
CALIFORNIA GULCH AND UPPER ARKANSAS RIVER 	 CHAPTER 2 


2.1 INTRODUCTION 

This chapter summarizes readily available information concerning injuries to California 
Gulch surface water and groundwater, Upper Arkansas River surface waters, and associated 
biota.1 It also provides a preliminary estimate of restoration costs needed to offset these injuries. 
For California Gulch groundwater, a market value approach also is applied to provide an 
estimate of potential replacement costs needed to offset reduced water availability due to 
contamination. Consistent with existing analyses of these resources, this chapter presents 
information by the following three geographic sub-segments: 

a)	 California Gulch;   

b)	 The "11-mile reach" of the Upper Arkansas River, extending between its 
confluences with California Gulch and Two Bit Gulch (reaches 1-4); and 

c) The "downstream" section of the Upper Arkansas River extending from its 
confluence with Two Bit Gulch to Pueblo Reservoir (reaches 5-10). 

Surface water resources provide a variety of important ecological services (e.g., habitat 
for benthic biota, fish and birds) and human use services (e.g., for recreation, agriculture and 
drinking water supply). Table 2-1 summarizes designated uses established by the Colorado 
Water Quality Control Commission for relevant portions of the mainstem of the Arkansas River 
and shows where the above-defined reaches fall in relationship to these stream segments. 
Groundwater supports a variety of human uses (e.g., agricultural, drinking water and industrial 
water supply), and also is a critical pathway resource integrally connected with surface water. 

Based on the preliminary analyses presented in this chapter, the cost of restoration 
projects needed to offset post-1981 natural resource service impairment in the 11-mile reach is 
expected to be on the order of approximately $9.3 to $12.0 million. Similar calculations suggest 
that the total magnitude of injuries to downstream areas is approximately $9.5 to $17.9 million, 
for a total of $18.8 to $29.9 million dollars as a restoration cost-based preliminary damage 

1 Consistent with DOI natural resource damage regulations, Arkansas River and California Gulch "surface 
water" is defined to include the waters themselves as well as sediments suspended in the water or lying on the bank, 
bed, or shoreline. "Groundwater" includes water in a saturated zone or stratum beneath the surface of land or water 
and the rocks or sediments through which groundwater moves. 
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estimate. Injuries to California Gulch surface water and ground water add an additional $18.9 to 
$21.6 million to estimated water-related damages.   

Table 2-1 
Stream Classifications for the Arkansas River 

Stream 
Segment 

Segment Description Designated Uses Corresponding 
Reach 

2a 

Mainstem of the East Fork of the Arkansas River and 
the Arkansas River from a point immediately above the 
confluence with Birdseye Gulch to a point immediately 
above the confluence with California Gulch 

Aq Life Cold 1 

Reach 0Recreation 2 
Water Supply 
Agriculture 

2b 

Mainstem of the Arkansas River from a point 
immediately above California Gulch to a point 
immediately above the confluence with Lake Fork 

Aq Life Cold 1 

Reach 1Recreation 2 
Agriculture 

2c 

Mainstem of the Arkansas River from a point 
immediately above the confluence with Lake Fork to a 
point immediately above the confluence with Lake 
Creek. 

Aq Life Cold 1 Reaches 2-4 
Recreation 2 
Agriculture Reach 5 
Aq Life Cold 1 

3 

Mainstem of the Arkansas River from a point 
immediately above the confluence with Lake Creek to 
the inlet to Pueblo Reservoir 

Recreation 2 

Reaches 6-10Water Supply 
Agriculture 
Agriculture 

2.2 CALIFORNIA GULCH 

California Gulch encompasses OU4 (Upper California Gulch) and OU8 (Lower 
California Gulch), and receives water from throughout the District, including Oregon Gulch, 
Stray Horse Gulch, the Yak Tunnel Water Treatment Plant and Starr Ditch. The California Gulch 
area, for the purposes of this PED, is 3.4 acres.2  Surface water flow in upper California Gulch 
and its tributaries is generally intermittent, typically occurring only as the result of snow-melt 
runoff and high intensity summer precipitation events which may mobilize contaminants from 
the mine waste piles throughout the area (ROD OU4 1998, Section 5.1).   

2.2.1 Evidence of Injury 

Water samples from the mouth of California Gulch (spring runoff, 1994 to 2005) exceed 
chronic thresholds for zinc and cadmium (CDOW, 2006, Table 21). Monthly average zinc and 
cadmium values are roughly ten times those measured downstream in Reach 1 of the Upper 
Arkansas (CDOW, 2006, Tables 8 and 9). Current surface and shallow groundwater flows from 
California Gulch greatly exceed the Colorado Table Value Standards (TVSs) and are the primary 
pathway for elevated metals concentrations in the surface water of the 11-mile reach of the 
Arkansas River (SCR, 2002, p. 3-5). The contamination has resulted in the loss of a benthic 
invertebrate community in California Gulch.  Sampling in the fall of 1989 indicated the absence 

2 Potential injuries at Malta Gulch, Stray Horse Gulch, Evans Gulch and Oregon Gulch are not included in 
the current draft of the PED but may be considered at a future time. 
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of macroinvertebrates in California Gulch (CDOW, 1990, p.4).3 Sampling the following spring 
found a few larvae (Limnophora and Diplocladius cultriger) downstream of the Leadville 
wastewater treatment plant (WTP) discharge. No macroinvertebrates were found upstream of the 
plant (CDOW, 1990, p. 4). From 1995 to 1997, mayfly densities were below one percent of 
values at reference locations in the Arkansas River and East Fork. California Gulch sites also 
included a significantly reduced number of taxa relative to reference locations (Chadwick 1998). 
No fish were observed in California Gulch during fall sampling in 1989 (CDOW, 1990, p. 4).  

The majority of wells in Stray Horse Gulch, Evans Gulch, Oregon Gulch, and along the 
entire length of California Gulch still have metals contamination exceeding groundwater criteria 
(Tetra Tech, 2004). Exceedences have been consistent for at least 20 years. In 1985, most of the 
33 permitted domestic use wells in the California Gulch alluvium were abandoned due to color, 
taste, odor, and high cadmium levels (Engineering Sciences, 1986). Several residents, 
particularly near Stringtown, were placed on the Parkville Water District public water supply 
after their wells were retired from service due to contamination. 

The dynamics between surface water and groundwater complicate the analysis of 
groundwater contamination independent of surface water. Figure 3.2-2 from the Golder 
Associates (1996) report shows that the majority of the reaches in California Gulch are losing 
reaches, meaning that surface water is migrating into groundwater. Approximately 3,500-4,000 
linear feet of the channel are gaining reaches, where groundwater is driven into the surface 
water. Given this complex system, it is likely that contaminated water may journey from 
groundwater to surface water and back to groundwater several times en route from upper 
California Gulch to the Arkansas River. 

For purposes of this PED, the Trustees have evaluated California Gulch surface water and 
groundwater as a single interconnected system to account for potential injuries to water at the 
various gaining and losing reaches. 

2.2.2 Injury Quantification 

Injury quantification is based on flux calculations of both surface water and groundwater. 
Flux is calculated concurrently for surface water and groundwater at temporally and 
geographically paired locations. The flux calculations were performed for a location slightly 
upstream of the California Gulch-Malta Gulch confluence. 

Surface water flux is equivalent to stream flow. The quantity of surface water flow is 
based on average flow data from 1989 through 2005. The 1989-2005 period includes both higher 
flow periods in the 1990s and lower flow periods after 2000. The OU12 Remedial Investigation 
(Draft RI; HDR, 2006) shows the calculated average daily flow at CG-5 (just downstream of the 
airport) between 1989 and 2006 to be 2.24 cfs (n = 92), and the average daily flow at CG-6 
(mouth of California Gulch, downstream of Malta) between 1994 and 2006 to be 2.71 cfs (n = 
380). The site selected for estimating flux is approximately midway between these two sampling 

3 A small number of specimens (one Hemipteran, one Coleoptera, and 91 Daphnia) were found in a station 
near the Leadville municipal wastewater treatment Plant, and were thought to have originated in the discharge 
(CDOW, 1990, p. 4). 
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stations, but is upstream of Malta Gulch. The annual average surface water flow therefore was 
estimated to be 2.48 cfs or 1,795 acre-feet/year (AF/yr). 

Groundwater flux estimates were developed using the following equation: Q = KiA, 
where Q is groundwater flux (ft3/d), K is hydraulic conductivity (ft/d), i is gradient (ft/ft), and A 
is the cross-sectional area of the plume equal to Depth x Width (ft2). 

2.2.2.1 Hydraulic Conductivity (K) 

Few studies have analyzed the characteristics of the California Gulch alluvial aquifer. 
One of the early studies of the California Gulch groundwater was from Turk & Taylor (1979) 
whose data were cited by others. They included an estimate of average hydraulic conductivity 
(K) of 1.5 ft/d, and an estimated flux of 1.3 ft3/s across an area one mile wide and 1,000 ft thick 
at an unspecified location. Back-calculating from those data, they assumed a gradient of 0.014 
ft/ft. Their estimate of K is reasonable for the alluvial aquifer. 

Golder Associates (1996) calculated hydraulic conductivities at several locations 
throughout California Gulch. Hydraulic conductivities ranged by several orders of magnitude, 
even in wells that were close to each other. In the shallower portions of California Gulch (upper 
4 – 5 ft), the K for the alluvium was higher, but varied by three orders of magnitude (6.6 x 100 to 
1.1 x 10+3(ft/d)). In the deeper portions of California Gulch alluvium (20 – 140 ft deep) near the 
tailings and mine waste areas, K values ranged from 4.91 x 10-3 to 4.12 x 10+2 ft/d. The dynamics 
between surface water and groundwater complicate the analysis of groundwater contamination. 
In the losing reaches, some piezometers showed an unsaturated zone below the riverbed, 
indicating areas where there is no direct hydraulic connection between surface water and 
groundwater. Given this complex system, it is possible that a molecule of contaminated water 
may journey from groundwater to surface water and back to groundwater several times en route 
from upper California Gulch to the Arkansas River. 

2.2.2.2 Hydraulic Gradient (i)  

Golder (1996, Table 3.1-1) also presents a range of hydraulic gradients in the alluvial 
aquifer under California Gulch. Using piezometers in California Gulch itself, the gradient ranged 
from 0.019 ft/ft to 0.05 ft/ft. The estimate of average gradient through California Gulch alluvium 
was 0.03 ft/ft (Golder, 1996). The hydraulic gradients for the California Gulch tributaries and 
areas near Leadville generally fall within that range as well. 

