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I. Scope of Work

The overall objective of this study was to develop a Remedial Investigation/Feasibility
Study (RI/FS) for the Catholic 40 (Quapaw Waste) site. The study results are based on a review
of the current literature and field and laboratory data collected as a result of two field sampling
trips.

The literature review initially focused on descriptive information regarding the
geomorphology/geology, climate, hydrology and history of the Picher Mining Field and the
evolution of the Tar Creek Superfund site. In addition, general information regarding the
environmental impacts and human health hazards associated with the abandoned mines was
collected. Most importantly, the current literature was surveyed to identify candidate technologies
for remediating the land and surface waters of the Catholic 40 site. Process information including
performance data and design parameters were collected and synthesized for the most promising
remediation technologies.

The environmental sampling data were utilized to assess the water gquality conditions of
Beaver Creek, the chemical characteristics of the discarded chat, and the impacts of the chat on
the surface soils of the Catholic 40 site. The analytical data were used in combination with the
available process information to evaluate the alternative technologies as to their technical and
economic feasibility. The overall remediation plan for the Catholic 40 site had to meet the
following criteria:

- improve the water quality of the stream traversing the Catholic 40 recreational area such
that it will support warm water fishing and body contact recreation activities

- re-contour the surface topography to accommodate overnight camping and associated
recreational activities

- restore vegetative cover

- address use and/or disposal of the accumulated volumes of chat material

- include a cost estimate for each component of the overall plan.

Deliverables
Project deliverables included 35% and 65% progress reports and a Final Project report.
The contents of each deliverable and schedule of activities are outlined below:

1. 35% Progress Report (Due 2/16/00)
overview of the literature
discussion of field activities
identification of environmental impacts
2. 65% Progress Report (Due 3/30/00)
identify alternative remediation technologies
advantages/disadvantages
3. 100% Final report (Due 4/7/00)
overview of the literature
discussion of field activities
identification of environmental impacts
identify alternative remediation technologies
advantages/disadvantages
identify preferred alternative
scope design
cost estimate



This document and the attached appendices represent the Final Report for the project. Information
contained in the report was developed from documents submitted by the following three student
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I1. Background Information

Site History

The Picher Mining Field is part of a former lead and zinc mining area known as the
Tri-State Mining District covering parts of Oklahoma, Kansas and Missouri (Figure 11-1).
Significant quantities of lead and zinc were produced from the Tri-State District from about
1900 to the 1960s. Peak production occurred in the early 1920s when the mines accounted for
over 55% of total U.S. zinc production. Although production decreased, the area continued to
be an important ore-producing region throughout the 1930s and 1940s. During World War I,
tailings were reprocessed two or three times to facilitate zinc recovery. Ore production through
the early 1960s was over 7 million tons of zinc and slightly less than 2 million tons of lead.
However, by the late 1950s, depressed global markets resulted in the suspension of most
mining operations. Mining ceased by the early 1970s (McKnight and Fischer, 1970).
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Figure 11-1. a) Location of Tar Creek Superfund site in Ottawa County, OK; b) Approximate
boundary of, and several local communities, located in the Superfund site.

Approximately 1,000 hectares (2,500 acres) are underlain by underground mines in all or
part of 47 sections in northeastern Oklahoma (Luza,1983). During mining, large capacity
dewatering operations pumped approximately 50,000 cubic meters (over 13 million gallons) of
water per day (Reed et al., 1955) from the mines. Upon cessation of mining, groundwater began
to accumulate in the mine voids. Approximately 94 million cubic meters (76,000 acre-feet) of
contaminated water exist in the underground voids. In late 1979, acidic metal-rich waters began
to discharge into Tar Creek from natural springs, boreholes and abandoned mine shafts. Two



major discharge points developed. In general, water quality of the discharges was originally
characterized as follows: pH 3.6-5.7, 80 ug Pb/L, 154,000 ug Zn/L, 80 pg Cd/L and 331,000 ug
Fe/L (USEPA, 1999).

Over the course of the approximately 70 years that mines in the Picher Field operated,
10.3 km? (2,540 acres) of land were undermined in Ottawa County (USEPA, 1997). The mining
operations left large quantities of mining waste on the surface as piles of chat and tailings pond
sediment. According to Frank J. Cuddeback,general manager of Eagle-Picher’s Tri-State
operations, the chat pile at the central mill near Commerce, OK was about 91.4 m (300 ft) high
and contained 12 million metric tons of chat (Tulsa Tribune, 1976). Approximately 37 million
cubic meters (48 million cubic yards) of chat now litter the land surface in large piles. Also,
approximately 325 hectares (800 acres) of tailings ponds exist on site. Typical concentrations of
metals found in the chat and tailings ponds are shown in Table I1-1.

