditional valuation approaches, such as recreational and commercial fishing valuation (see Chapter A11 in Part A
of this document for additional discussion).  The primary advantage of the streamlined HRC is the limited effort and time
required to provide regulators with an initial assessment of whether a complete HRC is justified.  For facilities like J.R.
Whiting with relatively large I&E impacts and I&E impacts to many species not targeted by anglers, a complete HRC is likely
to be worthwhile, even given budgetary and time constraints associated with permit re-issuance cycles.  In addition, the
streamlined HRC provides regulators with a framework to evaluate mitigation proposals put forth by industry to address
residual I&E losses associated with the permitted BTA.

The primary weakness of the streamlined HRC is the uncertainty resulting from limited opportunities to access local resource
experts and unpublished primary data in the selection of a preferred restoration alternative, the development of per-unit
production benefits for each species, and the estimation of restoration unit costs.

For these reasons, streamlining an HRC may be most appropriate when:

� a limited number of species experience I&E losses or the majority of I&E losses are realized by a small number of
species

� the regulator is familiar with, or can quickly determine, the preferred restoration alternative for these critical species
� benefits information from evaluations of local habitats is available, and extrapolations do not lead to extreme

variability
� published sources of information allow estimation of all important aspects of the restoration costs.

If these conditions are absent, a complete HRC analysis will provide a more comprehensive estimate of the losses associated
with I&E than provided by traditional valuations. 

In conclusion, the streamlined HRC method provides regulators, industry, and the public with an important method to quickly
estimate the likely value of I&E losses at 316b-regulated facilities.  Further, because regulators and local experts can often
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quickly assess whether appropriate and necessary information exists for the valuation of I&E resources, streamlining may
offer many opportunities to broaden the evaluation of I&E to include ecological and related public services, even when facing
significant time and budgetary constraints.


