4.0 Preliminary Identification of Resources Potentially at Risk

Section 11.25 of the CERCLA regulations, 43 CF.R. Pat 11, requires a prdiminary
identification of potentid exposure pathways to dlow identification of resources at risk. In
addition, the section requires a trustee following the regulations to identify areas where exposure
or effects may have occurred or are likely to occur. It dso encourages the trustee to consder
concentrations of hazardous substances to which natura receptors might be exposed. Findly, it
requires that the trudee following the regulations preiminarily identify potentidly affected
resources.

In Section 3.0 above, the Forest Service has addressed concentrations of hazardous substances
rdleased into the environment, including to Joe Creek and beyond, to which natura resources
have been and could be exposed. The section will address other condderaions outlined in
Section 11.25 of the regulations.

4.1 Preliminary ldentification of Exposure Pathways and Exposed Areas

There are a vaiety of pathways by which hazardous substances can enter the environment from
the Blue Ledge Mine Site. Prdiminarily, the Forest Service has identified surface water,
movement of contaminated particulates, groundwater, and food chain as important exposure
pathways for natural resources.

4.1.1 Surface Water and Particulate Movement
Surface Water Transport of Dissolved Metals

An average annud precipitation in the vicinity of the mine of 138 inches of snow and 33 inches
of ran (Hundhausen 1947) results in subgtantid runoff from the mine as wel as percolaion
through the wagte piles below the mine. At 4,800 feet above sea leve, the Blue Ledge Mine is
located in a trangent snow zone where periods of rain-on-snow events can occur, which creates a
high risk of mass wasting and surface erosion (USFS 1995).

One-third of the Joe Creek watershed is located within the trandent show zone (above 4,000
feet) and can receive moigure ather as rain or snow. Given that most of the precipitation occurs
during winter months, ran-on-snow events are not uncommon and are the primary cause of
flooding in the Upper Applegate watershed. Pulses of runoff occurring at these times create a
high risk for mass wasting and surface erosion (USFS 1995).

At the Blue Ledge Mine, waste rock and exposed minerads in abandoned underground workings,
excavaions, etc. are oxidized during al times of the year, except in cases when rock surfaces are
submerged. However, such processes are greatest during the dry period from July to November.
Thus, it follows that high flow periods of the soring offer the greatest opportunity to flush the
metds tha have accumulated from the oxidation of the summer months and transport them
downstream.
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Conggtent with this conceptua site mode for transport and exposure, as noted in Section 3.2.2
above, surface water shows highly eevated concentrations of metas, as compared to background
and upgtream locations unaffected by AMD, during the spring high flow period. Data show that
dissolved metas released from the mine can be traced to effects in Elliott Creek as a clear
gradient exists from Elliott Creek upstream to the mine (see Charts 2-4, pp. 19-20).

Spring months are not the only months of the year in which surface water can be a pathway of
exposure to resources of the nationd forest. In fact, the same water quality data discussed above
show very high metd concentrations in summer in a sample downstream of waste disposal areas
and collapsed mine portals not visble from FS Road 1060 (JC6) as well as from a spring near
Joe Creek (JCS2). Higorical accounts of waste disposal suggest that this seep may well be in an
areain which waste rock was disposed at the bottom of the mountain (see Charts 2-4, pp. 19-20).

Sediment Transport -- Transport of Fines from the Waste Disposal Areas

Site vigts and photos of the dte indicate that a mgority of the waste materid below the mine is
in the form of finesthe Sze of coarse sand, intermixed with smdl rocks 6 cm or smdller.

As a reault, particles from Blue Ledge Mine waste rock piles or precipitates from mine drainage
are likely to be entrained during runoff and carried into Joe Creek and downgream. Paticle
transport by streams depends on stream velocity. Moderate currents (20-50 cm/s) move sand and
gmdler particles, these currents are common in most rivers.  The suspended load of a Stream can
cary fines even a reatively low flows, lower than those of mountain streas like Joe Creek and
Elliott Creek. At higher flow vdocities and volumes, fine paticles may be caried for miles
before the carrying capacity of the water is reduced sufficiently so that the sediment load is
deposited.

