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EXECUTIVE SUMMARY

The following provides a brief summary of the key findings of this report with regard to the
nature and extent of mining impacts to the natural resources of the Upper Arkansas River Basin (UARB)
(Figure ES-1). Thisreport was prepared in accordance with the parties to the Memorandum of
Understanding (MOU) and corresponding “Work Plan for the Upper Arkansas River Basin Consulting
Team: 11-Mile Reach, Downstream Survey, and Airshed Survey” (Work Plan). Consistent with the
remainder of the report, a summary is presented for the following:

. 11-Mile Reach of the Arkansas River — This areais defined as the 500-year floodplain
from the confluence of California Gulch with the Arkansas River to a point
approximately 11 miles downstream at its confluence with Two-Bit Gulch (Figure ES-2).
In this area, the Arkansas River is arelatively steep, wandering gravel-bed river. The 11-
mile reach of concern flowsin awide valley until it enters a canyon downstream of River
Mile 11. For the purpose of thisreport, River Mile O is at the junction of California
Gulch with the Arkansas River.

o Arkansas River Downstream from the 11-Mile Reach — The Downstream Area
includes the 500-year floodplain from the end of 11-mile reach to the dam at Pueblo
Reservoir (Figure ES-1).

. Airshed — The upland area surrounding L eadville, subject to historic smelter air
deposition (Figure ES-1).

According to the Work Plan, the characterization effort is to fulfill the following objectives for

the 11-mile reach:

o Description of the nature and extent of contamination;

. Maps of areas affected by mine-waste;

. Description of injuries to natural resources;

. Identification of potential contaminant pathways; and

. Definition of areas where restoration is needed to obtain a healthy, functioning ecosystem

and to mitigate exposure pathways.

According to these objectives, the findings regarding target restoration areas for the 11-mile reach
are al'so summarized. In addition, thisreport provides a literature review regarding potential injuries to
natural resources within the Downstream Area, as well as potential injuries that result from the release of
hazardous substances through smelter stack emissions and subsequent deposition in the surrounding
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airshed. The purpose of this literature review isto determine the type of information that is available for
evaluating the potential for injury to natural resources from the release of hazardous substances from

mining and smelting activities and to conduct a preliminary evaluation of injury.

The 11-Mile Reach

Historic and ongoing releases from up-gradient sources within the California Gulch NPL site and
historic releases of mine-waste now deposited within the 11-mile reach have resulted in past and present
injuries to surface water and sediments, soils, and terrestrial and aquatic biological resources. These
injuries were defined based on a comparison of conditions with the regulatory definitions, and by
comparison with conditions of the Arkansas River and its floodplain upstream of California Gulch inflow.
The Upper Arkansas River and its floodplain above the confluence with California Gulch was determined
to provide an appropriate (point of reference) for evaluating the impacts of mining.

Review of the historical record indicates that current injuries can be traced to the original
hydraulic placer mining activity of the late 1800s, with increasing levels of impact as hard-rock mining
occurred over the first half of the 20" century. Examination of recent dataindicates that response actions
within the NPL site have reduced the magnitude of injury to surface water, within the 11-mile reach.
Thereis corresponding evidence of recovery for components of the aquatic community in the 11-mile

reach.

By far, the largest ongoing impacts within the 11-mile reach are to the waters of the Arkansas
River. Although improved, current water quality immediately below the confluence with California
Gulch (Reach 1) grossly exceeds the relevant Colorado Table Vaue Standards (TV Ss) (Figures ES3A-E).
The degradation of surface water quality for the 11-mile reach of the Arkansas River is primarily due to
the metals load emanating from California Gulch.

Deposits of mine-waste in the floodplain are prevalent within the upper nine miles of the 11-mile
reach. On average, the deposits extend approximately two feet below the current ground surface and are
mostly isolated from contact with surface water and groundwater. Additionally, some surface soilswithin
the 11-mile reach have been contaminated through irrigation. Depositsin the first few miles below
California Gulch appear to be older, coarser mine-wastes, with higher concentrations of metals on average
than deposits in the more downstream portions of the 11-mile reach. The mine-waste deposits have
impacted soil function, inhibited or precluded riparian vegetation, and present a pathway for metals
exposure to terrestrial biota. Evidence of erosion of these deposits during periods of bankfull and
overbank flow was observed. However, studies examining the influence of these deposits on surface
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water and groundwater quality demonstrated that Arkansas River surface water concentrations were not
measurably influenced by the deposits. Metalsloading from leaching of mine-waste deposits, resulting in
exceedance of groundwater criteria, islimited to groundwater within and immediately adjacent to the
deposits. Thiswater appearsto be a shallow locally perched system and impacts to domestic water
supplies were not observed. The lack of impact is due to the small size of the mine-waste deposits
relative to the large volume of surface water and groundwater flow during bankfull conditions, and the
general condition of most mine-waste deposits not being in contact with surface water and groundwater
during most flow regimes.

Further downstream from California Gulch, the water quality of the Arkansas River improves due
to dilution from tributary inflows. Approximately three miles downstream, Lake Fork Creek joins the
Arkansas River. Lake Fork carries significant natural flow, aswell as large volumes of water diverted
from the Western Slope for downstream use. The dilution effects of the augmented flow are significant,
resulting in substantial reductions of metal concentrationsin the Arkansas River. Water quality and,
correspondingly, the condition of the aguatic communities continue to improve downstream as more
tributaries bring additional clean flows to the Arkansas River. However, at times, the concentrationsin
the river still exceed the TV Ss used to defineinjury.

Although beneficial from awater quality perspective, historically the highly increased flows due
to augmentation coupled with prior deposition of hydraulic mining spoils, have resulted in achangein
channel morphology, primarily abroadening of the active channel. The rapid flow increases and
unseasonal peak flows associated with flow augmentation contributes to accel erated bank erosion and loss
of irrigation head gates. Thisis most apparent below the confluence with Lake Fork, which receives west
slope water through Turquoise Lake. Grazing of the riparian zone may also be contributing to this
condition. Flow augmentation within the 11-mile reach has been reduced with the development of the
Mt. Elbert Tunnel in 1981, which transfers flow further downstream to Lake Creek. However, flow
augmentation of the Arkansas River continues both above California Gulch and through L ake Fork.

For the next several miles downstream of Lake Fork (Reach 2), the average metals concentration
of floodplain mine-waste deposits drops and the floodplain broadens. The volume of tailings deposits per
stream length is also less than upstream of Lake Fork. Thisismost likely due to the increased flow
capacity of the channel in this area, which would reduce the frequency of overbank flow conditions.

L ower average concentrations of metalsin floodplain depositsis also evident in Reach 3 (approximately
river miles 7, 8, and 9); however, the number of deposits increases as the wide, shallow channel through

this areais more prone to overbank flow. Over the remaining length of the 11-mile reach, the floodplain
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generally narrows. Only afew small deposits of mine-waste are present in Reach 4 due to the flushing

effect of the more efficient channel.