Table 11-1. Metals Concentrations in Chat and Tailings Ponds

Source Pb (mg/kg) Zn (mg/kg) Cd (mg/kg)
Chat 750 8,300 46
Tailings Pond 3,800 21,600 124

The chat piles that remain, besides being unsightly, are a source of heavy metal
contamination to surface water and stream sediments (Spruill, 1987). Carroll et al. (1998) report
median in-stream Tar Creek sediment concentrations of 3.59 weight % for Fe, 1.76 weight % for
Zn, as well as 433 mg Pb/kg and 58 mg Cd/kg. Significant reductions in native macroinvertebrate
and fish populations in Tar Creek have been documented (Aggus et al. 1983).

The near surface aquifer, the Boone Formation, was mined and is severely contaminated.
The Roubidoux Formation, a deeper aquifer at 325 m (1100 feet) below the surface, serves as a
drinking water supply and has demonstrated limited contamination due to boreholes and leaky
abandoned wells connecting the aquifers (USEPA, 1999).

The site was proposed for the Comprehensive Environmental Response, Compensation
and Liability Act (Superfund) National Priorities List (NPL) on July 27, 1981, and received final
listing on September 8, 1983. The site Hazard Ranking System (HRS) score of 58.15 made Tar
Creek number one on the NPL for many years. The Tar Creek Superfund site encompasses
approximately 104 square kilometers (40 square miles), including the towns of Miami, Picher,
Cardin, Quapaw and Commerce. Approximately 70% of the land is owned by Native Americans,
primarily Quapaw. Adjacent are the Cherokee County Superfund Site (Kansas) and the Oronogo-
Duenweg Mining Belt Superfund Site (Missouri).

Several remedial actions have been conducted at the Tar Creek site (USEPA, 1999).
Initial actions included the provision of emergency water supplies by the Oklahoma National
Guard in 1985 during plugging of contaminated production wells. EPA drilled new wells and re-
established the water supply. In addition, 83 other wells were plugged by late 1986. An attempt
was made to decrease acid water impacts from two collapsed shafts discharging into Lytle Creek
by construction of a diversion dike at a cost of approximately $20 million. However, this attempt
failed to decrease impacts to the receiving waters. Beginning in 1994, EPA examined residential
areas for lead contamination. Indian Health Service data had indicated approximately 35% of
children tested had elevated blood lead levels. Since then, EPA has concentrated on residential
remediation at more than 1,300 home sites at costs approaching $30 million (USEPA, 1997).

In 1995, the Oklahoma Department of Health conducted blood screening for lead in
children living in the mining area. The results show that 21 percent of the children had elevated
blood lead levels (> 10ug/dL) (USEPA, 1999c). As a result of those findings, a list of suggested
measures were issued in order to limit the exposure of children to lead contamination. These
included having children wash their hands thoroughly before eating; not allowing them to eat or
drink in areas with known contamination; disallowing them to play in areas with known



contamination; washing their toys and discouraging them from putting toys into their mouths;
washing pacifiers and bottles if they should fall on the floor; washing all garden-grown
vegetables and fruits before consuming; cleaning, vacuuming, and dusting often to remove
contaminants; wiping the feet before entering the home; and feeding children foods rich in iron
and calcium (USEPA, 1999a).

In addition to the Tar Creek watershed, mining activities have impacted adjacent
watersheds, including Beaver Creek to the east. The focus of this investigation is a 162,000 m?
(40 acre) plot of land in Ottawa County known locally as the Catholic 40 (or Quapaw Waste site).
The acreage derived its name from the Catholic mission that one time owned the land. The first
mining in Ottawa County began in 1891, near Peoria, Oklahoma, in what is called the Peoria
District of the Picher Field. The first mine shaft was sunk on Quapaw tribal lands in 1904
(Weidman et al., 1932). The Mission mine on the Catholic 40 was one of the two most important
mines in the Peoria District.