2.2.2.3 Alluvium Thickness (D) 

The Pendery fault runs approximately north-south along the eastern end of Leadville, 
downstream of the tunnel portals. This fault has a displacement of at least 200 ft, with the entire 
displaced area backfilled with alluvium (Engineering Sciences, 1986). Downstream of this fault, 
the alluvium is very thick, heterogeneous and anisotropic. Golder Associates (1996) estimates 
the saturated thickness of alluvium exceeds 1,000 ft in many places; the three downstream wells 
that Golder sunk into bedrock ranged from 420 to 1,265 ft deep. 

Those three bedrock wells are nested with piezometers in the alluvium. Two of the three 
had an upward gradient, meaning groundwater was moving from deep into shallow (and 
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therefore contamination in the shallow aquifer would not be expected to reach the deep aquifer), 
and one nested site had a downward gradient. The site with the downward gradient was near the 
Leadville Mine Drainage Tunnel, so it is possible (or likely) that the sump effect of the tunnel 
reduced the head of the bedrock well enough to induce the downward gradient (Golder, 1996). 

The available studies do not contain any data with multi-level wells, where one could 
definitively ascertain the depth of contaminated groundwater in the California Gulch alluvium. 
The alluvium itself is saturated for up to 1,000 ft (Golder Associates, 1996), but the 
contamination most likely stays near the surface. Estimates of the depth of contamination include 
25 ft (RMC, 2001), 25 to 50 ft (1987 RI report in HDR, 2003), 50 ft (Engineering Sciences, 
1986), and 100 to 200 ft (Lee Pivonka & Mike Wireman, 2003). TetraTech (2004) also provides 
information for calculating contaminated saturated thickness (screened intervals and 
concentrations). Using this information, the contaminated saturated thickness in the upper 
California Gulch area (near Penrose Tailings) is 140.7 ft, and the saturated thickness in the lower 
California Gulch area (near the confluence with the Arkansas River) is 50 ft. 

2.2.2.4 Plume Width (W) 

Width of the plume is developed from HDR, 2006 (Figures 4-63 and 4-64) that show plan 
views of inferred alluvial groundwater contamination in California Gulch. Based on the plume 
depicted in HDR, 2006 (Figures 4-63 and 4-64), contaminated plume widths range from 300 to 
500 ft. 

2.2.2.5 Groundwater Flux Summary 

To account for variability in the available information, we provide three alternative 
estimates of groundwater flux based on a range of conductivity (K) and plume areas. Table 2-2 
shows a range of flux calculations based on the aforementioned ranges in input data. The 
calculated flux ranges widely, governed mainly by the multiple orders of magnitude range in K 
values for the upper alluvium. The flux value presented as the medium range in Table 2-2 
(185,400 ft3/d) uses the high end of the K values for the deeper (20-140 ft) piezometers in the 
aquifer, and the low end of contaminated saturated thickness from TetraTech (2004). We believe 
this provides a reasonable flux value for the aquifer as a whole, given the available data. 

Combining the surface water and groundwater flux estimates provides the total injury 
quantification for California Gulch. These estimates are: 

1,795 AF/yr (surface) + 1,554 AF/yr (ground) = 3,349 AF/yr. 

2.2.3 California Gulch Preliminary Estimate of Damages 

Damages for injury to California Gulch water resources were calculated using two 
alternative approaches. First, a restoration-based approach using a Resource Equivalency 
Analysis (REA) framework is developed. Then, because surface water and groundwater in this 
area are integrally related and regional water markets exist, the Trustees have utilized a market 
valuation approach, using the cost of acquiring water rights in the area, as an alternative measure 
of damages.  
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Using the above estimate of contaminated water resource, a 3% discount rate and the 
assumption that water resources in this area have been injured since 1981 and will continue to be 
injured into the relevant planning future, we can calculate the net present discounted quantity of 
groundwater resources injured. This quantity is often referred to as the REA Debit. For the 
annual injury presented at the end of Section 2.2.2, the debit estimate is 234,939 acre-foot years 
(AFY). 

2.2.3.1 Restoration Cost Approach 

The restoration cost approach identifies representative restoration projects that could be 
undertaken to restore natural resources similar to those injured from the release. The cost to 
undertake a sufficient scale of projects to offset the debit is the basis of the restoration cost 
damage claim.  

One set of restoration projects evaluated is the reduction or removal of sources of 
surface/groundwater contamination in nearby aquifers. These projects include activities such as 
isolation of upslope tailing piles to reduce acid mine drainage (AMD) loadings, creation of 
treatment wetlands to eliminate AMD, and/or sealing of leaking tunnels and diversion of flow for 
treatment. A brief description of the representative projects is provided in Table 2-3. We assume 
that each of the projects would improve water quality such that water quality standards are no 
longer exceeded. This is assumed to be equivalent to a 100% improvement in water resource 
services. 

The benefits to natural resources from implementation of representative restoration 
projects are referred to as REA credits. Restoration credits can be calculated based on when 
projects begin to provide benefits and the degree of benefits provided by each project. For 
purposes of this PED we assume that the restoration projects are initiated in 2008, become fully 
effective in 2010, and provide benefits into the foreseeable planning future. Based on these 
assumptions, improving water quality to one acre-foot of water annually is equivalent to 
providing 30 present value AFY over the lifetime of the restoration project. For each of the 
representative restoration projects, Table 2-4 shows the estimated restoration credit generated.  

Project costs are based on estimates of engineering costs from similar local projects 
including a standard contingency of 25% of the initial engineering cost. In addition to the project 
engineering cost, the Trustees have included oversight and administration costs, calculated as 
40% of initial engineering cost. For each of the representative restoration projects, Table 2-4 
shows the estimated project costs per AF of credit generated. The average cost per AF of credit is 
calculated to be $2,755. 

Using the best estimate of injury debits, restoration credits, and average project costs, the 
estimated restoration-based measure of damages to California Gulch water resources is $21.8 
million. Table 2-4 presents a summary of the restoration cost damage calculations. 
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Table 2-2 
Range of groundwater flux calculations for California Gulch near Malta. Flux (Q) is based on the following equation: 

Q = KiA, where K = hydraulic conductivity, i = hydraulic gradient, and A = cross-sectional area = width (W) x depth (D) 
Estimate 

Low 

Medium

High

K (ft/d) i (ft/ft) W (ft) D (ft) Q 

6.57 
(Golder, p.3-15) 

0.019 
(Golder, Table 3.1-1) 

150 
(USGS aerial photo) 

25 
(RMC, 2001) 

470 ft3/d 
3.94 ac-ft/yr 

 412 
(Golder, Table 3.1-1) 

0.03 
(Golder, Table 3.1-1) 

300 
(USGS aerial photo) 

50 
(Eng.-Sciences., 1986; 

TetraTech, 2004) 

185,400 ft3/d 
1,554 ac-ft/yr 

 1,100 
(Golder, Table 3.1-1) 

0.05 
(Golder, Table 3.1-1) 

600 
(USGS aerial photo) 

150 
(Pivonka & Wireman 2004; 

TetraTech, 2004) 

4,950,000 ft3/d 
41,479 ac-ft/yr 
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Table 2-3 
Representative Restoration Projects, Estimated Benefits (AF/yr), and Cost ($/AF) 

Project Project Costs Benefit 
(cfs) 

Benefit 
(AF/yr) 

Cost/AF 

L. Griffith waste rock isolation: Low cost and lower estimate 
for flow(1) 

$330,000 0.3 217 $1,520 

L. Griffith waste rock isolation: Low cost and higher estimate 
for flow(1) 

$330,000 0.5 362 $912 

L. Griffith waste rock isolation: High cost and lower estimate 
for flow(1) 

$660,000 0.3 217 $3,039 

L. Griffith waste rock isolation: High cost and higher estimate 
for flow(1) 

$660,000 0.5 362 $1,824 

Tiger Shaft waste rock isolation: Low cost(2) $330,000 0.4 290 $1,140 
Tiger Shaft waste rock isolation: High cost(2) $660,000 0.4 290 $2,279 
Dinero tunnel investigation and sealing: Low cost (3) $495,000 0.1 72 $6,838 
Dinero tunnel investigation and sealing: High cost(3) $660,000 0.1 72 $9,118 
Lower Colorado Gulch treatment wetlands – Low cost(4) $330,000 1.3 941 $351 
Lower Colorado Gulch treatment wetlands – High cost(4) $495,000 1.3 941 $526 

Average $2,755 
Project Information Sources: 
(1) Cost: Jim Herron, Colorado Division of Minerals and Geology. Flux of 0.3 – 0.5 cfs represents a range of 
average low-flow conditions from USGS surface water data for St. Kevins Gulch for 1993 – 1996 
(2) Cost: Jim Herron, Colorado Division of Minerals and Geology. Flux of 0.4 cfs represents high-flow conditions 
for the East Fork of the Little Frying Pan; no flow occurs under low-flow conditions (Thompson, 2005) 
(3) Cost and Flux: Jim Herron, Colorado Division of Minerals and Geology and Dan Grenard, Bureau of Land 
Management 
(4) Cost and Flux: Karmen King, Aquatox, Inc. 

Table 2-4 
Summary of Restoration Based Damages: California Gulch 

Debit 
Credit/AF of 
Restoration 

AFY Necessary for 
Full Compensation Cost/AF 

Damage 
Estimate 
($million) 

234,939 AFY 29.7 7,912 $2,755 $21.8 

2.2.3.2 Market Value Approach 

An alternative approach to estimate damages for water resource injuries in California 
Gulch is to use the market value approach. The market value approach relies on the fact that for 
some natural resources, such as water in the western United States, there are reasonably 
competitive markets from which market prices can be developed. The DOI NRDA regulations 
support the use of market value approaches to estimating damages when there is a reasonable 
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competitive market for the natural resource in question.4 Given the high connectivity between 
groundwater and surface water in this area and a demonstrated market for water, this is a 
reasonable alternative approach to estimating natural resource damages.  

For the purposes of this PED, we estimate the market price measure of damages as the 
price of a quantity of water rights equal to the amount of injured water. For each AF of water 
right hypothetically purchased in 2006, that right would produce a net present discounted 
quantity of 32.3 AFY (credit). The market price of water in the region of the California Gulch is 
based on appraisal of surface water rights associated with the Moyer Easement (Sartucci, 2006, 
pg. 39). Table 2-5 reproduces Sartucci’s (2006) table on comparable water right sales in the 
region of California Gulch. 