Instream deposits of fine-grained sediments/mine-wastes are not readily identifiable within the
11-milereach. Although elevated metals concentrations in instream sediments were measured and exceed
typical threshold values for toxicity, the course gravel cobble river bed limits the potential for this
exposure pathway. Because of the limited number of fine-grained, instream sediment samples for the 11-
mile reach, it is difficult to discern any spatial trends within thisrelatively short area. However, itis
expected that for the small amount of instream sediment in the system, a pattern of decreasing average

concentration as one moves downstream would exist.

The condition of the aquatic biological resources tends to correspond to improvements in water
quality. Although water quality improves substantially over the 11-mile reach, and fish and
macroinvertebrates are present, metals concentrations, toxicity testing and field studies indicate that
dissolved metals concentrations from California Gulch are still having a strong negative effect on
macroinvertebrates and fish. These effects are directly due to the elevated concentration of metalsin the
water column, and also due to food chain pathways where periphyton accumul ates water column metals,
in turn serving as afood source for grazing benthic macroinvertebrates. These metals are then available

for predatory macroinvertebrate species, as well asfor larger predators such as fish.

Flow augmentation and ongoing flushing effects of amplified and extended peak flows can
directly impact stream productivity. This occurs through alteration of the stream channel, which in turn
causes destruction of habitat. It isdifficult to separately quantify the effects on stream productivity due to
metals from those due to stream augmentation; however, the impacts on the density and diversity of
benthic macroinvertebrates and the numbers and health of brown trout are primarily due to the effects of
elevated metals concentrations. Even though water quality improves over the 11-mile reach, injuries due
to elevated dissolved metals concentrations in the Arkansas River continue.

Although the primary injuries within the 11-mile reach appear to be to the aquatic resources,
injuries to terrestria resources have been identified as well. Elevated metals concentrations in floodplain
sediment deposits have impacted soil function and exceed concentrations that cause phytotoxicity. In
turn, the lack of vegetation on these near-stream deposits reduces the productivity of riparian food sources
to the stream, and al so reduces habitat suitability through loss of shade and possible bank erosion.
Although similar impacts can occur from grazing or road building, the loss of vegetation due to mine-

waste deposits can be partially quantified through mapping efforts.
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Food chain exposure pathways for injury were documented for two avian species within the 11-
mile reach. Studies conducted by the U.S. Fish and Wildlife Service and U.S. Geological Survey show
that benthic macroinvertebrates and their adult emergent forms have elevated metal s-body burden and are
afood source for dippers and swallows, respectively. Ingestion of the terrestrial form of the aquatic
insects has resulted in injury due to elevated blood lead and decreased enzyme production in swallows.
Aswith the aquatic species, it appears that the general trend in injury is a decrease with the dilution
effects downstream.

Direct exposure to tailings deposits may be a concern for small mammals (e.g., mice or voles) or
other species that have a home range small enough that they would spend a majority of their timein direct
contact with a mine-waste deposit. However, no conclusive information was found describing this type
of injury. Although information is limited, it is estimated that for larger species of predators (e.g., fox,
coyote, etc.) and grazers (e.g., deer, etc.) the small amount of time spent in contact with the deposits,
given the large range of movement, would limit the potential for injury. This may not be true for
domestic livestock, where confined grazing occurs. However, it was not possible to distinguish impacts,
such as osteochondrosis, to elevated metals in soils and vegetation from possible non-mining related

nutrient imbal ances.

The following lists some of the overall findings of the site characterization summary:

. Water quality within the 11-mile reach of the Arkansas River is severely degraded due to
metals loading from California Gulch. Metals loading from California Gulch resultsin
gross exceedances of the acute and chronic State of Colorado TV Ss.

. Over the length of the 11-mile reach, water quality improves due to dilution from
tributary flows and attenuation of metals. Large inflows approximately three miles
downstream of California Gulch at the confluence with Lake Fork result in a halving of
most metals concentrations. However, even with additional tributary inflows further
downstream, exceedances of the TV Ss are still measured.

. The productivity and diversity of aguatic organisms, such as benthic invertebrates, are
linked to spatial trends in water quality. Large impacts on both diversity and abundance
are observed immediately downstream of California Gulch due to the toxic effects of the
metals |oad entering the river. However, at some downstream |locations, species more
sensitive to elevated metals concentrations (e.g., heptageniid mayflies) appear to have
increased.

. The health and abundance of trout within the 11-mile reach can a so be correlated with
changesin water quality. Resident trout are prevalent upstream from the confluence with
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Cdlifornia Gulch, absent immediately below California Gulch, and recover to some
degree further downstream with improvements in water quality due to tributary inputs.

. Metal s within the mine-waste deposits, adjacent soils, and the aquatic system are
available for uptake by plant and animal life. Examination of other aquatic and avian
species indicates that metals are moving from the dissolved form within the food chain.
Metal s concentrations within lower trophic levels (e.g., periphyton) result in elevated
metal s concentrations in aquatic insects that in turn serve as afood source for both
aquatic and avian species. Elevated metalslevels measured in trout organs may in part be
attributable to food chain exposure. Studies on tree swallows and dippers indicate that
metals in aquatic insects are accumul ating and have measurable endocrine system effects.

. Mine-waste deposits along the 11-mile reach are numerous and cover an area of
2,829,911 ft?, with an estimated volume of 2,698,514 ft*. Mine-waste deposits are
generally less than two feet in thickness. Metals-concentrations in these deposits range
from 48,320 mg/K g to 200 mg/K g for zinc, 575 mg/Kg to 48 mg/Kg for cadmium, 1,200
mg/K g to 46 mg/Kg for copper, and 11,525 mg/Kg to 85 mg/Kg for lead. Concentrations
in many of the deposits exceed criteriafor phytotoxic responses. Portions of these
deposits are barren due to a combination of phytotoxic conditions and lack of the
necessary organic material and soil nutrients.

. Floodplain soils peripheral to the mine-waste deposits also have elevated metals
concentrations. Flood and irrigation water carrying dissolved metals and particul ate
mine-wastes have increased metals concentrations in the top several inches of floodplain
soils. Although the concentration in floodplain soils is much less than in mine-waste
deposits, these metals can still increase plant tissue concentrations of metals.

. The reported occurrence of osteochondrosisin foals can be associated with el evated
cadmium or zinc interfering with copper metabolism, or a more direct effect of excessive
zinc from elevated concentrations in soils and vegetation. However, no site-specific
studies have been conducted to evaluate a cause and effect relationship between the
disease and metal concentrationsin forage.

. Although stream-bank deposits of mine-waste are eroding, the effect of these deposits on
dissolved and total metals concentrationsin surface water are not easily identifiable. This
isin part due to the overwhelming effect of metals load from California Gulch and
upstream areas on metals concentrations. However, the relatively small metals |oad
contributed from these source materialsis the primary reason for lack of observable
effects.