The Catholic 40 is in the Beaver Creek watershed and has piles of mine waste (chat),
abandoned tailings ponds and mine shafts characteristic of the Picher Mining Field. Like much of
the Picher Mining Field in Oklahoma, the Catholic 40 is on Native American land; in this case,
the Quapaw land. Beaver Creek flows through the Catholic 40, then through the Quapaw Pow
Wow grounds, eventually discharging into the Spring River. In January 1999, the EPA approved
funding for a RI/FS study of the impacts of the waste sites in the Beaver Creek watershed
(USEPA, 1999a). To date, that study has not been initiated.

The Catholic 40 site presents an exposure problem for local residents, in part, due to dust
blown off the chat piles. In fact, the Center for Disease Control (CDC) noted that concentrations
of lead in soil or dust exceeding 500-1000 ppm can be responsible for blood levels in children
increasing above background levels (CDC, 1985). A study from the Community Health Action &
Monitoring Program (CHAMP) program in Ottawa County, including the Quapaw tribe, found
that 41.1 % of young children in 39 separate homes had blood lead levels (BLLS) greater than 9
pg/dl. Factors that added to the risk of elevated BLLs in Ottawa County were low incomes, poor
diets high in sugar and low in calcium, and having a pet that spent time outdoors. Sources for lead
contamination cited were high soil and lead dust concentrations, soldering, making bullets in the
home, and homes built before 1965 (when home construction was changed to reduce or eliminate
lead use) (CHAMP, 1997).

Environmental Impacts
Effects on Water Quality

The mining process exposes underlying rocks to water and air. Initial oxidation results in
dissolution of reduced metal-sulfides, which are subsequently oxidized and hydrolyzed upon
discharge from mine seep upwellings. The oxidation and hydrolysis of Zn, Pb, and Cd are shown
in reactions I-1 to 1-3. These metals tend to remain in solution in their ionic form at low and
circum neutral pH levels.

2ZnS+7/20,+H,0 - 22Zn"+2S0,5 +2H* (1-1)
2PbS +7/20,+H,0 - 2Pb"+2S0,%+2H" (1-2)
2CdS+7/20,+H,0 - 2Cd"+2S0,%+2H" (1-3)

Iron is a common metal in mine drainage due to a reaction that naturally occurs when
pyrite (FeS,) is exposed to water.

FeS, + 7/2 0, + H,0 — Fe** +2S0,” +2 H* (1-4)



Fe?* + ¥ 0,+ H' - Fe*" + % H,0 (1-5)
Fe** + 3H,0 — Fe(OH); + 3H" (1-6)
FeS, + 14 Fe** + 8 H,0 — 15 Fe* +2 S0, + 16 H" (1-7)
4FeS,(s) + 15 05(g) + 14 H,0 (1) — 4 Fe(OH)4(s) + 8 SO,* (aq) + 16 H* (aq) (1-8)

The above reactions are catalyzed by bacteria. For pyrite, iron-oxidizing bacteria such as
Thiobacillus ssp. greatly increase the rate of acid production (Skousen et al., 1998). As shown in
the net reaction (I-8), iron solids precipitate out of solution forming an armor over the sediments.
This can result in the smothering of aquatic life.

Acidity is added to the water through mineral dissolution processes (reactions I-2,1-4 and
I-6). The acidity may be neutralized by the presence of bicarbonate ion, creating discharges that
are net alkaline. Alkalinity comes from bicarbonate in the water due to the dissolution of
dolomite (CaMg(COs),) or limestone (CaCOs):

CaMg(CO,), + 2H* - Ca'+ Mg+ 2 HCO," (1-9)
CaCO;+ H' - Ca'+HCO," (1-10)

At the Catholic 40 site, galena (PbS) and sphalerite (ZnS), acid-producing minerals, were exposed
through mining, but limestone and dolomite in the geological substrate were capable of
neutralizing the acidity, resulting in discharge of alkaline water high in metal ion concentrations.
Other impacts from mining at the Catholic 40 site include changes in topography and
exposure of large volumes of waste rock to wind and water, leading to problems with erosion.
Subsidence of undermined areas has also been known to be a problem in Ottawa County.

Effects on Aquatic Communities

The impacts of heavy metals on the aquatic ecosystem vary depending on the background
environmental characteristics, concentrations of metals present, and how tolerant the species of
plants and animals are to pollution. The EPA has set maximum allowable levels for
concentrations of metals in fresh water to protect aquatic life (USEPA, 1999b).

Waters impacted by mine drainage are expected to show a decrease in species richness
and diversity of fish and macroinvertebrate populations. Polluted waters should also show a shift
towards a more pollution tolerant species distribution.