The Joe Creek watershed is long and narrow and ranges in eevation from 6,200 feet at the
headwaters to 2,100 feet at its mouth. Two reaches of Joe Creek were surveyed and identified
based largdy on changes in stream gradient (Siskiyou Research Group 2002). Reach 1,
extending from the mouth for 1.69 miles upstream to Manzanita Gulch, exhibited a Stream
gradient that averaged 7%. Reach 2, extending from the guich to the mine ste (1.71 miles),
exhibited an average gradient of 18%. It is therefore likdy tha during individud high flow
events, or as a result of successve high flow events, fine particles can be caried through Joe
Creek to Elliott Creek, the Applegate River, and possibly well into the Applegate Reservoir.

Trangport of metds and hazardous particles is widey known. In one sudy of a stream
downstream of a mine, 98% of excess copper, 91% of excess arsenic, and 70% of excess
cadmium measured in the riparian zone was deposited by a river transporting contaminated
sediments  originding from updream mining and andting activities This sudy showed that
meta concentrations in contaminated sediments did not decrease with distance downstream from
the source areas (Rice et d. 1985).

There is a grong likdihood that particles originating from the Blue Ledge Mine have been
trangported from ther origin, by weeathering, mass wasting, and runoff, downdope and
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downstream as far as the Applegate Reservoir.
4.1.2 Groundwater

Another way for polluted discharges from the mine and the waste piles to potentidly reach
natural resources of the Nationd Forest is via groundwater flow. According to the infiltration
theory of runoff (Chorley 1978), precipitation on a hilldope will be absorbed if the intendty is
less than the infiltration capacity. As infiltration cgpacity is exceeded during high precipitation
periods, overland flow is produced. Both subsurface and overland flow occur a the Blue Ledge
Mine Site.

In the area surrounding the mine, precipitation that infiltrates to groundwater is very likey
impacted by AMD through its contact with mine waste materids as described above. Depending
on the locd geology, this water may continue to generate AMD as it percolates downward
through sulfide-bearing rocks below the surface or through fractures and voids where sulfide
mingrds ae adso present. This impacted groundwater emerges downdope a seeps and enters
streams, carrying with it elevated metals concentrations.

Precipitation aso enters abandoned adits and mine shafts. The same processes that generate
AMD within the waste rock outsde the mine adso occur on the vast surfaces within the mine as
they are exposed to moisture and oxygen. This impacted water likely flows from the mines
workings through preferentiadl subsurface pathways aong the rock's bedding surfaces and
asociated voids and fractures. The predominant strike of the schist below the mine averages
North 10° East (Hundhausen 1947), indicaing groundwater likdy flows from the mine to the
north and south, working its way dong these pathways until it surfaces downdope of the mine.

This is another pathway by which impacted groundwater emerges a seeps and enters streams,
creating effects on surface water resources and a pathway of exposure for biologic resources.

At the Blue Ledge Mine, most of the AMD-generating oxidation of waste rock and exposed
minerds in abandoned excavations occurs during the dry period from July to November. Most
metas mobilized by infiltrating precipitation enter the groundwater system as leachate during the
wet period from December to June.

4.1.3 Food Chain Pathways

In polluted aguatic ecosystems the trandfer of metds through the food chain can cause high
concentrations in invertebrates and toxicity in fish (Ddlinger 1985). When invertebrate species
sengtive to the meta contamingtion are diminated, meta-tolerant food organisms can become
dominant. Their tolerance may be based on ther &bility to accumulaie excessve amounts of
metals, which would lead to increased dietary exposure among fish predators (Timmermans
1989, Woodward 1995).

Studies show that heavy metds, such as cadmium, copper, and zinc reeased from the Blue
Ledge Mine, may be dored in various tissues of organiams including the liver, muscle, kin, or
gills (see Besser et d. 1995). The amount of metal storage varies with the metal and pathways of
uptake (e.g., via water, sediments, food). For the foregoing reasons, the food chain has been
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identified as an exposure pathway & the Blue Ledge Mine Site.
42 Exposed Areas

The Forest Service has preliminarily identified the areas in and around 1) Joe Creek, 2) Elliott
Creek downstream of Joe Creek, 3) the Applegate River downstream of Elliott Creek, and 4) the
Applegate Reservoir as areas where exposures to hazardous substances released from the Blue
Ledge Mine can occur. The Forest Service reached this conclusion for the following reasons.