. L ocalized effects on shallow groundwater are evident within and immediately adjacent to
mine-waste deposits on the floodplain of the 11-mile reach. This observation is based on
anumber of wells associated with the mine-waste deposits placed in the very shallow
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water table (1 to 10 ft in depth) near the river. It is probable that the elevated metals
concentrations are due to a combination of infiltration of snowmelt and seasonal
interaction with shallow groundwater. Deeper groundwater wells demonstrate that the
effects of these source materials on groundwater quality rapidly dissipate with distance,
due to the large volume of groundwater flow within the floodplain. Portions of the
aquifer that provide a drinking water supply have not been injured.

. Non-mining influences on the condition of the resources were identified within the 11-
mile reach. Flow augmentation of the Arkansas River via Lake Fork tributary
(particularly prior to 1981) hasimpacted channel morphology and therefore instream
habitat. Increased and unseasonal peak flows can also affect the fishery. Although the
baseline influence of flow augmentation was identified, itsrole in reducing the
productivity of the aguatic and terrestrial systems could not be quantified.

. Prior to mining in the Upper Arkansas River Basin, the Upper Arkansas River between
Cdlifornia Gulch and Two-Bit Gulch was narrower than it istoday. An attempt to
determine channel width from General Land Office surveys in the 19™ century was not
successful, but nevertheless it is clear that the river was perhaps half its present width.
The channel aggraded and widened most likely with the introduction of coarse sediment,
which was aresult of hydraulic placer mining. With the addition of water from trans-
mountain diversions, the river widened further to its present dimensions. A reduction in
flow augmentation should cause channel narrowing, and examination of aerial
photographs suggests that the channel is less active at present.

The attached matrix provides a summary of SCR findings regarding injury sorted by resource category

and by reach.

Target Restoration Areas

The results of this characterization effort were used as a basis for identifying areas that would
benefit from restoration measures. This report presents the identification of the sources of hazardous
substances in order to identify pathways for exposure, thereby providing a focus for mitigation and
restoration.

California Gulch inflow has been identified as the primary pathway for exposure to elevated
metals concentrations in the Arkansas River within the 11-mile reach; however, this areais beyond the
scope of thisreport. California Gulch is currently being addressed through Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) actions, and it is recognized that
restoration efforts within the 11-mile reach will only provide limited benefit without additional metals-
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loading control measuresin California Gulch. Any level of improvement in the water quality of

Cdlifornia Gulch will in turn provide some benefit to the 11-mile reach.

Floodplain deposits of mine-waste have been targeted for restoration efforts. The lack of
vegetation, potential for erosion, and potential for exposure to high metals concentrations are key factors
in determining the need for restoration. USEPA has conducted analyses of the physical and chemical
properties of the mining deposits. Thisinformation was utilized in a classification analysis based on the
following criteria: erosion potential, vegetation cover, volume of material, and average zinc
concentration. The information was analyzed using a Geographic Information System (GIS), the results
quantified, and the deposits ranked according to priority level (Figure ES-4).

Floodplain soils have also been identified as a possible pathway for exposure to livestock. The
need for restoration in areas of the floodplain with elevated concentrations has been recognized, but the
level of injury to these resourcesis not easily defined. Therefore, these areas will be further analyzed in
the Restoration Alternatives Analysis Report.

The Downstream Area

A substantial amount of information is available for the characterization of condtionsin the
Downstream Area. Water quality has been well documented at numerous downstream locations over the
last 20 years. Injuries to surface water and associated aquatic biological resources were identified for
portions of the Downstream Area. Injuries within the Downstream Area are directly related to the
ongoing release of metals from historic mining sites within the headwaters and tributary drainages. The
level of injury to aquatic resources diminishes with distance from the mining sources. Although instream
metals concentrations have decreased since 1991, California Gulch continues to have the greatest

influence on Downstream Area water quality.

The presence of floodplain mine-waste deposits was not identified as a significant source of
injury within the Downstream Area. Discrete deposits of mine-waste are present only within afew very
small areas of Reach 5. Channel morphology and steep gradient coupled with the large overall volume of
sediment transport relative to mine-waste, limit the pontential for discrete floodplain deposits of mine-
waste below Granite. Although Pueblo Reservoir provides a sink for sediments, concentrations of mining
related metals are not at levels of concern. Based on the lack of discrete deposits and diminishing

concentrations, injuries to floodplain terrestrial resources were not identified below Reach 5.
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Exceedences of the Colorado TV S for Zinc are the most prevelant injury. Water quality in the
Arkansas River upstream of the confluence with Lake Creek at Granite (Reach 5) is essentially the same
aswithin Reach 4 of the 11-Mile Reach. As such, the level of injury to surface water and the aguatic
resources are consistent with Reach 4. Water quality improves dramatically below Granite where dilution
from Lake Creek reduces average metal s concentrations to levels similar to Reach 0. Although
exceedences of the TV Ss are observed for Reach 6, they are primarily related to periodic runoff from
California Gulch and other mined areas. The frequency and magnitude of TV S exceedences continues to
diminish with further distance downstream and increased flow. No exceedences were noted for Reach 9.

Injury to aquatic biological resources follows a pattern similar to water quality and can be linked
to releases from upstream sources. Injury to benthic macroinvertebrates due to poor water quality is
consistent with water quality improvements within Reach 6, benthic macroinvertebrates generally recover
to levels consistent with Reach O within Reach 6. A corresponding injury to migratory birds (depressed
ALAD in dippers) due to elevated metals levels in benthic macroinvertebrates was also identified across
Reaches5 & 6. Brown trout are inferred to be injured within Reach 5, based on water quality. Brown
trout recovery is not as obvious within the most upstream areas of Reach 6. However, the impacts of flow
regulation and poor habitat, downstream of Granite, may not be separated from potential metals

influences. Recovery of the brown trout fishery is evident further downstream (Reaches 7 & 8).

Asfor the 11-Mile Reach, the Downstream Area Reaches benefited from the control of upstream
mining sources such as treatment of California Gulch and the Leadville Mine Drainage Tunnel discharge.
Further recovery of the Downstream Areawill be dependent upon additional improvements of water
guality. Other than the presence of afew minor floodplain mine-waste deposits within Reach 5, there are

no potential target restoration areas within the Downstream Area.

Airshed

A reasonable amount of information exists to assess the extent of metals deposition from historic
smelter operationsin and around Leadville. Information was compiled from avariety of RI/FS efforts, as
well as from more recent efforts to characterize soil conditions throughout the UARB. The existing
information includes data from sampling of surficial soilsfor metals concentrations. Several of the metals
that were analyzed reflect a signature for smelter deposition. Using soil arsenic and lead concentrations,
it was possible to delineate a general pattern of smelter deposition. In most cases the deposition pattern
could beidentified. At all locations, atrend of decreasing concentration with distance was evident.