Table 2-5 
Summary of Comparable Water Right Sales in the Region 

Name 
(Water Source) 

Appropriation 
Dates 

Annual Avg. 
Yield Seller/Buyer Sale Date Sale Price 

¼ Cameron Ditch 
(N. Fork. Arkansas) 

1/10/1868 
6/20/1890 

300 AF William and June Lake/ 
Upper Arkansas Water 
Conservation District 

10/6/04 $600,000 
($2,000/AF) 

85.7% of Tennessee 
Ditch 
(S. Fk. Arkansas) 

4/30/1866 
12/31/1878 

1,749 AF Glen and Julia 
Vandaveer/City of Salida 

6/30/04 $1,200,000 
($686/AF) 

Pioneer Ditch, 
Gas Creek Ditch, 
Willowdale Ditch, 
Pike Ditch,  
Princeton Ditch, 
Pioneer Ditch 2nd,  
and Bowen Ditch 
(Browns Cr.) 

5/17/1866 
4/1/1872 
7/29/1911 
6/9/1890 
3/30/1881 
7/15/1887 
7/15/1907 
3/1/1889 
5/31/1867 
9/24/1888 
12/31/1866 

2,010 AF 
total 

Western Water Rights LP 
(Gary Hill)/ 
Pueblo West Metro Dist. 

6/4/01 $2,600,000 
($1,294/AF) 

Crystal Lake Ditch 
Empire Cr. Ditch 

12/31/1871 
12/31/1876 
12/31/1883 
12/31/1881 

2,056 AF 
total 

Moyer Family 9/21/06 ----- 

The actual value of water rights depends on the seniority of the right, location of the right, 
and estimated quantity of consumptive use available in the right. Based on the appraisal of the 
Moyer property and taking into account location and seniority, Sartucci estimates that the value of 
secure consumptive irrigation water rights is best set at approximately $2,600/AF of average annual 
yield. For purposes of this PED, we use an estimated value of $2,600/AF of permanent senior 
water right. Table 2-6 summarizes calculated damages for California Gulch water. Based on the 
cost of comparable water rights,  damages are $18.7 million. 

4 Under the DOI regulations, valuation methodologies can be used to calculate “compensable values” for 
interim lost public uses. Valuation methodologies include several economic methods such as marketed 
methodologies (e.g., market price and/or appraisal) [43 CFR §11.83]. 
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Table 2-6 
Summary of Market Price Damages 

Debit 

Credit/AF of 
Water Right 
Purchased 

AFY Necessary for 
Full Compensation Cost/AF 

Damage 
Estimate 
($million) 

234,939 AFY 32.6 7,207 $2,600 $18.7 

2.2.4 Summary of California Gulch Damage Calculations 

Table 2-7 presents a summary the California Gulch damage calculations. 

Table 2-7 
Summary of Natural Resource Damages: California Gulch 

Resource Category Damage Estimates ($million) 
Restoration Cost Method $21.8 
Market Price Method $18.7 

2.3 ARKANSAS RIVER: 11-MILE REACH 

The SCR separates the 11-mile reach into multiple sub-reaches, based on river 
geomorphology and hydrology. This convention is maintained in the PED. As shown in Figure 
2-1, sub-reaches associated with the 11-mile reach include: 

a)	 Reach 0 (reference area used for comparison to Reaches 1-4)5 - confluence of 
Tennessee Creek and East Fork Arkansas River to County Road 300 upstream of 
California Gulch confluence [2.8 river miles (RM)]; 

b)	 Reach 1 - California Gulch confluence downstream to Lake Fork confluence (1.6 
RM); 

c)	 Reach 2 - Lake Fork confluence to Highway 24 Bridge (3.3 RM); 

d)	 Reach 3 - Downstream of Highway 24 Bridge to narrows near Kobe (3.5 RM); 
and 

5 In the SCR, a portion of the UARB drainage upstream of the 11-mile reach (Reach 0) is used as a 
"control" area for establishing baseline conditions within the 11-mile reach, although metals levels in the reach have 
been affected by mining-related contamination and historically have exceeded chronic toxicity levels. Reach 0 
metals levels have declined significantly since remediation of the Leadville Mine Drainage Tunnel began in 1992, 
and biological conditions have shown dramatic improvement. The results of a large-scale monitoring program 
conducted by USEPA (Clements et al. 1999) indicate that benthic communities and overall water quality within 
Reach 0 are similar to other Colorado streams (SCR 2002, p. 1-5). 
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e) Reach 4 - Downstream of narrows near Kobe to Two Bit Gulch (1.6 RM) (SCR, 
1-24). 

Figure 2-1 

Source: SCR 2002. 
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2.3.1 Evidence of Injury 

Multiple lines of evidence indicate injuries related to releases of hazardous substances 
due to mining activities, including impairment of habitat, forage and other ecological services 
provided by surface waters (and associated bed, bank and shoreline sediments) in the 11-mile 
reach of the Upper Arkansas River. These potential injuries arise from discharges of mine-waste 
and waters with elevated metals concentrations from California Gulch and other tributary 
drainages (see, for example SCR 2002, p. 3-1).  The primary source of metals contamination in 
the 11-mile reach continues to be the inflow of surface water from California Gulch (SCR 2002, 
p. 3-1; CDOW 2006, p. 5). 

The Site Characterization Report (SCR 2002) compiles and evaluates data available 
through 2001, and is the primary source of information cited in this subsection. Key findings are 
summarized below. More detailed information can be found in the SCR. 

2.3.1.1 Water Quality (Ecological Use) 

Tables 2-8 and 2-9 summarize documented exceedances in the 11-mile reach of water 
quality criteria established by the State of Colorado for the protection of aquatic life.6  Table 2-8 
presents data from June 1981 through February 1992 (referred to as "Period 2"); Table 2-9 
presents data from February 1992 through September 2001 (referred to as "Period 3").  As shown 
in these tables, numerous exceedances of acute and chronic water quality criteria have been 
documented in Reaches 1, 2, and 3 throughout the 1981-2001 period, during high and low flow 
conditions, for several metals (cadmium, copper, lead and zinc). Metals contamination data are 
not available for Reach 4.  More recent data through 2005 indicate continued exceedances of 
chronic thresholds for both zinc and cadmium in Reaches 1 to 3 (Figure 2-2, from CDOW 2006).  
Reach 4 is expected to have similar water quality to Reach 3. Although there are two tributaries 
to Reach 4, neither is expected to dramatically influence water quality (SCR 2002, Chapter 3 
Matrix Summary p. 6).  The water quality data indicate that the Upper Arkansas River in 
Reaches 1 through 4 exceeds applicable standards for the protection of aquatic life (as 
determined through Colorado's basic standards for surface waters), and thus represents an injury 
to aquatic resources. 

6 For more information see the Colorado Table Value Standards (TVSs) from Colorado's Regulation No. 
31, Basic Standards and Methodologies for Surface Waters (5 CCR 1002-31). TVS levels are not to be exceeded 
more than once every three years on the average for both acute and chronic concentration thresholds. 
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Figure 2-2 
Mean Measured Dissolved Zinc and Cadmium Concentrations and Hardness-based Chronic Standards in the 

Arkansas River during Spring Run-off 1994-2005. 
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2.3.1.2 Benthic Communities 

Benthic community species richness, abundance, and function, as they support Upper 
Arkansas River Basin ecology, have been injured throughout the 11-mile reach. Results of 
microcosm experiments show that, as of 2001, aqueous metal levels were sufficient to cause 
significant mortality to most macroinvertebrate taxa in Reaches 1, 2 and 3 (SCR 2002, Chapter 3 
Matrix Summary pp. 31-34). Metal-sensitive taxa present in Reach 0 (reference area) 
populations are absent in the benthic communities below California Gulch, replaced by more 
metal tolerant types such as chironomids (midges), and caddisflies (SCR 2002, p. 3-45). For 
example, large reductions in the abundance of mayflies (particularly the metal-sensitive 
Heptageniid family) were observed in all three reaches. Sediments collected from Reaches 1 and 
3 were found to have a significant, adverse effect on the growth and survivorship of 
chironomids. In addition, metal levels were greatly elevated in periphyton collected from these 
reaches (SCR 2002, Chapter 3 Matrix Summary pp. 31-34). Although exposure to metals in 
water is important for some groups, metals in periphyton, a food source for benthic 
macroinvertebrates, have been and may continue to be a major route of exposure for many taxa 
(SCR 2002, p. 3-22). 

The data underlying these findings generally were collected between the late 1980s and 
the late 1990s. Data availability is greatest for Reaches 1 and 3. More limited data are available 
for Reach 2; benthic macroinvertebrate data are unavailable for Reach 4. However, based on 
metals levels measured in Reach 4 and results of microcosm experiments, it is likely that benthic 
communities in that reach are injured (SCR 2002, Chapter 3 Matrix Summary p. 34). 
Invertebrate studies from 2000-2004 (at least one site each from Reaches 0-3) indicate that 
sensitive subpopulations (i.e. Heptageniidae) remain depressed in Reaches 1-3, relative to sites 
above California Gulch.  However, the overall number of Ephemeroptera taxa in Reach 1 has 
increased since 2000 for spring sampling events, and numbers of EPT taxa are similar at all 
Arkansas River sites.7  Macroinvertebrate density is more variable from year to year, particularly 
for spring sampling, at Reaches 1-3 versus sites above California Gulch (Chadwick 2005).     

The benthic invertebrate community in the Upper Arkansas River is potentially injured, 
as indicated by historical and current reductions in abundance and biomass.  These potential 
injuries to the benthic invertebrate community, as shown by decreased populations, also indicate 
decreased food availability, and therefore reduced population health, for brown trout.   