Fird, as noted above, it is likely that fines from the Blue Ledge Mine waste are transported via
Joe Creek to Elliott Creek and to the Applegate Reservoir. It is well documented that such fines
from mining operations can offer a continuing source of releases of hazardous substances
locations far downstream of the mine (Rice et d. 1985).

Second, andyses of waer samples taken in April 2001 in Elliott Creek upstream and
downsream of the confluence with Joe Cresk document that dissolved metds from the mine
have been transported to Elliott Creek (See discussion in Section 3.2.2 above). There are no
samples taken downstream of EC1 (see Map 2); however, transport of dissolved metas beyond
this sample location islikely.

Third, to the extent bioaccumulation of hazardous substances has occurred, natura resources in
areas other than these water-bodies could be affected.

4.3 Affected and Potentially Affected Resources

This subsection presents a list of resources that the Forest Service has prdiminarily identified as
potentidly affected natural resources under its trusteeship. Given the limited nature of the
invedtigation dlowed by a PAS this lig is prdiminary. With further assessment the lig will be
refined to reflect a more complete understanding of naturd resource injury that follows a naturd
resource damage assessment.

4.3.1 Surface Water Resources

Recent data presented in this PAS demondrate that releases from the Blue Ledge Mine have
increased the concentrations of metals, which are listed hazardous substances, to such levels that
the water of Joe Creek is potentialy injurious to human hedth and is toxic to agueatic organisms.

As noted above, elevated dissolved metas were observed downstream of Joe Creek in the April
2001 sample round &bove background and upstream locations unaffected by AMD.  For
example, copper was not detected at JC5, but was detected downstream at JC4 at 790 ppb. As
noted in Section 3.2.2 above, the data document violaions of primary and secondary drinking
water sandards. Moreover, a comparison of the data with aguatic life criteria (ALCs) for surface
waters demondrates that the AMD has caused concentrations well in excess of ALCs in Joe
Creek and Elliott Creek. ALCs include contaminant maximum concentrations (CMCs) and
contaminant continua concentrations (CCCs). CMCs are the highest concentration of a
pollutant to which aguatic life can be exposed for a short time (one hour) without deleterious
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effectss.  Thus, CMCs are acute ALCs. CCCs ae chronic ALCs and equa the highest
concentration of a pollutant to which aguatic life can be exposed for an extended time (four days)
without deleterious effects. EPA regulations promulgated for the state of Cdifornia define both
acute and chronic ALCs. Toxicity of metads to aguatic organisms is often dependent upon
hardness of the water. As a result, in the EPA regulations ALCs for metds including cadmium,
copper, and zinc are expressed as a function of hardness, as shown in Table 2 below.

Table 2. Aquatic Life Criteria as a Function of Hardness
Metal Acute ALC Chronic ALC

Cadmium ALC= ALC=
e"(1.128*In(hd)-3.6867) | e(.7852*In(hd)-2.715)

Copper ALC= ALC=
en(.9422*In(hd)-1.7) en(.8545*In(hd)-1.702)

Zinc ALC= ALC=
e"(.8473*In(hd)+.884) e"(.8473*In(hd)+.884)

Using the above equations and hardness data, ALCs were cdculated for cadmium, copper and
zinc for each sampling gte in the September 2000, April 2001, and August 2001 sampling
rounds. These ALCs were compared with the concentrations of the applicable metal at the site.
The results are summarized in Tables 3 through 5.