Based on these data, it does not appear that the distinct area of historic deposition extends much beyond
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the area defined by the mapping effort. Thereisno indication that deposition would have extended across
the divide to the east where suitable habitat and identified populations of penland al pine fen mustard

(Eutrema penlandii) are present in the Mosquito Range.
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4 Number of Samples 10 Number of Samples 1-2
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UPPER ARKANSAS RIVER BASIN
SITE CHARACTERIZATION SUMMARY
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CADMIUM, DISSOLVED
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MATRIX SUMMARIZING FINDINGS REGARDING |NJURY
SORTED BY RESOURCE CATEGORY AND BY REACH
FOR THE 11-MILE REACH OF THE
UPPER ARKANSAS RIVER BASIN



Summary of Injury Characterization

SURFACE WATER RESOURCES

Reach 1

Reach 2

Reach 3

Reach 4

Surface Water 1. Hasthe Resource Been Injured: Yes Has the Resource Been Injured: Yes Has the Resource Been Injured: Yes 1. Hasthe Resource Been Injured: Yes
- . 1 Description of Injury: Exceedence of the TVSsfor Cd, Cu, Ph, Description of Injury: Exceedence of the TVSsfor Cd, Cu, Pb, | 2. Description of Injury: Exceedence of the TVSsfor Cd, Cu, Pb,
2. Description of Injury: Exceedence of the TV Ss' for Cd, Cu, Pb, " . . . . - . . . . : . . . .

" . . . . 5 and Zn. Average dissolved zinc concentrations during Period 3 and Zn. Average dissolved zinc concentrations during Period 3 and Zn. Average dissolved zinc concentrations during Period 3
and zn. Avgrage Q|ssolved ne concajtrat|gns during Period 3 are 4 and 1.5 times higher than TV Ss during high and low flow, are 3and 1.5 times higher than TV Ss during high and low flow, are 3and 1.5 times higher than TV Ss during high and low flow,
are 4 and 5 times higher than TV Ss during high and low flow, - ) .

) respectively. respectively. respectively.
respectively.
Source of Injury: Ongoing metals releases from California Source of Injury: Ongoing metals release from California 3. Sourceof Injury: Ongoing metals release from California

3. Sourceof Injury: Runoff from historic mine sites contributes Gulch. Gulch. Gulch.
metalsin Reach 0°. On average, water quality upstream of ) o . o ) o
Reach 1 istypically near the TVSs. Inflow from California Extent of Injury: Surface water isinjured throughout Reach 2. Extent of Injury: Surface water isinjured throughout Reach 3. 4. Extent of Injury: Surface water isinjured throughout Reach 4.
Guich at the top of Reach 1 is responsible for large increases in Excegdences of the TV Ss occur and the freguency and Excegdenc& of the TV Ss occur and the frequency and Excegdences of the TV Ss occur and the freguency and
instream metals concentrations measured throughout Reach 1. magnitude of thqse gxceedences areafuncti Qn of upstregm . magnitude of those exceedences are a function of upstream magnitude of those exceedences are a function of upstream

sources. Some dilution of metals concentrations occursin this sources. sources.
. o reach due to the influence of flows from Lake Fork.
4. Extent of Injury: Surface water isinjured throughout Reach 1.
Although substantial exceedences of the TV Ss continue to
occur, water quality has improved compared to pre-1992
conditions. Improvements are due to treatment of discharges
from the Leadville Mine Drainage Tunnel on the East Fork of
the Arkansas River, the Yak Tunnel on upper California Gulch,
and ongoing remediation at the California Gulch Superfund Site.
Sediments 1. Hasthe Resource Been Injured: Yes Has the Resource Been Injured: Yes Has the Resource Been Injured: Yes 1. Hasthe Resource Been Injured: Yes

2. Description of Injury: Elevated concentrations of cadmium, Description of Injury: Elevated concentrations of copper and Description of Injury: Elevated concentrations of lead in Reach | 2.  Description of Injury: Elevated concentrations of lead in Reach
copper, lead, and zinc in sediments are found when compared to lead in Reach 2 sediments are found when compared to 3 sediments are found when compared to sedimentsin Reach 0. 4 sediments when compared to sedimentsin Reach 0. See
sedimentsin Reach 0. See benthic organisms for additional sedimentsin Reach 0. See benthic invertebrates for additional See benthic invertebrates for additional information. benthic invertebrates for additional information.
information. information.

Source of Injury: Metals are transported to the river by surface | 3. Source of Injury: Metals are transported to the river by surface

3.  Sourceof Injury: Metals are transported to the river by surface Source of Injury: Metals are transported to the river by surface waters and through overland runoff and erosion of mine wastes. waters and through overland runoff and erosion of mine wastes.
waters and through overland runoff and erosion of mine wastes. waters and through overland runoff and erosion of mine wastes. Primary source areaiis California Gulch. Primary source areais Caifornia Gulch.

Primary source areais California Gulch. Primary source areais Caifornia Gulch.
Extent of Injury: Metals datain sediments are very limited. 4. Extent of Injury: Metals datain sediments are very limited.

4. Extent of Injury: Metals datain sediments are very limited. Extent of Injury: Metalsdatain sediments are very limited. However, fine-grained sediments throughout the reach are However, fine-grained sediments throughout the reach are
The 11-mile reach of the Arkansas River is considered to be a However, fine-grained sediments throughout the reach are expected to have elevated metals concentrations. expected to have elevated metals concentrations.
sediment-poor system. Fine sediments have arelatively short expected to have elevated metals concentrations.
residence time in the 11-mile reach and only tend to be
deposited in areas of reduced water velocities. Recent data
indicate a reduction in sediment metals concentrations compared
to prior periods. However, metals concentrationsin fine-
grained sediments continue to be elevated throughout Reach 1.

GROUNDWATER RESOURCES
Groundwater 1. Hasthe Resource Been Injured: No Has the Resource Been Injured: No Has the Resource Been Injured: No 1. Hasthe Resource Been Injured:

2. Description of Injury: Although concentrations of cadmium Description of Injury: Although concentrations of cadmium Description of Injury: Although concentrations of cadmium No
exceed the drinking water MCL and zinc exceeds the exceed the drinking water MCL and zinc exceeds the secondary exceed the drinking water MCL and zinc exceeds the secondary | 2.  Description of Injury: There are no significant mine-waste
secondary MCL, the exceedences are not influencing MCL, the exceedences are not influencing drinking water MCL, the exceedences are not influencing drinking water deposits within Reach 4. Only afew very small deposits have
drinking water supplies. Elevated metals concentrationsin supplies. Elevated metals concentrations in shallow supplies. Elevated metals concentrations in shallow been identified within this reach. The volume of materid is
shallow groundwater are not causing injury to surface water. groundwater are not causing injury to surface water. groundwater are not causing injury to surface water. small and direct impact to the groundwater pathway is not a

3. Sourceof Injury: Contaminated surface water exchange Source of Injury: Contaminated surface water exchange Source of Injury: Contaminated surface water exchange coneemn:
between surface and subsurface flows. Leaching of metals between surface and subsurface flows. Localized contamination between surface and subsurface flows. Localized contamination | 3.  Source of Injury: Noinjury.
has increased concentrations in groundwater adjacent to adjacent to mine-waste deposits. adjacent to mine-waste deposits. 4 o )
mine-waste deposits. . Extent of Injury: Not determined.