2.3.1.3 Fish 

Several lines of evidence confirm that fish have been injured as a result of releases of 
hazardous substances.  According to toxicity studies performed by the Colorado Division of 
Wildlife, and confirmed by EPA scientists, aqueous metal concentrations have historically been 
sufficient to cause acute toxic effects to brown trout in Reaches 1-4. Through the 1990s, large 
reductions in mean abundance (40 to 80 percent reduction, 70 percent average) and biomass (20 

7 EPT refers to Ephemeroptera, Plecoptera, and Trichoptera, a taxa richness metric used to measure stream 
water quality that is included in EPA's rapid bioassessment protocols. 
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to 80 percent reduction, 50 percent average) were observed in all four Reaches (compared to 
Reach 0) across all sampling events (SCR 2002, Chapter 3 Summary Matrix).  Improvements in 
brown trout have been noted since 2002 (Chadwick 2005).  Data collected during fall sampling 
events from 2001 to 2004 indicate that abundance and density of brown trout are similar above 
and below California Gulch. However, length-frequency relationships continue to differ at 
stations above and below California Gulch.  Since the 1990s, the percentage of smaller fish at 
stations below California Gulch has increased significantly, while the overall total number of fish 
has also increased. 

2.3.1.4 Aquatic-dependent Birds 

Aquatic-dependent birds in the Upper Arkansas River feed on macroinvertebrates in their 
larval or emergent stages, and are therefore exposed to dietary metals concentrations similar to 
those to which fish are exposed. American dippers (Cinclus mexicanus) and tree swallows 
(Tachycineta bicolor) in the 11-mile reach were studied as suitable indicator avian species to 
evaluate potential injuries associated with metals exposure. American dippers feed primarily on 
insects by diving into a stream, walking along the bottom and scavenging invertebrates from 
rocks and other substrate. Tree swallows forage on emerging aquatic insects, and nest in cavities 
along the Arkansas River (SCR 2002, pp. 2-15, 2-16 and 2-25). Sampling for the bird studies 
was conducted in Reaches 2 and 3. 

Tree swallow nest success in Reach 2 was lower than nationwide averages, significantly 
less than nest success in Reach 0, and the lowest of any colony sampled on the Arkansas River. 
Average blood lead in American dippers from Reach 3 exceeded literature-based benchmarks 
and was significantly higher than in Reach 0. ALAD in American dippers and tree swallows was 
significantly reduced (by 67% for American dippers and 39% for tree swallows in Reach 3, and 
by less than 50% for both species in Reach 2) compared to study references (from the Poudre 
River) (SCR 2002, pp. 3-36, 3-37, 3-47 and 3-48).8 

The data underlying these findings generally were collected during the late 1990s and 
into early 2000. Although dipper and swallow data were not collected from Reaches 1 and 4, 
injuries likely are present. Exposure in Reach 4 is expected to be similar to Reaches 3 and 5. 
Invertebrate and dipper blood samples from Reach 5 have similar metal concentrations as Reach 
3 and cadmium, copper, lead and zinc in dipper blood from Reach 5 are in the same range as 
Reach 3. Liver cadmium and lead increase slightly from Reach 3 to Reach 5. With respect to 
Reach 1, metals concentrations are elevated in water, invertebrates, and sediments compared to 
Reach 0 and most downstream reaches. Because dipper and swallow injuries were documented 
in downstream reaches where exposure concentrations were lower, and because birds move 
between reaches, injuries are expected in Reach 1 (SCR 2002, pp. 3-25 and 3-52). 

8 Aminolevulinic acid dehytratase (ALAD) is an enzyme involved in formation of hemoglobin; ALAD 
suppression (by more than 50%) is defined by DOI natural resource damage regulations to be an injury. 11-mile 
reach tree swallow and American Dipper ALAD data were compared to Reach 0, but were not found to be 
significantly different. This may be due to low-level lead exposure in Reach 0 (SCR 2002, p. 3-48). 
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2.3.1.5 Human Use 

Surface water from the 11-mile reach has been used in the post-1980 period for irrigation 
purposes; potential injuries associated with the use of metals-contaminated irrigation water are 
addressed in Chapter 3. Some water right holders abandoned diversion points along California 
Gulch and downstream of its confluence with the Arkansas River due to releases of hazardous 
substances from the NPL site. Access limitations have historically limited recreational 
opportunities (e.g., fishing, boating) in the 11-mile reach, although increased accessibility in 
recent years may increase the potential for such uses. The preliminary estimate of surface water 
damages is based on costs of restoration projects rather than value of lost agricultural, 
recreational and other human use services.  The Trustees may undertake additional analysis of 
such lost services in the future. 

2.3.2 Eleven Mile Reach Preliminary Estimate of Damages 

For PED purposes, the potential magnitude of damages is assessed through development 
of preliminary estimates of the cost of restoration projects potentially appropriate to offset the 
resource service injuries observed in the 11-mile reach. Restoration project costs are a measure 
of natural resource damages required by relevant regulations.9 In this case, as noted above, 
readily available information indicates that contamination in the 11-mile reach has resulted in 
exceedances of table value standards, reduced density and biomass of fish, and injuries to 
macroinvertebrates and migratory birds. Instream habitat enhancement and bank stabilization 
projects, within the Arkansas River and other streams, can increase the river’s capacity to 
support such communities by reducing river bank erosion, improving channel configuration and 
increasing the amount, diversity, and quality of aquatic and riparian habitat, thereby providing 
benefits similar in type to services lost.  Benefits include increased populations of 
uncontaminated benthic invertebrates and healthy populations of fish and migratory birds that 
feed on them.10 Such projects have been undertaken in many Colorado streams, are compatible 
with natural river processes, have a high likelihood of success, and are reasonable in cost.  

Several pieces of information are needed to develop a preliminary estimate of the 
magnitude of restoration costs required to offset documented injuries. Specifically, judgments 
must be made about the severity and duration of injury, the timing, degree and duration of 
ecological service enhancement expected from restoration, and the unit costs of restoration. With 
such inputs, habitat equivalency analysis (HEA) can be applied to estimate project scale, which 
in turn can be used to estimate total project costs.11 

9  See 43 CFR 11.81 – 82. 
10 Project size, location, duration and/or other parameters can be adjusted as needed to reasonably match the 

value of restored and injured services. 

11 Habitat equivalency analysis, first introduced by Unsworth and Bishop ("Assessing Natural Resource 
Damages using Environmental Annuities" Ecological Economics, 11: 35-41, 1994), provides a quantitative 
approach for determining the scale of appropriate compensatory actions that relies on discounting to balance past 
and future service losses and gains.  The HEA methodology is widely used in natural resource damage assessment. 
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Consistent with the objectives of this PED, the Trustees have implemented two HEA 
approaches to provide a robust assessment of the approximate magnitude of potential restoration 
scale (and cost). The first (HEA Injury Approach 1) derives quantitative loss estimates through 
evaluation of direct injury to brown trout as well as behavioral avoidance of otherwise suitable 
habitat. The second (HEA Injury Approach 2) is derived from the frequency and magnitude of 
exceedences of TVSs, using data provided in the SCR. More detailed analysis and/or alternative 
approaches may be undertaken as part of future assessment activities. 

2.3.2.1 HEA Injury Approach 1 - Direct Injury to Brown Trout and Behavioral Avoidance 

The aquatic HEA for the first injury approach included two components: direct injury to 
brown trout (based on brown trout fry mortality, brown trout population reduction, and mayfly 
reduction), and injury to brown trout through behavioral avoidance of otherwise suitable habitat. 
Review of readily available water quality data provided evidence of aquatic injury throughout 
the 11-mile reach.  

2.3.2.2 Service Loss Based on Direct Injuries to Brown Trout 

For this component of the HEA the 11-mile reach ecological service levels were based on 
a combined metric of predicted brown trout fry mortality, reductions in brown trout density 
compared to reference (baseline) locations, and reductions in mayfly abundance compared to 
reference (baseline) locations. These metrics were combined as follows: Aquatic trout fry 
mortality was assigned 50% of total aquatic services. The remaining 50% of aquatic services 
were comprised of mayfly abundance, which was given a 33% weighting factor, and brown trout 
density, which was given a 67% weighting factor.12 

Trout fry mortality is dependent on water quality, particularly during spring/early 
summer high-flow conditions (May-July) when metals concentrations in the Arkansas tend to be 
highest. Available water quality data for the Arkansas River for May-July from 1981 to 2005 
were used to estimate annual trout fry mortality based on acute toxicity tests for brown trout fry 
exposed to zinc or cadmium (CDOW, 2006). The maximum predicted mortality for zinc or 
cadmium was used as the estimate of trout fry mortality for a particular year because the 
maximum mortality for the year is what determines the proportion of the trout fry population 
able to survive and potentially develop into adult brown trout. For example, in a year where the 
concentration of zinc or cadmium is high enough at some point during the spring to kill all of the 
trout fry (100% predicted mortality), there would be no recruitment of trout into the adult 
population at that location. Calculations of predicted trout fry mortality were based on equations 
developed by Steve Brinkman (CDOW, 2006). Figure 2-3 shows predicted trout fry mortality as 
a function of the zinc hazard quotient, based on the equation:  

Mortality fraction = 0.022 + (0.978 H NORMSDIST(-1.567 + 1.462 H (LN(HQ)))) (1) 

12 Total aquatic services therefore were calculated as follows: 0.5 (trout fry mortality) + 0.5 [0.33 (mayfly 
abundance) + 0.67 (brown trout density)]. 
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The mortality fraction is the proportion of the trout fry population predicted to be killed 
at a given concentration of zinc and hardness. This is the value used as an input to the service 
loss equations. 

The hazard quotient (HQ) is defined using the equation: 

Zn HQ = C(h)/LC50(h) (2) 

where C(h) is measured Zn concentration at hardness h, and LC50(h) is the estimated 
LC50 at hardness h. In general, a hazard quotient is defined as the concentration of a 
substance, divided by a toxicity threshold for that substance. 