Table 3. Exceedances of Aquatic Life Criteria for Cadmium
September-00 April-01 August-01
Acute Chronic Acute Chronic Acute  Chronic
Location [ Conc. ALC ALC Conc. ALC ALC Conc. ALC ALC
PG1 ND 2.9 1.8 ND 1.5 1.1 ND 2.7 1.7
EC1 ND 3.3 2.0 ND 1.4 1.1 ND 2.5 1.6
EC2 ND 3.3 2.0 ND 1.6 1.21 ND 2.3 1.5
JC1 ND 3.3 2.0 1.3 1.4 1.1 ND 3.3 2.0
JC2 ND 3.2 1.9 1.7 1.4 1.1 ND 3.3 2.0
JC3 0.5 1.6 1.2 25 0.80 0.74) 1.7 1.6 1.2
JC4 ND 1.4 1.1 41 091 0.81] ND 1.4 1.1
JC5 ND 1.5 1.2 ND 0.70 0.67] ND 1.5 1.2
JC6 ND 0.34 0.40| 13.4 1.9 1.4
JCS1 ND 2.0 1.4 ND 1.2 0.95 ND
JCS2 3.7 1.6 1.2 15.6 2.1 1.5
BL1 40.3 1.2 1.6
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Table 4. Exceedances of Aquatic Life Criteria for Copper
September-00 April-01 August-01
Acute  Chronic Acute  Chronic Acute  Chronic
Location [ Conc. ALC ALC Conc. ALC ALC Conc. ALC ALC
PG1 ND 9.6 6.6ND 5.5 4.0ND 9.2 6.4
EC1 ND 11 7.3 735 5.2 3.8ND 8.5 6.0
EC2 ND 11 7.3ND 5.8 4.2ND 7.9 5.5
JC1 ND 11 7.3 280 5.3 3.9ND 11 7.4
Jc2 11.4 10 7.1 309 5.3 3.9ND 11 7.4
JC3 30.8 5.9 4.20 436 3.3 2.5 101 6.0 4.3
JC4 53.7 5.2 3.8 790 3.7 2.8 83.9 5.3 3.9
JC5 ND 5.7 4.1IND 2.9 2.3ND 5.7 4.1
JC6 ND 1.6 1.3 1830 6.9 4.9
JCS1 7.1 5.1ND 4.5 3.3ND
JCS2 407 5.9 4.3 2990 7.5 5.3
BL1 6990 8.3
Table 5. Exceedances of Aquatic Life Criteria for Zinc*
September-00 April-01 August-01
Location Conc. Criteria Conc. Criteria Conc. Criteria
PG1 8.7 85(ND 52|ND 82
EC1 2.6 94 78.3 49ND 77
EC2 ND 94ND 54IND 71
JC1 21.9 94 287 50 54.2 95
Jc2 29.1 92 360 50 71.3 95
JC3 50.7 55 4381 33 278 56
JC4 70.4 49 774 36 144 50
JC5 ND 53ND 29IND 53
JC6 ND ND 17 2750 64
JCS1 3.6 65ND 43
JCS2 727 55 2880 68
BL1 6800 75

* - Equations for Acute and Chronic ALCs are the same for zinc

Exceedances of the cdculated ALCs are highlighted in green. At least one exceedance of the
ALCs for eech metd was detected during each sampling round. Particularly telling are the data
taken in the Spring 2001 sampling round during the wet season when AMD releases are expected
to be the highes. In the mine discharge, acute ALCs for cadmium, copper, and zinc were
exceeded 34-, 844-, and 91-fold, respectively. Cadmium exceedances of acute and chronic
ALCs were noted as far downstream as JC1. Exceedances for copper and zinc (both acute and
chronic ALCs) were detected in Elliott Creek. The data clearly show meta concentrations above
those protective of aquatic communities.

Elevated dissolved metals are not the only injuries to aguatic resources from the AMD. Injuries

Preliminary Assessment Screen: Blue Ledge Mine 25



to aguatic resources dso are likely to have resulted from the trangport of contaminated particles
downgtream.  Although sediments samples have not yet been taken, as described below the ste
characteristics are favorable for such contaminant transport. Such transport could have occurred
as fa as downdream as the Applegae Reservoir.  Given the years of release of such
contaminated fines, contaminated sediments are likdy to be found in depostiond areas in Joe
Creek, Elliott Creek, and the Applegate River and Reservoir, offering a source of continuing
releases of hazardous substances. Such contamination is conddered an injury to surface water
resources under the regulations. The fact that surface water resources well beyond Joe Creek
could be compromised is born out by recent studies on the toxic effects of metas.