Plants that are not tolerant to heavy metals cannot grow easily on metal-contaminated soil
or mine wastes. Heavy metal toxicity in these plants causes a decrease in photosynthesis,
transpiration, growth, and reproduction. Plant cover is expected to be sparse because of metal
toxicity along with the physical properties of the soil or chat, such as pH, organic content,
moisture content, nutrients, and substrate particle size (Gibson, 1981a; 1981b).

Human Health Hazards

The three metals that pose the greatest human health risks at the Catholic 40 site are
cadmium, lead, and zinc. Although all three metals may not necessarily be toxicants when acting
alone, they can act synergistically to produce health problems for people who live in the area.



Cadmium

Based on several epidemiological studies, there is sufficient evidence that cadmium and
cadmium compounds have human carcinogenic effects. Cadmium enters the blood via absorption
from ingestion and inhalation. Usually only 1-5% of what is ingested is absorbed, while 30-50%
of what is inhaled is absorbed (Robbins et al., 1989). Chronic cadmium poisoning manifests
itself with bone pain, radiological decreases in bone density, high calcium concentrations in the
urine, and renal stones (Gosselin et al., 1984). Cadmium replaces calcium in the bones and
flushes calcium from the body. Pulmonary effects of prolonged exposure to cadmium are
emphysema, and other lung diseases (USEPA, 1981). Long-term exposure to levels of 0.1 mg/m®
of cadmium through inhalation or ingestion may increase the risk of lung disease or kidney
damage. Although cadmium is a teratogen, it does not cross the placental-fetal barrier, or the
blood-brain barrier (Robbins et al., 1989).

Zinc

Most zinc enters the environment as the result of anthropogenic activities such as mining.
In the air, zinc is present as fine dust particles, and in water most zinc settles in the sediments.
Zinc enters the body through inhalation and ingestion. Harmful effects begin at levels in the
range of 100 to 250 mg/day. Zinc causes short-term lung irritations and has not been classified as
a human carcinogen. Ingestion of high levels can cause pancreas damage (Robbins et al., 1989).

Cadmium and zinc have similar structures and functions inside the human body. The
zinc-cadmium ratio in the human body is extremely important since cadmium toxicity and storage
is greatly increased with zinc deficiency (Robbins et al., 1989). Cadmium is known to compete
with zinc for binding sites and can therefore interfere with enzyme reactions and uptake and
utilization of nutrients.

Lead

Lead enters the human body through ingestion and inhalation. Airborne lead particles
have an approximate aerodynamic diameter of 0.1 — 1.0 um, with a predicted airway deposition of
35% (Friberg et al., 1996). Once in the body, lead is distributed to the liver and kidneys and is
subsequently stored in the bones. Lead affects the red blood cells and can cause damage to the
liver, kidneys, heart, reproductive systems, and immune system. Elevated lead concentrations in
the blood can cause irreversible damage to the central nervous system. Reduced 1Q, learning, and
behavioral problems can manifest in children with elevated lead concentrations in their bodies.
Elevated lead levels in the body of a pregnant woman can cross the placental-fetal barrier causing
a reduced birth weight, reduced motor activity, and skeletal deformity. These malformations
have shown a tendency to be compounded by the presence of cadmium (Robbins et al., 1989).



I11. Field and Laboratory Procedures

Safety and Health Plan

Safety concerns at the Catholic 40 site include uneven terrain due to the irregular chat
piles, open mine shafts, and boreholes. In addition, there are elevated metals concentrations in the
water, soil, chat, and air. Precautions were taken to minimize the risks for personnel working in
the area. In the zone of contamination, all personnel were required to wear gloves, proper work
clothing, dust masks, and proper footwear. All equipment was properly cleaned with deionized
water in the field and upon return to the laboratory.

Site Survey

On 5,6, February 2000, a survey was conducted on the Catholic 40 site using a GTS-2111
Total Station. Over 200 side shots were taken to establish the relative location and elevation of
the soil and chat sampling points and other features. The site survey encompasses the general area
inscribed by Beaver Creek, the west-side wood line, the north side ridgeline, and the east-side
wood/ridge line. The actual land area affected by chat piles is approximately ten acres.