Extent of Injury: Elevated metals concentrationsin shallow Extent of Injury: Elevated metals concentrationsin shallow
4. Extent of Injury: Elevated metals concentrationsin shallow groundwater decrease rapidly with depth and horizontal distance

groundwater (<10 ft depth) decrease rapidly with depth and
horizontal distance from a given mine-waste deposit.
Discharge of shallow groundwater with elevated metals
concentrations to the Upper Arkansas River has no
mesasurable effect on in-stream concentrations.

groundwater decrease rapidly with depth and horizontal distance
from a given mine-waste deposit. Additional information on
metals levelsin groundwater below 10" in depth should be
obtained to confirm extent of injury.

from a given mine-waste deposit. Additional information on
metals levelsin groundwater below 10’ in depth should be
obtained to confirm extent of injury.

1 TVS: Table Value Standards for State of Colorado surface water quality
2 period 3: Composite data record for 1992 to present
3 Reach 0: Segment of Upper Arkansas River upstream of California Guich

The matrices provide a brief summary of the information contained in the Site Characterization Report (SCR). The matrices are not intended to be used as stand alone documents but rather are to be used in conjunction with the SCR.
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Summary of Injury Characterization

Reach 1

Reach 2

Reach 3

Reach 4

GEOLOGIC RESOURCES: SOILS

Floodplain Soils 1. Hasthe Resource Been Injured: No Has the Resource Been Injured: No Has the Resource Been Injured: No 1. Hasthe Resource Been Injured:
2. Description of Injury: Total metal concentrationsin floodplain Description of Injury: Total metal concentrationsin floodplain Description of Injury: Total metal concentrationsin floodplain No
(riparian) soils are substantially higher than concentrations (riparian) soils are substantially higher than concentrations (riparian) soils are substantially higher than concentrations 2. Description of Injury: Thereisno evidence to indicate injury to
found in Reach 0. However, plant-available concentrations are found in Reach 0. However, plant-available concentrations are found in Reach 0. However, plant-available concentrations are floodplain (riparian) soilsin Reach 4. It is assumed that soil
in asimilar range to concentrations in Reach 0 and lower than in asimilar range to concentrations in Reach 0 and lower than in asimilar range to concentrations in Reach 0 and lower than metal concentrations in Reach 4 are lower than in Reach 3.
concentrations considered to be toxic to plants (see vegetation). concentrations considered to be toxic to plants (see vegetation). concentrations considered to be toxic to plants (see vegetation).
3. Sourceof Injury: Noinjury, although if soil metal
3.  Sourceof Injury: Noinjury, although metal concentrations are Source of Injury: Noinjury, although metal concentrations are Source of Injury: No injury, although metal concentrations are concentrations are elevated, it is assumed that these metals came
elevated in floodplain (riparian) soils and these metals are most elevated in floodplain (riparian) soils and these metals are most elevated in floodplain (riparian) soils and these metals are most from flooding.
likely from historic flooding and irrigation activities. likely from historic flooding and irrigation activities. likely from historic flooding and irrigation activities.
4. Extent of Injury: No dataavailable to define the extent of
4. Extent of Injury: Soil metal concentrations are elevated Extent of Injury: Soil metal concentrations are elevated Extent of Injury: Soil metal concentrations are elevated metalsin floodplain (riparian) soils.
throughout Reach 1, but below concentrations considered to be throughout Reach 2, but below concentrations considered to be throughout Reach 3, but below concentrations considered to be
toxic to plants. toxic to plants. toxic to plants.
SoilswhereFloodplain | 1. Hasthe Resource Been Injured: Yes Has the Resource Been Injured: Yes Has the Resource Been Injured: Yes 1. Hasthe Resource Been Injured: Yes
Mine-Waste Deposits
Exist 2. Description of Injury: Metal concentrations in mine-waste Description of Injury: Metal concentrationsin mine-waste Description of Injury: Metal concentrations in mine-waste 2. Description of Injury: Some small mine-waste deposits exist in
deposits exceed toxicity thresholds for plants and plant growth deposits exceed toxicity thresholds for plants and plant growth deposits exceed toxicity thresholds for plants and plant growth Reach 4, but they have not been quantified with respect to
has been substantially reduced on most sites where mine-waste has been substantially reduced on most sites where mine-waste has been substantially reduced on most sites where mine-waste chemical properties and plant cover.
deposits occur. Of 24 deposits along Reach 1, 14 have poor deposits occur. Of 35 deposits along Reach 2, 2 have poor deposits occur. Of 94 deposits along Reach 3, 26 have poor
vegetation cover (10% cover), 9 deposits have fair vegetation vegetation cover (10% cover), 19 deposits have fair vegetation vegetation cover (10% cover), 56 deposits have fair vegetation 3. w: Fluvial deposition of mine-waste material
cover (10-50% cover), and 1 deposit has good vegetation cover cover (10-50% cover), and 14 deposits have good vegetation cover (10-50% cover), and 12 deposits have good vegetation during flood events.
(>50% cover). cover (>50% cover). cover (>50% cover). 4. Extent of Injury: Not enough information exists to draw
3. Sourceof Injury: Fluvial deposition of mine-waste material Source of Injury: Fluvial deposition of mine-waste material Source of Injury: Fluvial deposition of mine-waste material conclusions about injury to vegetation at locations where
during flood events. during flood events. during flood events. deposits occur. However, only several small accumulations of
mine waste were observed in Reach 4.
4. Extent of Injury: Mine-waste deposits cover a surface area of Extent of Injury: Mine-waste deposits cover a surface area of Extent of Injury: Mine-waste deposits cover a surface area of
approximately 18 acres, with a volume of approximately approximately 9 acres, with a volume of approximately 233,000 approximately 37 acres, with a volume of approximately
887,000 ft°. Of the 24 deposit groupsin this reach, 11 are ft°. Of the 35 deposit groupsin this reach, 3 are ranked asa 1,578,300 ft%. Of the 94 deposit groupsin thisreach, 13 are
ranked as a high priority for restoration, 11 are ranked as high priority for restoration, 27 are ranked as moderate priority, ranked as a high priority for restoration, 69 are ranked as
moderate priority, and 2 are ranked as low priority. The and 5 are ranked as low priority. The potential for these moderate priority, and 12 are ranked as low priority. The
potential for these deposits to influence metals concentrationsin deposits to influence metals concentrations in both surface water potential for these deposits to influence metals concentrationsin
both surface water and groundwater is limited by the shallow and groundwater is limited by the shallow thickness of the both surface water and groundwater is limited by the shallow
thickness of the deposits and corresponding small loading deposits and corresponding small loading potential relative to thickness of the deposits and corresponding small loading
potential relative to the large volume of surface and the large volume of surface and groundwater moving through potential relative to the large volume of surface and
groundwater moving through the valley. the valley. groundwater moving through the valley.
BIOLOGICAL RESOURCE
Vegetation 1. Hasthe Resource Been Injured: Yes Has the Resource Been Injured: Yes Has the Resource Been Injured: Yes 1. Hasthe Resource Been Injured: Yes
2. Description of Injury: Cover, biomass, and number of species Description of Injury: Cover, biomass, and number of species Description of Injury: Cover, biomass, and number of species 2. Description of Injury: Field observations confirm that
of plants growing on floodplain (riparian) soilsin Reach 1 are of plants growing on floodplain (riparian) soilsin Reach 2 are of plants growing on floodplain (riparian) soilsin Reach 3 are vegetation is productive and shows no signs of injury associated
equal to or greater than Reach 0. All tissue metal concentrations equal to or greater than Reach 0. Tissue metal concentrations of equal to or greater than Reach 0. All tissue metal concentrations with elevated metal concentrationsin floodplain (riparian) soils.
are below thresholds considered to be toxic to perennial species. zinc arein the toxic range for grasses and forbs. Vegetation has are below thresholds considered to be toxic to perennial species.
However, vegetation has been injured where most mine-waste been injured where most mine-waste deposits occur (see mine- However, vegetation has been injured where most mine-waste 3. Sourceof Injury: Source of injury islimited to elevated metals
deposits occur (see mine-waste deposits). waste deposits). deposits occur (see mine-waste deposits). in mine-waste deposits. However, there are several small mine-
waste deposits that lack adequate vegetation indicating injury to
3.  Sourceof Injury: Available data does not indicate injury to Source of Injury: Metal deposition on floodplain (riparian) soils Source of Injury: Available data does not indicate injury to vegetation in these locations.
vegetation growing on floodplain (riparian) soils. Source of from flooding and irrigation activities and elevated metalsin vegetation growing on floodplain (riparian) soils.
injury islimited to elevated metals in mine-waste deposits. mine-waste deposits. 4. Extentof Injury: Injury to vegetationis limited to afew small
Extent of Injury: Injury to vegetation is limited to mine-waste mine-waste deposits where vegetation cover isless than 50%.
4. Extent of Injury: Injury to vegetation is limited to mine-waste Extent of Injury: Available dataindicates that zinc deposits where vegetation cover isless than 50%.