The estimated LC50 is defined using the equation for the 96 hr Zn: 

LC50 = e (0.9634 H (ln(hardness)) + 2.679)  (3) 

For cadmium, predicted trout fry mortality is defined using the equation:  

Mortality fraction = 1 + e(-2.4011 H HQ – 5.067) (4) 

where the HQ is defined using the equation:  

Cd HQ = C(h)/Acute Cd threshold (h)  (5) 

where C(h) is measured Cd concentration at hardness h, and the acute Cd threshold is 
defined using the equation: 

Acute Cd threshold = e (1.258 H (ln(hardness)) – 4.692) (6) 

Trout fry mortality levels were averaged for the periods 1993-1999 and 2000-2005 to 
reduce interannual variability and create an averaged or “smoothed” input to the service loss 
equations. Separate averages were calculated for 1993 – 1999 and 2000 – 2005 so that the 
service loss calculations would reflect potential changes in brown trout service loss resulting 
from the ongoing remedial work. For the period 1981-1992 (which corresponds to the time 
before extensive remediation efforts began), water quality data were more limited. An 
examination of the available data revealed that concentrations of zinc and cadmium during pre
remediation years from 1981-1992 appeared to be approximately 50% higher than concentrations 
after 1993. Therefore, concentrations of zinc and cadmium from available water quality data 
from 1994-1998 were increased by 50% to estimate trout fry mortality for the period from 1981
1992. For future service loss, ongoing remedial work was assumed to result in a 20% 
improvement in water quality for the period from 2006-2011 and an additional 10% 
improvement in water quality for the period from 2012-2107. 
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Figure 2-3. Relationship between brown trout fry mortality and hazard quotient for zinc. 
Source: Steve Brinkman, Colorado DOW, personal communication 

For the biological metrics, service loss was estimated based on reductions in mayfly 
abundance and adult brown trout density compared to reference conditions just upstream of the 
confluence with California Gulch. Data for mayfly abundance are from Chadwick Ecological 
Consultants (2003, 2004). Data for adult brown trout density are from Chadwick Ecological 
Consultants (2003, 2004) and additional unpublished data from the CDOW. Again because of 
interannual variability, rounded averages were used for the periods 1993-1999 and 2000-2005 as 
inputs into the service loss equations. A similar 50% increase in the biology service loss function 
for the period 1981-1992 was applied to match the higher concentrations of zinc and cadmium 
during that period. For the period from 2006-2011 and for the period 2012-2107, biological 
recovery was assumed to improve at the same rate as the estimated water quality improvements. 

The maximum calculated service loss for the 11-mile reach was 90% for the section 
closest to California Gulch (Reach 2 as defined in the SCR), during the period from 1981-1992. 
Service loss declined over time and with distance downstream. The lowest service loss for the 
downstream portion of the 11-mile reach (Reach 4) in 2107 was 22%. 

2.3.2.3 Service Loss Based on Brown Trout Behavioral Avoidance 

Brown trout behavioral avoidance injury was based on studies demonstrating that brown 
trout will avoid Zn when concentrations exceed certain threshold levels. Because behavioral 
avoidance may reduce the numbers of trout that occupy otherwise viable habitat in the Arkansas 
River, we assumed that the ecological consequence of avoidance responses is to reduce the 
carrying capacity of the available habitat for trout. An avoidance threshold of 50 µg Zn/L was 
used based on Woodward et al. (1997) with the assumption of a constant level of 50% avoidance 
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when concentrations exceed the threshold. The degree of ecological impact was estimated to be 
between 1% and 10% of carrying capacity. To account for this range, three scenarios of reduced 
trout carrying capacity were modeled: 1%, 5%, 10%. Applying the 50% avoidance effect to these 
scenarios results in a total avoidance service loss range of 0.5%, 2.5%, and 5% service loss 
(calculated by multiplying the 50% trout avoidance incidence by the degree of reduced trout 
carrying capacity). Calculations were limited to the months of September and October when 
brown trout would move from tributaries to the main stem of the Arkansas River.  

This analysis indicated that avoidance service losses occurred during the period 1981
2107 for Reach 2 and Reach 3 (as defined by the SCR). For Reach 4, avoidance service losses 
occurred for the period 1981-2004 only. 

2.3.2.4 Results of HEA Injury Approach 1 Calculations 

The service loss calculations discussed above were used as inputs into a HEA model with 
a base year of 2006 and a 3% discount rate to calculate the total discounted service acre-years 
(DSAYs) lost as a result of the aquatic injuries. A summary of service loss values for the 
different time periods and segments of the 11-mile reach is provided in Table 2-10. Total DSAYs 
for injuries in the 11-mile reach ranged from 2,950 – 3,200 depending on the assumptions used 
for behavioral avoidance service loss (Table 2-11). 

Table 2-10 
Estimated Ecological Service Losses in the 11-Mile Reach of the Arkansas River

Area Acres 
 Percent Service Loss 

1981 - 1992 1993 - 1999 2000 – 2005a 

Reach 1 10.5 95% 70% 35% 
Reach 2 36.8 69% 52% 23% 
Reaches 3 and 4 57.3 84% 57% 38% 
a. For 2006 – 2011, aquatic services were assumed to improve by 20%; For 2012 – 2107, aquatic services were 
assumed to improve by an additional 10%. 

Table 2-11 
Quantified Injuries in the 11-Mile Reach of the Arkansas River

Area Acres 
 DSAYsa 

Direct Injury Behavioral Avoidance Total (rounded) 
11-mile reach 104.6 2,920 28-277 2,950-3,200 
a. DSAY = discounted service acre-year. 

2.3.2.5 HEA Injury Approach 2 - Exceedances of TVS Standards 

The second HEA injury quantification approach was based on the frequency and 
magnitude of water quality exceedances of TVSs.  The data for each reach for Periods 2 and 3, as 
well as chronic and acute thresholds based on average measured hardness, were obtained from 
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the SCR.13  For Period 4, the CDOW report, which includes chronic thresholds, was used to 
estimate injury. For future service loss, ongoing remedial work was assumed to result in a 20% 
improvement in water quality for the period from 2006-2011 and an additional 10% 
improvement in water quality for the period from 2012-2107. 

To quantify injury, the frequency of exceedance and hazard quotient was calculated for 
each analyte, reach, and period based on the appropriate hardness-based TVS.  For reaches with 
exceedances of a single contaminant, service losses due to acute injuries were assigned using the 
following algorithm in combination with the values in Table 2-12: 

Acute Injury = (Frequency of acute TVS exceedance)*(Service Loss for average HQ) (7) 

We assign 50 percent service loss for acute threshold exceedances with an average HQ of 
between 1 and 2, to reflect the fact that acute TVSs are based on LC50s for sensitive aquatic 
species, of which there are several in the Upper Arkansas River.  This value is generally 
consistent with the expectation of a serious impact to the aquatic system.  Service loss is 
increased to 75 percent when the average acute HQ is between 2 and 3, to 90 percent when the 
average acute HQ is between 3 and 5, and to 100 percent when the average acute HQ is greater 
than 5, which  reflects the increasing loss as magnitude of exceedance increases.  Service loss 
estimates are multiplied by the percent of samples which exceed the acute TVS to adjust for 
frequency of exceedance.  Because the frequency of exceedance can reflect spatial and or 
temporal variability within a reach, we adopt the conservative approach of multiplying service 
loss by frequency. In fact, low exceedance frequencies can be associated with high levels of 
service loss, because of the substantial long-lasting effects that can be associated with even a 
single exceedance. 

Table 2-12 
Relationship Between Acute Hazard Quotient and Ecological Service Loss 

Acute HQ Ecological Service Loss 
HQ < 1 0 

1 # HQ 2 50% 
2 # HQ <3 75% 
3 # HQ < 5 90% 

5 # HQ 100% 

In reaches where there are exceedances of multiple contaminants, we follow the same 
process, but sum the HQs for the different metals based on relative frequency.  Metals are 
assumed to have an additive toxic effect in biota.  We assume that the exceedances of different 
metals are correlated within samples (i.e. that samples with an acute TVS exceedance for one 
metal are more likely to have acute TVS exceedances for other metals) so the HQ is summed for 
the metals present in that percent of the samples.14  This is a conservative calculation which 

13 As a visual demonstration of the exceedances, Appendix 1 presents the water quality results and average-
hardness-corrected chronic and acute thresholds for Period 2. These present the same data as Tables 2-8 and 2-14. 

14 For illustrative purposes, consider a reach which has 4% Cd exceedance with an average HQ of 1.2 and 
9% Zn exceedance with an average HQ of 2.5.  We assume that in 4% of the samples both Cd and Zn acute TVS are 
exceeded, with an average HQ of 3.7 (sum of Zn and Cd HQs), and that in 5% of samples (9% - 4%) only the Zn 
acute TVS is exceeded, with an average HQ of 2.5. 
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assumes that the aquatic injury occurs in the minimum number of samples.  The percentage of 
samples associated with each HQ are multiplied by the appropriate service loss from Table 2-12 
and summed to give an acute service loss for the reach and period.   

The effects of chronic exceedances of the TVS are also considered.  Chronic effects may 
manifest as delayed growth and reproduction, low recruitment, or other population-dampening 
effects. Exceedances of the chronic TVS for a particular metal (an HQ ≥ 1) are estimated to 
cause a 25 percent service loss.  This loss is calculated for the percentage of samples in a reach 
that are above chronic thresholds but below acute thresholds (an adjusted chronic exceedance 
frequency). As with the acute injury, threshold exceedances for different metals are presumed to 
be correlated. Therefore, since the service loss for all chronic HQs above 1, the highest 
percentage of samples with an adjusted chronic exceedance is multiplied by the 25 percent 
service loss to give a chronic service loss for the reach and period.   

Total service loss for each reach and period is calculated as the sum of acute and chronic 
service losses. For future service loss, ongoing remedial work was assumed to result in a 20% 
improvement in water quality for the period from 2006-2011 and an additional 10% 
improvement in water quality for the period from 2012-2107.  Service levels are likewise 
presumed to increase by 20% from 2006-2011 and by an additional 10% from 2012-2107, or 
until 100% service levels are obtained. 

2.3.2.6 Results of HEA Injury Approach 2 Calculations 

The service loss calculations discussed above were used as inputs into a HEA model with 
a base year of 2006 and a 3% discount rate to calculate the total discounted service acre-years 
(DSAYs) lost as a result of the aquatic injuries. A summary of service loss values for the 
different time periods and segments of the 11-mile reach (Reaches 1 – 4) is provided in Table 2
13. Total DSAYs for injuries for this area are 3,800 DSAYs, including both chronic and acute 
injuries (Table 2-13). 

Table 2-13 
Approach 2:  Estimated Ecological Service Losses in the 11-Mile Reach of the Arkansas River 

Area Percent Service Loss 
Acres 1981 - 1992 1993 - 1999 2000 – 2005a DSAYs (rounded) 

Reach 1 10.5 85% 82% 62% 500 
Reach 2 36.8 92% 80% 60% 1,800 
Reaches 3 and 4 57.3 69% 67% 25% 1,500 
Total 104.6 3,800 
a. Services improve linearly between 2000 – 2005 to the listed service loss.  For 2006 – 2011, aquatic services were 
assumed to improve by 20%; For 2012 – 2107, aquatic services were assumed to improve by an additional 10%. 