Chat and Soil Sampling

Chat and soil samples were collected at 14 locations within the 10-acre site on the
Catholic 40 on 5,6, February 2000. At each chat-sampling site, the ground was initially cleared
of debris and chat was removed with a coated aluminum trowell. The sampling depth for chat
was approximately 6 inches. Two 1-gallon plastic bags of chat were collected at each sample
location using the trowel, which was cleaned with deionized water between sites. Chat samples
were collected from all of the sites except for the tailings pond and site A4, which did not contain
any surface chat. After each chat sample was collected, the remaining chat was cleared using a
shovel until the underlying soil was reached.

Soil samples were taken at 6-inches and 24-inches (if possible) below the soil surface
using a steel bucket auger, which was cleaned with deionized water between each sample
collection. At several locations (Al, A2, B2, B5, C1) the overlying chat was too deep for the soil
to be sampled. The soil color at each site was recorded using a Munsell soil chart. A small
amount of concentrated HCI was added to the soil and chat samples at each site to determine
whether carbonates were present. Bulk density samples were also collected at each soil sampling
site except for B3 and C5, which were accidentally covered with chat before samples could be
collected. Bulk density samples were collected using a slide hammer and a stainless steel sleeve
of known volume.

A second chat sampling episode was conducted on 26 March 2000. Chat material was
retrieved from 12 of the 14 sample locations shown in Figure Ill-1. Three composite samples
were developed by randomly combining the chat material from four individual sample locations.

The Catholic 40 site also contains at least one abandoned mill tailings impoundment. Soil
samples were retrieved from the tailings pond at two different locations, and one location was
sampled at two different depths. The soil sample retrieval, storage and cleaning procedures
described above were used for the tailings pond samples.

Primary Water Quality Indicators

The definition of water quality indicators for mine discharge impacted water bodies differs from
traditional metrics. The variables selected to characterize water quality at the Catholic 40 site
were selected based on the type of mining activities that occurred in Ottawa County. The primary
minerals in this mining area are sphalerite (ZnS), galena (PbS), and greenockite (CdS).
Additionally, past studies of the mining area have shown elevated levels of zinc (Zn), lead (Pb),



cadmium (Cd), and iron (Fe). Based on this information, these metals were targeted for analysis.
Manganese (Mn) concentrations were also determined for the Beaver Creek and mine discharge
samples. Manganese limits are often used to regulate metal removal treatment processes.
Manganese is usually the last heavy metal to come out of solution during chemical treatment.
Therefore, it is often assumed that if the manganese concentration is reduced to regulatory limits
through a treatment process, the other metals will also be reduced proportionally.

Water Sampling and Analysis

In-situ parameters were measured for Beaver Creek on 12,13, February 2000. The ten
stream sampling sites were located either in Beaver Creek or at a mine drainage discharge site
that flows into Beaver Creek (see Figure I1I-2). Sites BC1 through BC5 are upstream of the
Catholic 40 and downstream of the City of Quapaw wastewater outfall; sites BC6 and BC7 are
downstream of the Catholic 40. Dissolved oxygen, pH, conductivity, and temperature were
measured in-situ with calibrated meters (Appendix A). The probes were rinsed with deionized
water between each reading.

Three water samples were collected from each of the ten sites using 250-ml plastic bottles
that were rinsed with sample water three times prior to collection. Two water samples were
collected for subsequent laboratory analyses for macronutrients (phosphate, nitrate, and sulfate),
acidity, and bioassay toxicity tests. The third sample was collected for atomic absorption (AA)
analysis of metals (Fe, Mn, Pb, Zn, and Cd) content and was preserved in the field using
approximately 1 ml of concentrated HCI. Grab samples were collected for field measurements of
turbidity, alkalinity, ammonia, and hardness (Appendix B).

Sediment samples were also collected at each stream sampling location shown in Figure
I11-1. Sediment samples were collected using a dredge and/or hand trowels and placed in plastic
bags for transport to the laboratory.

Water Quantity/Discharge

The volumetric flow rate (discharge) was also measured at several locations along Beaver
Creek (see Figure 111-2). At each location, the stream cross-section was divided into sub-sections
of uniform width. The velocity in each subsection was measured using a Global Water Flow
Probe. Discharge was calculated by multiplying the sub-section area by the average velocity; total
discharge at each location is the sum of all sub-section discharges (Appendix F).

Bioassessment

Bioassessment studies were performed at stream sampling sites BC4, BC5, BC6, and
BC7. The bioassessment study covered a distance of 100 m upstream or downstream of the exact
stream sampling location. Each 100-m reach was divided into two 50-m segments for the habitat-
scoring portion of the bioassessment. The riparian zone width of each bioassessment segment
was also assessed (Appendix D).