deposits where vegetation cover isless than 50%.

concentrations in plant tissue are high enough to cause injury to
plants growing on floodplain (riparian) soils. However, with
existing data, it is not possible to determine the geographic
extent or degree of injury. Injury also exists on mine-waste
deposits where vegetation cover is less than 50%.

The matrices provide a brief summary of the information contained in the Site Characterization Report (SCR). The matrices are not intended to be used as stand alone documents but rather are to be used in conjunction with the SCR.
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Summary of Injury Characterization

Reach 1 Reach 2 Reach 3 Reach 4
Benthic Organisms Has the Resource Been Injured: Yes Has the Resource Been Injured: Yes Has the Resource Been Injured: Yes 1. Hasthe Resource Been Injured: Uncertain
Description of Injury: Reduced abundance and species richness Description of Injury: Reduced abundance and species richness Description of Injury: Reduced abundance and speciesrichness | 2.  Description of Injury: Insufficient datato determine injury.
of benthic macroinvertebrates; elevated metal levelsin of benthic macroinvertebrates; elevated metal levelsin of benthic macroinvertebrates; elevated metal levelsin
periphyton. periphyton. periphyton. 3. Sourceof Injury: n/a
Source of Injury: Elevated metal levelsin water and periphyton Source of Injury: Elevated metal levelsin water and periphyton Source of Injury: Elevated metal levelsin water and periphyton 4. Extentof Injury: n/a
from California Gulch. from California Gulch. from California Gulch.
Extent of Injury: Benthic macroinvertebrate communities are Extent of Injury: Benthic macroinvertebrate communities are Extent of Injury: Benthic macroinvertebrate communities are
severely degraded in Reach 1. Greatest effects are observed moderately degraded in Reach 2. In particular, thereach is slighty degraded in Reach 3. Greatest effects are observed
during spring runoff. characterized by reduced abundance of metal-sensitive during spring runoff. Improvement in community composition
organisms. Greatest effects are observed during spring runoff. and abundance of metal-sensitive taxa has been observed since
1992.
Brown Trout Has the Resource Been Injured: Yes Has the Resource Been Injured: Yes Has the Resource Been Injured: Yes 1. Hasthe Resource Been Injured: Yes
Description of Injury: Greatly reduced abundance and biomass. Description of Injury: Reduced abundance and biomass. Description of Injury: Reduced abundance and biomass. 2. Description of Injury: Reduced abundance.
Source of Injury: Elevated metal concentrationsin water and Source of Injury: Elevated metal concentrationsin water and Source of Injury: Elevated metal concentrationsin water and 3. Sourceof Injury: Elevated metal concentrationsin water and
benthic macroinvertebrates from California Gulch. benthic macroinvertebrates from California Gulch. benthic macroinvertebrates from California Gulch. benthic macroinvertebrates from California Gulch.
Extent of Injury: Fish populationsin Reach 1 are characterized Extent of Injury: Fish populationsin Reach 2 are characterized Extent of Injury: Fish populationsin Reach 3 are characterized | 4. Extent of Injury: Brown trout sampling in Reach 4 after 1992 is
by reduced abundance, biomass and very poor recruitment. A by reduced abundance, biomass and poor recruitment. by reduced abundance, biomass and poor recruitment. A limited, and the extent of injury is difficult to determine. A
recently published report by Nehring & Policky 2002 evaluated However, there is some improvement in conditions compared to recently published report by Nehring & Policky 2002 evaluated recently published report by Nehring & Policky 2002 eval uated
trendsin trout populations over the last 16 years. This report Reach 1. A recently published report by Nehring & Policky trends in trout populations over the last 16 years. This report trendsin trout populations over the last 16 years. This report
indicates continued improvement in brown trout fishery. It 2002 evaluated trends in trout populations over the last 16 years. indicates continued improvement in brown trout fishery. It indicates continued improvement in brown trout fishery. It
states that if this trend continues over the next several years, it This report indicates continued improvement in brown trout states that if this trend continues over the next several years, it states that if this trend continues over the next several years, it
may be strong empirical evidence that the efforts at ameliorating fishery. It statesthat if this trend continues over the next several may be strong empirical evidence that the efforts at ameliorating may be strong empirical evidence that the efforts at ameliorating
heavy metal pollution are beginning to have a positive effect on years, it may be strong empirical evidence that the efforts at heavy metal pollution are beginning to have a positive effect on heavy metal pollution are beginning to have a positive effect on
the trout population. ameliorating heavy metal pollution are beginning to have a the trout population. the trout population.
positive effect on the trout population.
Small Mammals Has the Resource Been Injured: No Has the Resource Been Injured: No Has the Resource Been Injured: No 1. Hasthe Resource Been Injured: No
Description of Injury: Based on comparisons of exposure data Description of Injury: Metals concentrations do not exceed Description of Injury: Based on comparisons of exposure data 2. Description of Injury: Based on comparisons of exposure data
(vegetation & soils) from Reaches 0, 2 and the NPL site; benchmark values. Histopathology shows no signs of injury. (vegetation & soils) from Reaches 0-2 and the NPL site; (vegetation and soils) from Reaches 0-3, potential exposurein
potential exposure in Reach 1 would not result in injury to small potential exposure in Reach 3 would not result in injury to small Reach 4 would not result in injury to small mammals.
mammals. Tissue concentrations and pathology data from the Source of Injury: Exposure occurs primarily viathe food chain mammals.
NPL site and Reach 2 (representing higher areas of exposure) and soils. 3. Sourceof Injury: There are no specific datafor Reach 4.
did not show indications of injury. . o ) Source of Injury: There are no specific data for Reach 3. Exposure would occur primarily viathe food chain and soils.
Extent of Injury: Existing dataare for herbivorous small Exposure would occur primarily viathe food chain and soils.
Source of Injury: There are no specific datafor Reach 1. mammals. Insectivorous small mammals may be exposed to 4. Extent of Injury: Existing data are for herbivorous small
Exposure would occur primarily via the food chain and soils. higher metal concentrations, but they are also more tolerant of Extent of Injury: Existing data are for herbivorous small mammals. Insectivorous small mammals may be exposed to
metals exposure and injury is not expected to occur. mammals. Insectivorous small mammals may be exposed to higher metal concentrations, but they are also more tolerant of
Extent of Injury: Existing data are for herbivorous small higher metal concentrations, but they are also more tolerant of metals exposure and injury is not expected to occur.
mammals. Insectivorous small mammals may be exposed to metals exposure and injury is not expected to occur.
higher metal concentrations, but they are also more tolerant of
metals exposure and injury is not expected to occur.
Migratory Birds Has the Resource Been Injured: Yes Has the Resource Been Injured: Yes Has the Resource Been Injured: Yes 1. Hasthe Resource Been Injured: Yes
Description of Injury: Possible elevated lead tissue Description of Injury: Lead concentrations in tissues are Description of Injury: ALAD levelsare significantly different 2. Description of Injury: Possible elevated lead tissue
concentrations and suppressed ALAD. significantly higher than the Control Site and study Reference than the study Reference Area and suppression is > 50%, lead concentrations and suppressed ALAD.
Area. tissue concentrations are significantly higher than the Control
Source of Injury: Aquatic invertebrates. Site and study Reference Area. 3. Sourceof Injury: Aquatic invertebrates.
Source of Injury: Aquatic invertebrates.
Extent of Injury: Because birds move between reachesit is 4. Extent of Injury: Because birds move between reachesit is