2.3.2.7 HEA Restoration Calculations 

With respect to restoration project benefits, the Trustees have investigated opportunities 
for physical habitat improvement within the 11-mile reach. In some areas, major restoration 
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(including habitat and geomorphology improvements) likely could substantially improve the 
river's capacity to support ecological communities (potentially on the order of a 70 percent 
increase relative to baseline ecological service levels). In other areas, minor reconstruction 
(including habitat improvements only) likely could result in more moderate benefits (potentially 
on the order of a 45 percent increase relative to baseline). Finally, some areas would not benefit 
from instream habitat enhancement and bank stabilization projects. Throughout the entire 11
mile reach, preliminary damage calculations assume a 40 percent increase in service levels 
relative to baseline capacity.15 While the timing of restoration project implementation is 
unknown, preliminary calculations assume project initiation in 2008, with full benefits achieved 
in 2013 (assuming linear improvement in intervening years), and continuing for 100 years.16 

HEA calculations using the inputs identified above, in combination with the standard 
annual discount rate of three percent used in natural resource damage analyses, indicate that 11
mile reach instream habitat enhancement and bank stabilization projects are not sufficient to 
offset 11-mile reach injuries. More specifically, in present value (2006) terms, restoration 
benefits total approximately 1,170 DSAYs: roughly forty to forty-five percent of the amount 
needed to offset injuries in the 11-mile reach. This result is not surprising given the basic facts of 
the situation: from a natural resource damage perspective, future restoration benefits need to 
offset substantial past loss over the previous 25 years (since 1981), as well as some amount of 
future loss. Natural resource damage regulations require the use of discounting to account for 
differences in the timing of injuries and restoration. As a result, past losses are compounded at a 
three percent annual rate, while future losses and gains are discounted at the same rate. These 
factors combine to result in a substantial restoration requirement needed to offset natural 
resource injuries documented in the past and continuing over multiple decades. As previously 
stated, the purpose of this simplified, preliminary analysis is to develop an initial estimate of the 
approximate magnitude of damages associated with injuries to the 11-mile reach. The analysis 
presented above clearly simplifies complex processes and issues. While there are uncertainties 
inherent in the choice of input variables and values, reasonable variation in these inputs is 
unlikely to alter the basic conclusion: 11-mile reach instream restoration, while beneficial, is 
insufficient to fully offset contamination-related ecological service degradation in this resource.17 

The magnitude of shortfall is potentially on the order of sixty percent of the total requirement.  

While a variety of supplemental restoration approaches could be used to address this 
shortfall, detailed evaluation of the benefits and costs of generating resource service 
improvements at other streams and/or tributaries in the region is beyond the scope of this 
document.  For PED purposes the Trustees make the simplifying assumption that sufficient 

15 The preliminary estimates of potential service improvements discussed in this paragraph assume that 
water quality and other conditions are sufficient to realize expected gains in ecological productivity.  

16 Although project benefits may accrue beyond 100 years, due to the effects of discounting the present 
value of benefits realized beyond 100 years is small. It is also possible that project benefits will be realized for a 
period less than 100 years. 

17 The Trustees have not committed to specific natural resource restoration projects at this time. While 
instream restoration in the 11-mile reach conceptually makes sense to offset injuries sustained to it, and is a 
reasonable focus of PED analyses, additional evaluation of 11-mile reach and other potential projects will occur 
before final project decisions are made. 
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additional instream restoration projects similar in type and per-acre cost to 11-mile reach 
instream restoration are available.  While restoration benefits and costs are likely to vary due to 
site-specific considerations, such a simplified approach provides a reasonable, general 
approximation of total restoration project costs. Cost estimates may be updated in the future to 
reflect additional information about potential restoration benefits and costs associated with other 
streams, as such information becomes available. 

A conceptual, planning-level estimate of the expected costs of 11-mile reach restoration 
is provided in Table 2-14 below. Estimates of the type and number of treatments are based on 
Trustee reconnaissance of the 11-mile reach. Unit cost estimates reflect the underlying cost of 
machinery, labor and raw materials needed to place treatments, based on Trustee experience with 
similar restoration projects at other sites. Inclusion of a 35 percent materials cost contingency is 
reasonable at this preliminary costing stage. Project design and management estimates are 
consistent with EPA experience at the California Gulch Superfund Site. Because project benefits 
are assumed to accrue over a 100 year period, a modest annual monitoring and maintenance 
budget of $15,000 (less than 0.5% of project design, management and construction) is included 
throughout the period to help ensure continued, maximized project performance over time. 
During the five-year construction phase, an annual oversight budget of $15,000 is included. 

Table 2-14 
Preliminary Estimate of 11-Mile Reach Restoration Project Costs 

Treatment Unit Cost Number of Units Total Cost 
Boulder cluster $768 404 $310,272 
Boulder vane $836 183 $152,988 
Cross vane $2,954 15 $44,310 
Half cross vane $1,477 13 $19,201 
Excavate pool $1,056 149 $157,344 
J-hook $2,485 77 $191,345 
Log vane $1,297 19 $24,643 
Random boulder $209 104 $21,736 
Root wad $823 55 $45,265 
Single boulder deflector $318 100 $31,800 
Riparian bench $3.15/sq ft 14,890 sq ft $46,904 
Willow planting $1.72/sq ft 1,178 sq ft $2,026 
Cobble placement $70/cu yd 13,086 cu yd $916,020 

Materials Cost Subtotal $1,963,854 
Materials Cost Contingency (35%) $687,349 

Total Materials Cost $2,651,203 

Project Design (8%) $212,096 
Project Management (5%) $132,560 

Construction Management (6%) $159,072 
Total Design and Management Cost $503,728 

Present Value (3% interest rate) of Annual Monitoring & Maintenance Expense ($15,000 
annually throughout assumed 100 year project benefit period) 

$473,984 

Present Value (3% interest rate) of Construction Oversight by State  
($15,000 annually through 5 year construction beginning in 2008) 

$66,695 

Total Project Cost $3,695,610 
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As indicated in Table 2-14, 11-mile reach restoration is expected to cost approximately 
$3.7 million. Based on a comparison of service loss and projected service gains, this project 
provides between 37 and 40 percent (depending on the avoidance scenario used) of the estimated 
ecological compensation required to fully offset contamination-related ecological service 
degradation in this resource, as calculated in Approach 1.  Additional projects are assumed to 
have a similar scope and cost to the 11-mile reach restoration.  This implies a total restoration 
cost on the order of $9.3 to $10.1 million to fully offset post-1981 natural resource service 
impairment in the 11-mile reach.  Using Approach 2, the 11-mile reach restoration would 
provide approximately 31 percent of the estimated ecological compensation required to fully 
offset contamination-related ecological service degradation in this resource.  Given the same 
calculations as with Approach 1, this results in a total restoration cost on the order of $12.1 
million for Approach 2. 

2.4 UPPER ARKANSAS RIVER: DOWNSTREAM OF 11-MILE REACH 

The "downstream" section of the Upper Arkansas River, defined as the 500-year 
floodplain from downstream of the 11-mile reach at Two Bit Gulch to, and including, Pueblo 
Reservoir. As shown in Figure 2-4, six sub-reaches are defined within the downstream section: 

a)	 Reach 5 - Confluence of Two-Bit Gulch to confluence of Lake Creek (2.2 RM); 
Reach 5 extends from the confluence of Two-Bit Gulch, which is the downstream 
limit of the 11-mile reach, to the confluence of Lake Creek.  Lake Creek delivers 
a large amount of trans-basin water to the Arkansas River. The river in Reach 5 is 
in a narrow valley that is flanked by high terraces. 

b)	 Reach 6 - Lake Creek to junction of Chalk Creek at the upstream extent of 
Browns Canyon (29.5 RM); The upstream limit of this reach is determined by the 
large discharge contributions from Lake Creek, and the downstream limit is based 
upon the geomorphic change from open valley with terraces to a canyon.  From 
the Lake Creek confluence to Princeton (Harvard Lakes quadrangle), the river is 
in a canyon, but from Princeton to Chalk Creek, it flows in an open valley with 
terraces. 

c)	 Reach 7 - Chalk Creek to the junction of the South Fork Arkansas River (21.2 
RM); The upstream limit is determined by the geomorphic control of Browns 
Canyon, and the downstream limit is determined by the discharge contribution of 
South Fork Arkansas River. The river is in a deep canyon (Browns Canyon ) 
from about 2 miles south of Chalk Creek to about Browns Canyon (Salida West 
quadrangle), where it is confined by terraces to about Squaw Creek, where it then 
flows in an open valley with a floodplain to Salida and to the confluence of South 
Fork Arkansas River. 

d)	 Reach 8 - South Fork Arkansas River to Cañon City (58.1 RM);  The reach is 
primarily a canyon composed of the Arkansas River and Royal Gorge, but the 
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valley widens at Wellsville, between Howard and Coaldale and at Parkdale.  In 
the wide sections, the river is flanked by terraces. 

e)	 Reach 9 - Cañon City to upstream end of Pueblo Reservoir (29 RM);  This reach 
is characterized by an open valley with a floodplain. The change from canyon to 
open valley at Cañon City is dramatic. 

f)	 Reach 10 - Pueblo Reservoir, including the Arkansas River downstream of the 
reservoir to approximately 1.5 miles downstream of Pueblo Dam (8.1 RM) (SCR 
2002, p. 6-9). 
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2.4.1 Evidence of Injury 

2.4.1.1 Water Quality (Ecological Use) 

Tables 2-15 and 2-16 summarize documented exceedances downstream of the 11-mile 
reach of water quality criteria established by the State of Colorado for the protection of aquatic 
life. Table 2-15 presents data from June 1981 through February 1992 (referred to as "Period 2"); 
Table 2-16 presents data from February 1992 through September 2001 (referred to as "Period 3") 
As shown in these tables, numerous exceedances of acute and chronic water quality criteria have 
been documented in Reaches 6, 7 and 8 throughout the 1981-2001 period, during high and low 
flow conditions, for several metals (cadmium, copper, lead and zinc). Required data were not 
available for Reach 5 prior to 1992, but were available post-2002 and indicate threshold 
exceedances during that timeframe. Exceedances in Reaches 9 and 10 have been documented in 
the pre-1992 period, but not subsequently. 