Macroinvertebrate and fish samples were collected for the entire 100-m reach. If the site
reach had adequate riffles, macroinvertebrate samples were collected using a kicknet. A d-frame
net was used to collect samples along the banks if adequate riffles were not present or if there was
significant leaf litter present. A seine was used to gather fish and invertebrates, which were
preserved in alcohol for identification. When multiple individuals of the same species of fish
were collected, a few were preserved and brought back to the lab for identification and the rest
were returned to the stream. The approximate number of individuals returned was recorded at
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Figure 111-1. Map of Catholic 40 Site and Stream Sampling Locations.

each site. Algae were observed along each reach and the quantity and color of periphyton or free-
floating algae were noted and used for comparison between sites.

Laboratory Analyses

The bulk density soil samples were weighed before and after drying. Sample weights and
volumes were used to calculate bulk density and moisture content of each sample. The organic
content of the soil was measured using the loss on ignition procedure (Appendix H).

Chat samples from the first sampling episode were sieved for particle size analysis using
sieve numbers 40 (6350um), 100 (254um), and the pan. Laboratory analytical procedures require
100g of each sample, therefore only three-size fractions were utilized in the particle size analyses.
The specified fractions were selected due to the potential health implications associated with their
particle sizes. The 1997 Record of decision (ROD) determined that the primary exposure route
for lead in children was ingestion from hand to mouth. The size distribution of dust adhering to
the hand was used as a surrogate for the ingested fraction of dust in children, which is
approximately 200 um (Adgate et al., 1998).  Sieve number 100 is therefore used as the
potentially ingested fraction. The smaller particles in the pan are considered potentially airborne.
The individual and composited chat materials from the second sampling were also analyzed for
particle size distribution. The composited materials were used as aggregate in asphalt and
concrete mix design studies. The samples were then tested for select engineering properties and
chemical characteristics (Appendix I).

10



The Toxicity Characteristic Leaching Procedure (TCLP, USEPA, 1983a)) was utilized to
extract the leachable metals in the soil (Appendix H), chat (Appendix 1), and sediment samples
(Appendix G). The chat samples retrieved during the second sampling episode were sent off to a
commercial laboratory for analysis of both TCLP and total metals concentrations (Appendix J).

The water samples and the extracted soil, chat, and sediment samples were digested prior
to AA analysis for metals content (American Public Health Association, et al., 1995). The
concentrations of iron, zinc, manganese, lead, and cadmium in all of the samples were analyzed
using a Perkin-Elmer 5100 PC Flame Atomic Absorption Spectrophotometer. Calcium and
magnesium concentrations were measured on the water samples in order to determine total
hardness. Standards, calibration curves, and detection limits were calculated according to the
manufacturer’s suggested methods (Perkin Elmer Corporation, 1996).

Acidity measurements (Appendix C) were also performed in order to study the inorganic
nature of the collected samples. lon chromatography using a Perkin-Elmer lon Chromatograph
was used to measure macronutrient content (USEPA, 1983a).

Bioassay tests were performed on the water samples in the laboratory using metals
sensitive lettuce seeds (Lactuca sativa). The lettuce seeds were soaked for 20 minutes in a 10%
bleach solution to kill fungus, then rinsed with deionized water before use. Water from each
stream sampling location was used, along with 50% and 25% dilutions and a deionized water
blank. Three petri plates lined with filter paper and 10 to 11 lettuce seeds were soaked with 2 ml
of each sample concentration. The plates were incubated for one week in plastic bags in the dark.
After 5 days, some of the plates were drying out, so 2 ml of deionized water was added to all of
the plates. After one week, two experimental endpoints were recorded: number of seeds
germinated and root length of germinated seeds (Appendix E).
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IV. Results
Chat

The Catholic 40 site survey data were loaded into Eagle Point and AutoCAD v.14
software to create the topographic map shown in Figure IV-1. The survey data indicate that the
area affected by mining waste (chat) is approximately 4.17 ha (10.3 acres). The change in
elevation from the highest point to the lowest point is 15m (49.3 feet). The survey data were used
in combination with chat thickness measurements at each sampling location to estimate the
volume of chat covering the site, which is approximately 48,000 m® (65,000 yd®).