The conditions a the Blue Ledge Mine can be compared to those of the Methow Valey on the
eastern dopes of the north Cascade Mountains in Okanogan County, Washington. The Methow
basin is amilar to the Blue Ledge Mine Ste in that the mined ore deposits are rich in sulfides and
AMD has been the cause of eevated metas concentrations in runoff to streams. A recent study
conducted in the Methow Vadley found reduced growth and increased mortdity among trout
maintaned in pens downdream from the mines despite the fact that water was meeting water
qudity standards and concentrations of metas were at detection limits (Peplow 2002). Such
toxic affects were seen 10 km from the mine ste.  Sediments contaminated by releases from
upstream abandoned mines were identified as the cause.

In summary, the aquatic resources of the Nationa Forest have been injured by the AMD from
the Blue Ledge Mine. Such injuries extend to Elliott Creek and likely to the Applegate
Resarvoir.

4.3.2 Groundwater Resources

No groundwater samples have been collected. However, samples have been collected in seeps
that have daylighted near the mine. The samples show that groundwater has been affected. Such
samples show eevated concentrations of metas. As a result, principles of geochemidry, an
understanding of AMD, and such data from seeps, groundwater resources, under the trusteeship
of the Forest Service, are likely to have been affected at the Blue Ledge Mine Site. Daylighted
groundweter at the sample location JCS2 shows metd concentrations in exceedance of both
drinking water standards and acute and chronic ALCs. A sample taken a JCS2 in April 2001
exceeded the MCL for copper and the state secondary standard for iron. Samples taken at JCS2
in September 2000 and April 2001 exceeded acute and chronic ALCs for cadmium, copper, and
zinc. In April 2001, the acute and chronic ALCs for copper were exceeded 400-fold and 566-
fold, respectively; the same sample showed an exceedance of the zinc ALCs of 42-fold. These
dataindicate that AMD at the mine has had a negative impact on groundwater.

4.3.3 Biologic Resources

Survey daa and water sampling indicate tha AMD from the Blue Ledge Mine is reaulting in
widespread impacts to aguetic life in Joe and Elliott Creeks. As discussed in Section 4.3.1,
concentrations of cadmium, copper, and zinc exceed acute and chronic ALCs intended to protect
of aguatic communities in Cdifornia.  Literature, some of which was used to derive the ALCs,
show that the metals concentrations found in Joe Creek downstream of the mine, have adverse
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effects, including mortdity, on meacroinvertebrates, fish, and amphibians. Surveys confirm that
such adverse effects have occurred due to AMD releases from the Blue Ledge Mine.

Macroinvertebrates

Surveys of macroinvertebrates indicate injuries have occurred due to AMD releases from the
Blue Ledge Mine.  Freshwater invertebrates are ubiquitous, even the most polluted or
environmentally extreme lotic environments (those with swift flowing waters) usudly contan
some representatives of this diverse and ecologicdly important group of organisms (Hauer and
Resh 1996). Hedthy aguatic systems of western United States montane rivers typicaly support
complex and diverse macroinvertebrate  communities  that  indude mayflies, Stoneflies,
caddisflies, and Diptera (midges, black flies, crane flies, etc.). However, survey data taken
indicate that Joe Creek cannot support even amargina macroinvertebrate community.

In September 2000 and May 2001, the Forest Service commissoned macroinvertebrate surveys
to invedigate the effect of the Blue Ledge Mine on the macroinvertebrate community within the
Nationd Forest up- and downstream of the Blue Ledge Mine (Parker 2000, 2001). The Rapid
Bioassessment Procedure was used for the two Joe Creek surveys as a method to identify
community dructure while minimizing time spent sorting and identifying organisms from large
samples (Resh and Jackson 1993). This method provides a comparison between reference sites
and stesthat may be affected by hazardous substances.