Based on the mean concentration of metals, the frequency and magnitude of TVS 
exceedances for all metals generally declines in the downstream area reaches when compared to 
those exceedances observed in Reaches 1-4 (SCR 2002, p. 6-13). Citing information from 
various investigators, the SCR states the following: 

[Ortiz et al. 1988] reported that drainage from the abandoned mines and mine 
tailings was the primary cause of elevated trace element concentrations in the 
Upper Arkansas River Basin. They concluded that dissolved trace element 
concentrations in the upper basin generally decreased from Leadville to Portland. 
Following the completion of the water treatment facilities at the LMDT and Yak 
Tunnel, a statistically significant decrease in concentrations of cadmium, copper, 
manganese and zinc was observed at several downstream mainstem sites. 
Tributaries sampled did not provide significant metals loads to the Arkansas 
River. Water quality standards for trace elements were exceeded in several water 
samples, but the majority of exceedances occurred prior to water treatment. Other 
studies reviewed reported water quality data that generally supported the 
conclusions of Ortiz et al. (1988). They include Crouch et al. (1984), McCulley, 
Frick and Gilman Inc. (1990), Wetherbee et al. (1991), Clark and Lewis (1997), 
and Ruse et al. (2000) (SCR 2002, p. 6-14). 
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2.4.1.2 Benthic Communities 

There are no benthic data from Reach 5. Results of microcosm experiments conducted in 
1998 showed that exposure of benthic communities to a mixture of cadmium, copper, and zinc at 
a concentration similar to that measured in Reach 5 had a significant effect on community 
composition, species richness of mayflies, and abundance of metal-sensitive species. Because 
water quality in Reach 5 is similar to that observed in Reach 3 (where injury was observed) and 
because metals levels in Reach 5 exceed those known to be toxic to metal-sensitive species, it is 
likely that benthic macroinvertebrates are injured in Reach 5 (SCR 2002, Chapter 6 Matrix 
Summary p. 23). 

Analysis of community structure for benthic macroinvertebrates collected from the lower 
portion of Reach 6 (Buena Vista) shows significant improvement in species richness, diversity 
and abundance of metal-sensitive species. In particular, abundance of Heptageniidae, a highly 
metal-sensitive group, has increased 2-3 times since remediation of Leadville Mine Drainage 
Tunnel and California Gulch was initiated in 1992. Abundance of these organisms after 1996 
was similar to that observed in Reach 0. Metal concentrations in the caddisfly Arctopsyche 
grandis collected from Reach 6 have significantly decreased since 1994 and generally are similar 
to those values measured in Reach 0. Zinc levels in periphyton measured in Reach 6 in 1995 and 
1996 were also within the range of values observed in Reach 0. Results of the 1998 microcosm 
experiments indicate that metals concentrations similar to those found in Reach 6 had no effect 
on community composition, species richness of mayflies, or abundance of metal-sensitive 
species (SCR 2002, Chapter 6 Matrix Summary p. 24). 

Few data are available for Reaches 7, 8, 9 and 10. The 1998 microcosm experiments 
indicate that metals concentrations similar to those found in Reaches 7 and 8 had no effect on 
community composition, species richness of mayflies, or abundance of metal-sensitive species. 
Quantitative collections of benthic macroinvertebrates by the USFWS showed no spatial trends 
that could be related to heavy metals in these reaches (SCR 2002, Chapter 6 Matrix Summary p. 
26). 

2.4.1.3 Fish 

Although data are generally limited prior to remediation of the Leadville Mine Drainage 
Tunnel and California Gulch, the SCR indicates that some research conducted in the downstream 
areas indicated impairments to fish populations: 

Historically, there was an absence of large brown trout downstream of the 11-mile 
reach, which was attributed to a variety of factors including metal toxicity, post 
spawning conditions, and the lack of forage fish (Nehring 1986). Winters (1988) 
conducted a detailed investigation of brown trout feeding habits, growth and 
condition at a single site approximately 30 km downstream from Salida. He 
reported that brown trout fry feed extensively on small, drifting invertebrates 
(especially Baetis), followed by a switch to caddisflies in older age classes. He 
characterized the general condition of brown trout in the Arkansas River as poor. 
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The high rate of mortality observed in older fish and the absence of +4 age class 
in the Arkansas River was attributed to poor or unreliable food quality and the 
lack of forage fish (SCR 2002, p. 6-32). 

More recent data indicate that metal concentrations in Reach 5 exceed levels known to be 
toxic to brown trout. Abundance, biomass, and length frequency distributions of brown trout 
from Reach 3 and Reach 5 were generally similar. The lower abundance and biomass of brown 
trout in Reach 5 compared to Reach 0 is consistent with metals injuries (SCR 2002, Chapter 6 
Matrix Summary, p. 27). Although the brown trout population in Reach 6 was characterized by 
reduced overall abundance but somewhat larger individuals compared to the reference reach, 
evaluating the importance of metals relative to other habitat features is difficult because of 
natural and anthropogenic changes in physical characteristics of the Arkansas River, particularly 
flow alterations associated with discharge from Lake Creek and poor instream habitat (SCR 
2002, Chapter 6 Matrix Summary, p. 28). 

The significant improvement in biomass and abundance of brown trout in Reach 8 and 
similarity to the reference reach suggests that there may not be current injury to brown trout in 
this reach. Conditions within Reach 7 (e.g., water quality) are essentially the same as Reach 8, 
and improve in the downstream reaches (SCR 2002, Chapter 6 Matrix Summary, p. 29).  The 
SCR notes, however, that natural longitudinal changes in the physicochemical and habitat 
characteristics of the Arkansas River complicate comparisons with upstream reaches (SCR 2002, 
Chapter 6 Matrix Summary, p. 30).  The appropriateness of Reach 0 as a reference for 
downstream aquatic populations diminishes as the distance from that Reach increases and the 
river evolves into a river that is, among other things, at a lower altitude, warmer, larger and 
slower. 

2.4.1.4 Migratory Birds 

The USFWS sampled blood and livers from American dippers at 12 sites downstream of 
the 11-mile reach between 1995 and 1998. Blood and liver samples were analyzed for metals, 
and blood was also analyzed for ALAD. Citing relevant studies (Archuleta et al. 2000 and Custer 
et al. 2003 in press), the SCR states that injury is occurring to American dippers from lead 
exposure in Reaches 5 and 6 (between Granite and Balltown). ALAD activity is suppressed in 
American dippers by approximately 50 percent compared to the reference area. At sites 
downstream of Reaches 5 and 6, ALAD activity is suppressed in American dippers (25-48 
percent compared to a reference area) indicating lead exposure is occurring, but below injury 
thresholds. For tree swallows, ALAD activity is suppressed in the downstream area (1-35 percent 
compared to a reference area), again indicating lead exposure, but below injury thresholds. 
Migratory birds are exposed to metals (cadmium, lead, zinc) in the downstream area, but 
reported levels are typically below threshold values associated with lethal and sublethal (e.g., 
behavioral and/or physiological) effects (SCR 2002, p. 6-37). 

2.4.1.5 Human Use 

The Arkansas River is an important recreational resource. The Arkansas River Outfitters 
Association describes its rafting appeal as follows:  
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The Arkansas River is the most popular rafting river in America! From its 
headwaters at the historic mining area around Leadville, Colorado; through scenic 
mountain towns like Buena Vista and Salida, Colorado; to the breathtaking Royal 
Gorge and beyond ... Colorado's Arkansas River has some of the nation's most 
exciting whitewater and amazing mountain views. From highly technical Class IV 
& V rapids (the Numbers near Granite & Buena Vista, Colorado and The Royal 
Gorge near Cañon City), to relaxing & scenic calm-water float trips, the Arkansas 
has it all (http://www.aroa.org/arkansas-river.htm accessed 13 January 2005). 

Fishing is also popular. The website flyfishingconnection.com describes the River as 
follows: 

The most heavily fished and popular section of the Arkansas is from Buena Vista 
to Cañon City. This section of the river, which is approximately 75 miles long, 
has beautiful pocket water, pools, riffles and runs holding an excellent population 
of browns and a good population of rainbows. The river averages from 70-100 
feet wide in most areas with boulders, bends and deep seams creating superb 
habitat for the trout that reside here. Trout in the Arkansas average approximately 
13-15 inches although fish to 18 inches and better are not that uncommon 
(http://www.flyfishingconnection.com/arkansas.html, accessed 13 January 2005). 

Readily available information is not sufficient to evaluate the extent to which these and 
other recreational uses of the downstream area have been diminished by metals contamination 
since 1981. The Trustees may undertake future analyses to more fully examine potential 
recreational use injuries. 

2.4.2 Downstream of 11-Mile Reach Preliminary Estimate of Damages 

For PED purposes, the potential magnitude of damages is assessed through HEA-based 
development of preliminary estimates of the cost of restoration projects potentially appropriate to 
offset the resource service degradation observed downstream of the 11-mile reach. Consistent 
with the 11-mile reach analysis, the Trustees have implemented two HEA approaches to provide 
a robust assessment of the approximate magnitude of potential restoration scale (and cost). The 
first (HEA Injury Approach 1) derives quantitative loss estimates through evaluation of direct 
injury to brown trout as well as behavioral avoidance of otherwise suitable habitat. The second 
(HEA Injury Approach 2) is derived from the frequency and magnitude of exceedances of TVS 
standards, using data provided in the SCR. More detailed analysis and/or alternative approaches 
may be undertaken as part of future assessment activities. 

2.4.2.1. HEA Approach 1 - Direct Injury to Brown Trout and Behavioral Avoidance 

The aquatic HEA in the first approach included two components: direct injury to brown 
trout (based on brown trout fry mortality), and injury to brown trout through behavioral 
avoidance of otherwise suitable habitat. Review of readily available water quality data provided 
evidence of aquatic injury in the Arkansas River at least as far downstream as the USGS-
Shavano sampling station near the town of Salida (approximately 60 miles downstream of the 
confluence with California Gulch). 
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2.4.2.2 Service Loss Based on Direct Injuries to Brown Trout 

For sites downstream of the 11-mile reach, direct injury to brown trout was based on 
estimates of predicted trout fry mortality because of limited biological data and concern over 
appropriate comparisons to reference sites above the 11-mile reach.  