For the second chat sampling episode material was retrieved from twelve of the sample
locations shown in Figure IV-1. Three composite samples were developed by randomly
combining the chat material from four individual sample locations. The individual and composite
samples were analyzed for particle size distribution. A typical particle size distribution curve for
the chat material on the Catholic 40 site is shown in Figure 1V-2. On average, the chat is
comprised of 65% sand, 29% gravel and 6% fines.

The individual size fractions of composite chat sample #1 were analyzed for both total
and TCLP extractable metals. Figure 1V-3 depicts the total concentrations of cadmium, lead, and
zinc for the various size fractions in composite sample #1. From Figure IV-3 it is clear that the
highest concentrations of total metals are found in the smaller-sized chat particles. This is of
particular concern given that the smallest chat particles are most likely to become mobile and
move offsite. The breathable dust fraction of the chat material (< 75 um) contains high enough
levels of lead and cadmium to be considered a regulatory health hazard.

Figure 1V-4 shows the concentrations of TCLP extractable metals for each size fraction
in composite chat sample #1. Once again, the highest concentrations of TCLP extractable metals
are found in the smaller-sized chat particles. The TCLP hazardous substance criteria for lead and
cadmium are also shown on Figure IV-4. In general, chat particle sizes less than 4 mm would be
classified as hazardous substances based on leachable metals. Combining the TCLP levels
(Figure 1V-4) with the particle size analysis (Figure 1V-2) shows that approximately 20% of the
total chat material on the Catholic 40 site is hazardous. This material should be separated out and
handled properly in order to eliminate further contamination of the area and reduce potential
exposure.

It is important to note the difference in heavy metals concentrations derived from whole
samples (i.e., not size separated) versus the concentrations in the various size fractions. Figures
IV-5 and IV-6 show the concentrations of total metals and TCLP metals, respectively, for the
three composite chat samples and the average values for the 12 individual chat samples. The
averaging influence of the non-hazardous portion of the chat is evidenced in the total metals
concentrations of the whole samples (Figure 1V-5). The maximum concentrations of lead, zinc,
and cadmium in the whole samples are well below the maximum values found in the smaller size
fractions (Figure IV-3). However, the averaging effect of the non-hazardous size fraction is
diminished when examining the TCLP metals concentrations. Although the maximum TCLP
metals concentrations for the whole samples (Figure 1V-6) are lower than the values for the
smaller size fractions (Figure IV-4), they still exceed the TCLP leachability criteria for lead and
cadmium.

These data are conclusive evidence that the unprocessed chat material is a hazardous
substance. Engineering controls to reduce human exposure and/or control off-site migration of the
chat material need to be implemented. Moreover, uncontrolled use of the chat material (e.g., road
base, asphalt, concrete) will result in increased mobility and potential exposure to the hazardous
fractions within the chat.

Information contained in this report is proprietary and confidential. This information is considered to be the intellectual property
of The University of Oklahoma. Any use or reproduction of this material is expressly prohibited without the prior written
approval of The University of Oklahoma. 12



Figure 1\V-1. Topographic Map of the Catholic 40 Site (omitted for web viewing)
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Figure 1VV-2. Particle Size Analysis for Chat Composite Sample #1

Tailings Ponds

The results of TCLP leachability tests conducted on the tailings pond samples are
depicted in Figure IV-7. The figure shows higher concentrations of zinc and cadmium in the
surface samples. Zinc concentrations are lower in the tailings pond than in the chat. This is
probably due to the fact that historical processing operations targeted zinc for removal from the
raw ore. Cadmium concentrations in the tailings pond samples are higher than in the chat and
exceed the TCLP criterion; thus, the material in the tailings pond should be considered hazardous.
The tailings pond materials should be excavated and properly disposed to reduce potential
exposure to cadmium.

Soil

Soil samples were retrieved from two depth intervals (where possible) at each sample
location shown on Figure 1V-1. In addition, a background soil sample was taken from a location
across Beaver Creek that did not have any visible accumulation of chat. Figure 1\V-8 depicts the
concentration of leachable zinc and lead in each of the soil samples. It is readily apparent that
metals have been leached out of the overlying chat materials and migrated down into the surface
soils on the Catholic 40 site. In fact, some of the zinc concentrations found in the soils are over
300 times higher than the background concentration.

There are two important trends associated with the data in Figure 1V-8. First, it appears
that the metals leached from the chat reside mainly in the upper reaches of the underlying soil
(compare Zn for 