As shown in Map 3, the sampling Stes are in the same locations as those of the 2000 and 2001
sample dtes, unless there was no water present. The primary reference dtes are located
upstream of the mne area (Site F) and on Park Gulch (see Map 3). Park Gulch was sdlected as
an gopropricte reference dte because it is the northerly extenson of the Blue Ledge
minerdization. It is dso the only location within the watershed with Smilar minerd influences
as that found in Joe Creek and is not influenced by AMD from the Blue Ledge Mine. Two sites
are located on Elliott Creek gpproximately 50 to 100 m upstream and downstream of the
confluence with Joe Creek. The surveys documented a diverse invertebrate community above
the mine dte; whereas sample locations downstream of the mine discharge area in Joe Creek
were heavily impacted compared to reference sites (Parker 2000, 2001). (See Charts 5 and 6)

In the fal 2000 survey, macroinvertebrate densty and diversty were dramaticaly reduced from
the mine ste to 3 km beow the mine, compared to the community sampled upstream of mine
discharges (Parker 2000). Macroinvertebrate dendties and diversty at the fathest downstream
gtes did not gpproach those observed within Elliott Creek and a Park Gulch.

The soring 2001 survey, conducted in May when there was consderable surface flow from the
mine tributary entering Joe Creek, indicated even grester impacts on the benthic invertebrate
community then did the fal survey (Parker 2001). From the tributary that runs through the main
wadte pile on the mountainsde to a distance of over 2 km downstream, macroinvertebrates were
virtudly eiminated. As noted, invertebrate dendties were extremey low for the entire length of
Joe Creek downstream of the mine. The decrease in invertebrate densities observed downstream
of the mine is corrdated with the direct and indirect effects of the elevated meta concentrations.
Direct effects result from the exposure of invertebrates to elevated dissolved metds associated
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with the leachate from the Blue Ledge Mine — copper, cadmium, zinc, and iron. Indirect effects
caused by the releases of hazardous substances (dissolved metas) dso contributed to the injury
observed. A compaison of the fdl and spring survey suggests that the adverse effects to
meacroinvertebrate communities and stream hedth are most severe during the spring high flows
(Parker 2001). During spring, as supported by water quality data collected in 2000 and 2001,
high volumes of metds are pulsng through the sysem after a summer of oxidaion of the sulfide
deposits till found in the mine and its wadte.

Metals data taken in Joe Creek indicate that the lack of macroinvertebrates in Joe Creek is due to
AMD releases from Blue Ledge Mine. Streams experiencing environmental sresses often have
reductions in benthic macroinvertebrate density and diversity (Barbour et d. 1995). Norris et d.
(1990) showed ggnificant reductions in dengty and diversty of mayflies, doneflies, and
caddisflies in response to copper mine effluent.  Concentrations of copper as low as 25 ppb (790
ppb in Joe Creek; 73.5 ppb in Elliott Creek) have been corrdlated with 67-100% reduction in
ephemeroptera populations and 16-30% reduction in plecoptera populations (Clements, et d.,
1992). Clearly, concentrations in Joe Creek are much higher than these levels and result in the
low numbers of macroinvertebrates seen in Joe Creek. High levels of zinc (up to 774 ppb in Joe
Creek; 78.3 ppb in Elliott Creek) are dso a potentid source of injury to aguatic invertebrates.

Studies have shown that concentrations of 37 ppb result in 50% mortdity rates in embryos of
some diptera species (EPA 1980; EPA 1987). Concentrations of 30 ppb have been shown to
reduce growth rates as well as cause mortdity in ephemeroptera larvae, and concentrations of
100-300 ppb resulted in 100% mortdity (Hatekeyama, 1989).
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Amphibians

Stream-dwelling amphibians were sudied during the fadl and spring invertebrate surveys (Parker
2000, 2001). Various life stages of talled frog (Ascaphus truel) and Pacific giant sdlamander
(Dicamptodon tenebrosus) were found upstream of the mine in both surveys, however, very few,
if any, were found aong Joe Cresk from the mine to the confluence with Elliott Creek. These
data provide evidence of injury to amphibians from AMD downstream of the mine.