Trout fry mortality is dependent on water quality, particularly during spring/early 
summer high-flow conditions (May-July) when metals concentrations in the Arkansas tend to be 
highest. Available water quality data for the Arkansas River for May-July from 1981 to 2005 
were used to estimate annual trout fry mortality based on acute toxicity tests for brown trout fry 
exposed to zinc or cadmium (CDOW, 2006). The maximum predicted mortality for zinc or 
cadmium was used as the estimate of trout fry mortality for a particular year because the 
maximum mortality for the year is what determines the proportion of the trout fry population 
able to survive and potentially develop into adult brown trout. For example, in a year where the 
concentration of zinc or cadmium is high enough at some point during the spring to kill all of the 
trout fry (100% predicted mortality), there would be no recruitment of trout into the adult 
population at that location. Calculations of predicted trout fry mortality were based on equations 
developed by Steve Brinkman (CDOW, 2006). Equations predicting trout fry mortality were 
presented in Section 2.3.2.2 for the 11-mile reach. 

For sampling stations downstream of the 11-mile reach, water quality data were more 
limited than for the 11-mile reach. Available data were used as the basis for a linear interpolation 
between sampling stations to estimate likely concentrations of zinc. These estimated 
concentrations account for expected dilution in contaminant concentrations from upstream to 
downstream. In other words, service loss calculations were based on the assumption that 
contaminant concentrations would decrease at a constant rate with distance downstream. 
Averaged inputs were used for 1981-1992, 1993-1999, and 2000-2005. 

For the section of the Arkansas River downstream of the 11-mile reach to the USGS-
Station at Shavano, the maximum calculated service loss was 50% for the upstream portion of 
this reach for the period 1981-1992. Service loss declined over time and with distance 
downstream, with no service loss after 1999 for the most downstream section of the reach. 

2.4.2.3 Service Loss Based on Brown Trout Behavioral Avoidance 

Brown trout behavioral avoidance injury was based on studies demonstrating that brown 
trout will avoid Zn when concentrations exceed certain threshold levels. Because behavioral 
avoidance may reduce the numbers of trout that occupy otherwise viable habitat in the Arkansas 
River, we assumed that the ecological consequence of avoidance responses is to reduce the 
carrying capacity of the available habitat for trout. An avoidance threshold of 50 µg Zn/L was 
used based on Woodward et al. (1997) with the assumption of a constant level of 50% avoidance 
when concentrations exceed the threshold. The degree of ecological impact was estimated to be 
between 1% and 10% of carrying capacity. To account for this range, three scenarios of reduced 
trout carrying capacity were modeled: 1%, 5%, 10%. Applying the 50% avoidance effect to these 
scenarios results in a total avoidance service loss range of 0.5%, 2.5%, and 5% service loss 
(calculated by multiplying the 50% trout avoidance incidence by the degree of reduced trout 
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carrying capacity). Calculations were limited to the months of September and October when 
brown trout would move from tributaries to the main stem of the Arkansas River.  

Mean monthly Zn concentrations for September and October were used to calculate 
brown trout behavioral avoidance. Downstream of the 11-mile reach, water quality data are 
unavailable for 1981-1990. Therefore, zinc and cadmium concentrations from 1994-1998 were 
increased by 50% to estimate behavioral avoidance for the earlier period. Downstream of the 11
mile reach, there were avoidance service losses downstream to Shavano for the period 1981
1995, with no service losses after that date. 

2.4.2.4 Results of HEA Approach 1 Injury Calculations 

The service loss calculations discussed above were used as inputs into a HEA model with 
a base year of 2006 and a 3% discount rate to calculate the total discounted service acre-years 
(DSAYs) lost as a result of the aquatic injuries. A summary of service loss values for the 
different time periods and segments of downstream section (Reaches 5 – 7) is provided in Table 
2-17. Total DSAYs for injuries for this area ranged from 3,000 – 3,500 depending on the 
assumptions used for behavioral avoidance service loss (Table 2-18). 

Table 2-17 
Approach 1:  Estimated Ecological Service Losses Downstream of the 11-Mile Reach in the Arkansas River 

Area 
Percent Service Loss 

1981 - 1992 1993 - 1999 2000 – 2005a 

Reach 5 55% 25% 4% 
Reach 6 40% 18% 4% 
Reach 7 11% 3% 0% 
a. For 2006 – 2011, aquatic services were assumed to improve by 20%; For 2012 – 2107, aquatic services were 
assumed to improve by an additional 10%. 

Table 2-18 
Approach 1: Quantified Injuries Downstream of the 11-Mile Reach in the Arkansas River

Area 
 DSAYsa 

Acres Direct Injury Behavioral Avoidance Total (rounded) 
Downstream to USGS-
Shavano sampling station 540.8 2,947 60-599 3,000-3,500 
a. DSAY = discounted service acre-year. 

2.4.2.5 HEA Injury Approach 2 - Exceedances of TVSs 

The second HEA injury quantification approach was based on the frequency and 
magnitude of water quality exceedances of TVSs.  The data for each reach for Periods 2 and 3, as 
well as chronic and acute thresholds based on average measured hardness, were obtained from 
the SCR.18  For Period 4, the CDOW report, which includes chronic thresholds, was used to 

18 As a visual demonstration of the exceedances, Appendix 1 presents the water quality results and average-
hardness-corrected chronic and acute thresholds for Period 2. These present the same data as Tables 2-8 and 2-14. 
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estimate injury. As described in Section 2.3.2.5 above, ecological service loss was calculated 
based on water quality exceedances of chronic and acute TVS.  For future service loss, ongoing 
remedial work was assumed to result in a 20% improvement in water quality for the period from 
2006-2011 and an additional 10% improvement in water quality for the period from 2012-2107. 

For the area downstream of the 11-mile reach, we include Reach 5 through Reach 8.  In 
the SCR, these reaches are characterized as having water quality exceedances sufficient to cause 
injury in both Period 2 and Period 3.19  We do not include Reaches 9 and 10; while some small 
injury may be attributed during Period 2, the level of uncertainty precludes inclusion in this 
injury estimation. 

2.4.2.6 Results of HEA Injury Approach 2 Calculations 

The service loss calculations discussed above were used as inputs into a HEA model with 
a base year of 2006 and a 3% discount rate to calculate the total discounted service acre-years 
(DSAYs) lost as a result of the aquatic injuries. A summary of service loss values for the 
different time periods and segments of the area downstream of the 11-mile reach (Reaches 5 – 8) 
is provided in Table 2-19. Total DSAYs for injuries for this area are 5,700 DSAYs, including 
both chronic and acute injuries (Table 2-19). 

Table 2-19 
Approach 2: Estimated Ecological Service Losses and Quantified Injuries Downstream of the 11-Mile Reach 

of the Arkansas River 
 Percent Service Loss 
Area Acres 1981 - 1992 1993 - 1999 2000 – 2005a DSAYs 

(rounded)b 

Reach 5 20.9 50% 43% 17% 400 
Reach 6 282.4 31% 26% 0% 2,800 
Reach 7 198.7 17% 9% 0% 900 
Reach 8 554.4 11% 4% 0% 1,600 
Total 1,056.4 5,600 
a. Services improve linearly between 2000 – 2005 to the listed service loss.  For 2006 – 2011, aquatic services were 
assumed to improve by 20%; For 2012 – 2107, aquatic services were assumed to improve by an additional 10%. 
b.  DSAY values do not sum to total due to rounding. 

2.4.2.7 HEA Restoration Calculations 

The purpose of this preliminary analysis is to develop an initial estimate of the 
approximate magnitude of damages for the Arkansas River downstream of the 11-mile reach. 
While there are uncertainties inherent in the choice of input variables and values, reasonable 
variation in these inputs is unlikely to alter the basic conclusion: although readily available data 

19 Reach 5 does not have data reported for Period 2, but results from Period 3 indicate levels of injury 
midway between those of Reach 3 and Reach 6. 
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suggests that there may not be current, metals-related degradation of resource condition in 
downstream areas, the magnitude of past injuries (1981 to 2000) likely exceeds combined past 
and future injuries estimated for the 11-mile reach.  

With respect to potential restoration projects, based on readily available information it 
appears that downstream areas provide limited instream restoration potential. The Trustees 
therefore have not developed estimates of restoration benefits and costs specific to this area. In 
the absence of such information, 11-mile reach restoration costs are applied to develop the 
preliminary estimate of damages. Total cost for the 11-mile reach restoration project, which 
provides 1,170 DSAYs, is $3.7 million.  Based on the preliminary calculations described above 
in Approach 1, the total magnitude of injuries to downstream areas is approximately 3,000  
3,500 DSAYs, indicating an estimated $9.5 to $11.1 million dollars as a restoration cost-based 
preliminary damage estimate for downstream areas.20 Based on Approach 2, preliminary 
calculations indicate that the total magnitude of injuries to downstream areas is approximately 
5,700 DSAYs, indicating an estimated $17.8 million dollars as a restoration cost-based 
preliminary damage estimate for downstream areas. 

2.5 SUMMARY OF PRELIMINARY ESTIMATE OF UPPER ARKANSAS RIVER 
AQUATIC DAMAGES 

Based on the preliminary analyses presented in this chapter, the cost of restoration 
projects needed to offset post-1981 natural resource service impairment in the 11-mile reach is 
expected to be on the order of approximately $9.3 – $12.1 million. Similar calculations suggest 
that the total magnitude of injuries to downstream areas is approximately $9.5 - $17.8 million, 
for a total of $18.8 – $29.9 million dollars as a restoration cost-based preliminary damage 
estimate (see Table 2-20).   

Table 2-20 
Summary of Preliminary Estimate of Damages for Upper Arkansas River 

Approach 1: Brown Trout Approach 2: TVS 
Exceedance 

Lower estimate for 
avoidance 

Higher estimate for 
avoidance 

Estimated 
Cost per 
DSAY* 

Injury 
DSAYs 

Estimated 
Cost ($M) 

Injury 
DSAYs 

Estimated 
Cost ($M) 

Injury 
DSAYs 

Estimated 
Cost ($M) 

11-mile reach (Reaches 
1-4) $3,162 2,950 $ 9.3 3,200 $ 10.1 3,800 $12.1 

Downstream of 11-mile 
reach (Reach 5 – 10) $3,162 3,000 $ 9.5 3,500 $ 11.1 5,600 $17.8 

*DSAYs expected to be generated by 11-mile Reach Instream Restoration Project: 1,170
  Estimated Project Cost: $3,700,000 
  Estimated Cost Per DSAY: $3,162 (equal to 1,170 DSAY benefit / $3,700,000 cost of 11-mile Reach project) 

20 For example, (3,000 DSAYS / 1,170 DSAYS) * $3.7 million ≈ $9.5 million. 
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