assumed that metals exposure in Reaches 2 and 3is
representative of the typical metals exposure throughout the 11-
milereach.

Extent of Injury: All birds foraging on aquatic invertebratesin
the 11-mile reach are potentially exposed to elevated metals
concentrations and may experience ALAD inhibition.

Source of Injury: Aquatic invertebrates.

Extent of Injury: All birds foraging on aquatic invertebratesin
the 11-mile reach are potentially exposed to elevated metals
concentrations and may experience ALAD inhibition.

assumed that metals exposure in Reaches 2 and 3 is
representative of the typical metals exposure throughout the 11-
mile reach.

The matrices provide a brief summary of the information contained in the Site Characterization Report (SCR). The matrices are not intended to be used as stand alone documents but rather are to be used in conjunction with the SCR.
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PREFACE
Prepared by the MOU Parties

The environmental cleanup of mining related contamination in the historic California Gulch
Mining District in and around Leadville, Colorado, has been ongoing for many years under the
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA). In March 1999,
the federal and state governments and some private parties entered into a Memorandum of Understanding
(MQOU) to begin evaluating potential injuriesto natural resources which may have been caused by mining
related contamination from the California Gulch Superfund Site, and to evaluate alternatives for restoring,
acquiring the equivalent of or replacing injured natural resources. The parties to the MOU are the federa
and state trusties for natural resources (the U.S. Department of the Interior, acting principally through the
U.S. Fish and Wildlife Service, the Colorado Department of Natural Resources, the Colorado Attorney
General’s Office), the U.S. Environmental Protection Agency (USEPA), and the mining companies
(Resurrection Mining Company and Newmont Mining Corporation, ASARCO, Incorporated, and the

Res-Asarco Joint Venture).

The MOU facilitated a cooperative process of: (a) assessing potential injuriesto natural resources
in the Upper Arkansas River Basin, (i.e., the Arkansas River from its headwaters downstream to the
Pueblo Reservoir as further described in this report), attributable to historic mining activitiesin and
around Leadville, Colorado, and developing restoration alternatives; and (b) coordinating the natural
resource damage (NRD) process with investigations and potential response actions in that portion of the
Upper Arkansas River immediately downstream of the confluence of the Arkansas River and California
Gulch, which isreferred to in this report as the “ Eleven-Mile Reach.” To further the development and
exchange of information for settlement purposes, the MOU parties hired ateam of experts (the
“Consulting Team”) from the fields of terrestrial biology, toxicology, aquatic biology/water quality,
fluvial geomorphology, and habitat restoration/revegetation. The MOU parties directed the Consulting
Team to complete two tasks: (1) compile and evaluate the data available for the Upper Arkansas River
Basin downstream from the confluence with California Gulch; and (2) identify and evaluate alternatives
for restoring impacted natural resources. The issuance of the Site Characterization Report (SCR) marks
completion of thefirst task. The Consulting Team’s second task is an analysis of alternatives for
restoring thoses natural resources impacted by mining related activities as described in the SCR.

The analysis of the Consulting Team represents its own independent views, which are not
necessarily shared or endorsed by any of the MOU parties. Furthermore, the federal and state government

agencies retain their sole decision-making authorities regarding the determination of injuriesto, and
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restoration of, natural resources, and any other matters discussed in this SCR or the forthcoming
restoration alternatives report. The governments will provide for an opportunity to comment on any
proposed restoration plan. Finally, the participation by any party in the MOU process should not be

considered an admission of responsibility or liability for any injury to natural resources.
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GLOSSARY OF TERMS

500-Y ear Floodplain — Area of land that borders a stream and is subject to inundation under flood stage
conditions associated with a 500-year flood event

Abundance — Density or number of organisms on a per unit or per volume basis

Airshed — Area of deposition of smelter-stack emissions

Alluvial — Pertaining to or composed of alluvium, or deposited by a stream or running water
Amalgamation Process— A process of gold or silver recovery in which the ore, finely divided &
suspended in water, is passed over asurface of liquid mercury to form an amalgam that is subjected to fire
for refining

Background — Refers to constituents or locations that are not influenced by the releases from a site, and
is usually described as naturally occurring: substances present in the environment in forms that have not
been influenced by human activity, or anthropogenic: natural and human-made substances present in the
environment as aresult of human activities (not specifically related to the release in question) (USEPA
OSWER 9285.6-07P)

Baseline — Condition that would have existed at the assessment area had arelease of a hazardous
substance not occurred (43 CFR 11.14 (e))

Benchmark — A well-defined value or condition used as a point of comparison

Benthic I nvertebrates, Benthic M acroinvertebrates, M acr oinvertebrates — Invertebrates (primarily
aguatic insects) generally associated with bottom habitats in lakes and streams. These organisms play an
important role in regulating processes in aquatic systems and are an important component in the diet of
fish.