Amphibian survey data ae highly indicative of AMD effects on amphibian populaions
downstream of the Blue Ledge Mine. Various life stages of taled frog (Ascaphus truel) and
Pecific giant sdamander (Dicamptodon tenebrosus) were found upstream of the mine in both
aurveys; however, no amphibians were counted at the JC4 dte directly downstream of the mine
and a maximum of only three was found a any dSte further downsream (See Chat 7). This
pattern is consstent with metal concentration data taken in Joe Creek, particuarly that of copper.
The concentrations of copper found in Joe Creek are associaed with adverse effects and
mortdity in amphibians. In previous experiments with frog species, copper concentrations of 10
ppb resulted in 34-39% mortdity rate in embryos within four days of haiching (Birge and Black,
1979). Copper was detected at 79 times this level at the JC4 Ste and from 28 to 43.6 times this

levd a the other Joe Creek dtes downstream of the mine where amphibian impacts were
detected.
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Fish

Data from fish surveys taken on Joe Creek, examined in combination with the water quality data,
demondrate that hazardous substances from the Blue Ledge Mine have caused injury to fish
resources under the trusteeship of the Forest Service. Fish surveys were conducted by the Forest
Service in September 2000 (Reid 2000). Data from these fish surveys are displayed on Chart 8.
Rainbow trout (Oncorhynchus mykiss) and unidentified sculpins were found in Elliott Creek and
in Joe Creek immediately upstream of the confluence with Elliott Creek. No fish were found
upstream of this sampling location. Reid noted that trout captured within the mouth of Joe Creek
were dl young-of-the-year. He postulated that these fish probably entered Joe Cresk from Elliott
Creek rather than being the result of spawning in Joe Creek because no adult trout were found in
Joe Creek.

The absence of fish in Joe Creek is paticulaly driking when displayed on a mep of the
watershed showing the presence and absence of fish. Joe Creek is the only stream where fish are
absent in the watershed except for small reaches of certain streams where there are likely to be
physica barriersto fish (see Map 4, p. 32).

Rainbow Trout Observations in Joe and Elliott Creeks at Locations
Downstream of Joe Creek Fish Barrier
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Although impacts to fish from AMD have long been suspected, until the Forest Service
undertook a stream survey in 2001 it had not ruled out the possibility that physica festures of the
dream were respongble for limiting or excluding fish digribution. Thus, the express purpose of
this study was to diminate from congderation such explanation for the goparent lack of fish in
Joe Creek (Siskiyou Research Group 2001). This study concluded that “the results of this survey
show no physica reason Joe Creek could not support a resident trout population in the lower
204 miles’ (Siskiyou Research Group 2001). The study did find barriers to fish distribution,
however, within the 1.36 miles closest to the Blue Ledge Mine Site.

Metal concentrations detected in Joe and Elliott Creeks are much higher than those shown to
have adverse effects and high mortdity rates in rainbow trout and other fish. Sudies have
shown a 50% mortality rate in adult trout after 96 hours of exposure to water with just 13.8 ppb
copper (Buhl and Hamilton, 1990). Concentrations of copper in Joe Creek in areas downstream
of the Joe Creek fish barrier have been found up to 22.4 times this level in Joe Creek and 5.3
times this level in Elliott Creek downgtream of its confluence with Joe Creek. Concentrations of
zinc found in Joe Creek (up to 360 ppb in Joe Creek downstream of the fish barrier) have aso
been found a leves reaulting in harmful effects to fish. The LC-50 for zinc in rainbow trout
devins and larvae is reported as 10 ppb; the LC-50 for rainbow trout fry ranges from 90 to 93
ppb (EPA 1980; EPA 1987; Spear 1981). Avoidance in cutthroat trout was found downstream
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of a mining wagte dte in which meta concentrations were smilar to or below those found a the
Blue Ledge Mine (12 ppb copper; 1.1 ppb cadmium; 50 ppb zinc) (Hansen, et a. 1999). Reduced
growth and delayed sexud maturation has aso been associated with exposure to eevated
concentrations of As, Cd, Cu, Pb, Mn, and Zn (Kemble 1994). Cell death occurs in Cu-exposed
fish (Kamunde e d., 2001) and increased mortality occurs when trout consume contaminated
sediments (Mount et a., 1994).

Mammals and Avian Resources

No data have been collected that would help shed light on meta exposures to birds and
mammals. However, because such species frequent the area in which there is surface water
contaminated by metds released from the Blue Ledge Mine and dso because there is a possble
food chain pathway of exposure to such species, mammals and birds are considered by the Forest
Service to be resources potentialy affected by the releases from the Blue Ledge Mine.
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