Bioavailable—In aform that can be taken up by plants and animals

Biological Resources— All plants and animals

Biomass — Weight of living material (plant/animal), usually expressed as dry weight per unit area
Biota — All living organisms found within a certain area

Bryophyte —A group of organisms commonly found associated with hard-bottom substrate in high
gradient streams. Because these organisms accumul ate heavy metals and other contaminants, they are

often used as indicators of potential exposure.

Colloids — Solids that remain suspended in the aqueous phase, but which influence the partitioning of
metal s through sorption and coprecipitation

Contaminant — Any physical, chemical, biological, or radiological substance or matter that has an
adverse effect on air, water, or soil (USEPA)

Control Area— Area or resource not affected by the release of a hazardous substance

DTPA (diethylenetriaminepentacetic acid) — Commonly refersto an analytical soil test developed to
simultaneously extract macro and micro nutrients
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GLOSSARY OF TERMS
Continued

Diatom — Unicellular primary producers generally found attached to hard substrate (e.g., cobble and
boulders) in streams. These organisms are a major food source for many groups of aguatic insects

Ecosystem — All the interacting parts of the physical and biologica world
Exposur e — Occurs when a natural resource comes into physical contact with a hazardous substance
Floodplain — Area of land that borders a stream and is subject to inundation under flood stage conditions

Flotation Milling — A process to separate ore from host rock utilizing gravity separation within afluid
bath

Fluvial — Of or pertaining to ariver or rivers

Gaging Station — The site on a stream, river, lake or canal where hydrologic data are collected
Geographic Information System (GIS) — A map based database that allows users to acquire, store,
manipulate, analyze and display spatial data. Plots locations of information on maps using latitude and

longitude

Geomor phology — The study of the history of geologic changes through the interpretation of topographic
forms

Groundwater — The supply of fresh water found benesth the earth’ s surface (usually in aquifers) that is
often used for supplying wells & springs

Habitat — Place where an animal or plant normally lives, often characterized by a dominant form or
physical characteristic (e.g., stream habitat, forest habitat)

Hard Rock Mining —Mining that takes place in igneous & metamorphic rock by means of drilling &
blasting to extract the ore

Hazar dous Substances — By-products of society that can pose a substantial or potential hazard to human
health or the environment when improperly managed. Possesses at least 1 of 4 characteristics
(ignitability, corrosivity, reactivity or toxicity) or appears on special USEPA lists

Her baceous —Non-woody plant species such as grasses and forbs (herbs)

Histopathology — A branch of pathology concerned with microscopic tissue changes characteristic of
disease or exposure to a contaminant

Hydraulic Mining — Mining by washing sand and dirt away with water that leaves the desired mineral
Hydrology — The science of dealing with the occurrence, distribution and circulation of water

Injury — A measurable adverse change, either short- or long-term in the chemical, physical quality or the
viability of a natural resource resulting either directly or indirectly from exposure to arelease of a

hazardous substance

Kriging Analysis— Interpretation of spatial data using geostatistical methods
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GLOSSARY OF TERMS
Continued

Metals L oading — Mass of metals that are discharged into a receiving system

Mine-waste — Rejected mineral waste and unweathered geologic material that remains after such
processes as mining and/or milling

Natural Resources—Land, fish, wildlife, biota, air, water, groundwater, drinking water supplies, and
other such resources belonging to, managed by, held in trust by, appertaining to, or otherwise controlled
by the United States (including the resources of the fishery conservation zone established by the
Magnuson Fishery Conservation and Management Act of 1976), any State or local government, any
foreign government, any Indian tribe, or, if such resources are subject to a trust restriction on alienation,
any member of an Indian tribe. These natural resources have been categorized into the following five
groups. Surface water resources, ground water resources, air resources, geologic resources, and biological
resources (43 CFR 14 (2))

Operable Unit (OU) — Term for a portion of or a separate activity undertaken as part of a Superfund site
cleanup

Ore— A mineral containing a valuable constituent (e.g., metal) for which it is mined
Osteochondrosis— A bone formation disease where cartilage does not turn to bone as normally occurs
during the time of bone formation. Because cartilage is retained, the shape of the forming bone may be

atered and the joints become swollen, culminating in slight to severe lameness

Pathways — The route or medium through which a hazardous substance is or was transported from the
source of release to the natural resource

Paucity — Scarce or smallness in quantity

Periphyton — Attached algae and associated biotic and abiotic materialsin lakes and streams. This
material isamajor food source for many groups of aquatic insects

Physiological — Characteristics of or appropriate to an organism'’s healthy or normal functioning
Phytotoxicity — Causing a measurable reduction in plant growth or mortality

Placer Mining — Obtaining minerals from glacial or alluvial deposits of sand or gravel by washing or
dredging

Plant-Available—In aform that can be absorbed by plants

Plant Cover — A measure of the percent of the ground surface covered with live vegetation

Plant Production — A measure of the plant mass expressed on a per unit basis (e.g., g/m? or Ibs/acre)
Pyrometallurgical Process— Metallurgy dependent on heat (e.g., roasting & smelting)

Reach — Stream segment

Reference Site— A location used as a point of comparison for the purpose of establishing a baseline
condition
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GLOSSARY OF TERMS
Continued

Release — Any spilling, leaking, pumping, pouring, emitting, emptying, discharging, injecting, escaping,
leaching, dumping, or disposing into the environment (including the abandonment or discarding of
barrels, containers, and other closed receptacles containing any hazardous substance or pollutant or
contaminant)... (40 CFR 300.5 (22))

Remedial I nvestigation — An in-depth study designed to gather the data necessary to determine the
nature & extent of contamination at a Superfund site; establish criteriafor cleaning up the site; identify
preliminary remedial alternatives for remedial actions; and support the technical & cost analyses of the
alternatives

Riparian Zone — Areaof land that borders a stream that is located between standing water and uplands.
Plant growth in this areaisinfluenced by additional water associated with the stream system

Services— The physical and biological functions performed by the resource including the human uses of
those functions. These services are the result of the physical, chemical, or biological quality of the
resource (43 CFR 11.14 (nn))

Seston — Organic and Inorganic particulate materials suspended in the water column

Species Richness — Number of species at a particular place and time

Tailings— Rejected mineral waste that remains after milling

Terrestrial — Pertaining to the land, as distinct from air and water

Terrestrial Biota— Plants and animals that live on the land

Threshold Values— A concentration or value, below which a biological response cannot be detected

Total Dissolved Solids— The amount of material (e.g., inorganic salts and small amounts of organic
material) dissolved in water and commonly expressed as a concentration in terms of mg/L

Total Suspended Solids — Particulate matter in the water column

Waste Rock — Non ore-bearing host rock separated from the ore at the mine-site
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