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Mining Waste NPL Site Summary Report 

TELEDYNE WAH CHANG 

ALBANY, OREGON 

INl'RODUCTION 

This Site Summary Report for the Teledyne Wah Chang site is one of a series of reports on mining 

sites on the Nanonal Pnorities List (NPL) The reports have been prepared to support EPA's mining 

program activities In general, these reports summarize types of environmental damages and 

associated mining waste management practices at sites on or proposed for the NPL as of February 11, 

1991 (56 Federal Regi51er 5598). This summary report JS based on information obtained from EPA 

files and reports and on a review of the summary by the EPA Region X Remedial Project Manager 

for the site, Howard Orlean. 

SITE OVERVIEW 

Teledyne Wah Chang Albany (TWCA) is a Superfund Site located in Millersburg, Oregon, an 

mdustrial suburb 3 oules north of Albany, Oregon (see Figure 1). The Superfund Site consists of two 

areas, the 110-acre Plant Site property and a 115-acre area approximately .75 of a mile north of the 

plant site known as the Farm Site. The Plant Site contains numerous buildings and facilities including 

an extraction area, a fabrication area, a solids storage area, and a parking and recreation area. The 

Farm Site contains four 2.5-acre solids storage ponds. The remainder of the Farm Site is used 

prunarily for agriculture (Reference 1, Cbapter 2, page l; Reference 2, page 1). 

TWCA is an active facility that bas been manufacturmg primary and mill-product zirconium and 

hafnium from zll'con sand for approxlDlately 30 years. The facility bas also produced smaller 

quantities of tantalum, niobium, and vanadium products. TWCA is a primary producer of zirconium 

metal Zircon sand, the principal ore for the manufacturing process, is imported from Australia 

(Reference 1, Chapter 4, page 1). 

Most of the wastestreams from the plant's operations are treated pnor to discharge or disposal. 

Treatment techniques include continuous chemical precipitation and sedimentation of aqueous wastes 

m the wastewater treatment plant; segregation and disposal of solid wastes; and use of a variety of arr 

contaminant control systems to cleanse emissions. Solids produced in the wastewater treatment plant 

have been managed over the years at several onsite areas, including the Lower River Sohds Pond 

(LRSP), Schmidt Lake, the Farm Ponds 1 through 4, and the V-2 Pond (Reference 1, Chapter 5, 

pages 1, 5, and 6). 
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TWCA currently bas a National Pollutant Discharge Elimination System (NPDES) permit to regulate 

the discharge of process wastewater. The facility also bas an Air Contaminant Discharge Permit that 

regulates air emissions from the facility. Although the facility submitted a Resource Conservation and 

Recovery Act (RCRA) Part B Application for the operation of hazardous waste management activities 

at the site, EPA detemuned that a Part B RCRA Permit was not necessary. Radioactive wastes are 

managed under the requirements of a Naturally Occurrmg Radioactive Materials (NORM) license 

(Reference l, Chapter 5, pages 5, 15, 16, and 19). 

The TWCA facility bas been cited for numerous violations of its NPDES permit, occurring in 1975, 

1977, 1978, 1979, 1980, and 1989. The company was fined for illegal burning m 1983. In 1986, 

TWCA was cited for several violations of the State's hazardous waste management rules (Reference 

7, page 10). 

Onsite storage of the solid wastes bas attracted the attention of regulatory agencies and the public for 

many years, particularly with regard to the low-levels of radioactive materials found in these wastes 

(first confirmed by the Oregon State Health Division m 1977). 1n 1978, TWCA was granted a 

Radioactive Materials License to transfer, receive, possess, and use zircon sands and mdustrial 

byproducts containing hcensable concentrations of radioactive materials (Reference 2, page 4). The 

company applied to the Energy Facility Siting Council (EFSC) in 1981 to obtam a site certificate to 

close the LRSP sludge pond and to store approximately 120,000 cubic yards of lime sohds from the 

wastewater treatment process. After several years of deliberations, the EFSC ruled (m 1987) that the 

sludge was not subject to their jurisdiction because the levels of radioactivity were too low. In 

October 1983, during the EFSC deliberations, the TWCA site was placed on the NPL (Reference 2, 

page 4). 

On May 4, 1987, TWCA signed a Consent Order to conduct the Remedial Investigation/Feasibility 

Study. As part of this order, EPA and TWCA agreed to address the LRSP, Schnudt lake, and Farm 

Pond sludges in an expedited fashion prior to the completion of the Remedial Investigation/Feasibility 

Study for the entire facility. This expedited action resulted from the public's concern of the sludge 

materials, the location of the sludges in the floodplain, and the potential of the sludges to contribute to 

ground-water contamination at the site. The Farm Ponds were later dropped from the expedited 

investigation and are being included as part of the overall site Remedial Investigation because they did 

not lie w1thm the floodplam, and they contained levels of radioactivity lower than the other locations 

(Reference 2, page 4; Reference l, Chapter 5, page 7; Reference 7, pages 1, 5, 10, and A-1). 

In 1989, a Record of Decision (ROD) was finalized as an interim response for Operable Unit 1 (i.e., 

the sludge ponds unit consistmg of the LRSP and Schmidt Lake) (Reference 7, page 1). The ROD 

specified a remedial action consisting of excavation and treatment of the sludges with cement, and 
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offsite disposal of the sludges in a spe ;ally constructed monocell. According to Region X, EPA 

issued a Unilateral Administrative Ore ·o 1WCA in February 1991 that called for the treatment, 
excavation, and offsite disposal of the __ i.SP and Schmidt Lake sludges along with long-term 

operation and mamtenance of the offsite monocell. 

TWCA is currently conducting the Remedial Investigation/Feasibility Study in response to the May 
1987 EPA Order of Consent, Docket No. 1086-02-19-106 (Reference 1, Chapter 5, page 7 and 

Chapter 7, page 2). The Remedial Investigation is designed to characterize the nature and extent of 

contaminatton in various media (e.g., ground water, surface water, and sediments) throughout the site 

as well as evaluate pathways by which contamination may be leaving the site. At the request of EPA, 
TWCA has also initiated a baseline human Health Assessment that will consider the risks posed by the 
site to human health and the environment (Reference 5, pages 1 and 2). 

As the Remedial Investigation/Feasibility Study for the entire site is not yet complete or available to 
the public, much of the information defimng the problems at the TWCA site lS preliminary. 
Conclusions about the risks associated with the site have only been summarized for Operable Unit l 
and are reported in the ROD for that unit. This document presents information from the ROD for 

Operable Unit 1 and describes the available preliminary information for other areas at the site. 

OPERATING IIlSTORY 

The TWCA site has been in operat10n since 1956, when the Wah Chang Corporation reopened the 
U.S. Bureau of Mines' zrrcoruum metal sponge pilot plant. New facilities were constructed m 1957, 

pnmarily for the production of zirconium and hafnium sponge. Tantalum and niobium pilot facilities 

were also included. Melting and fabrication operations were added in 1959. Teledyne Wah Chang 
Albany was established in 1967 after Teledyne Industries, Inc., purchased Wah Chang Corporation of 

New York (Reference 1, Chapter 4, page 1) The facility is sttll operating today as a primary 

manufacturer of zircomum metal. It is also capable of manufacturing hafnium, niobium, and 

vanadium metals (Reference 1, Chapter 4, page I). 

Zircon sand, the principal ore for the manufacture of zirconium metal, is lDlpOrted from Australia. 

At TWCA, the sand undergoes a chlorination process from which zirconium tetrachloride is 

produced. Silicon tetrachloride is also produced from this process; it is purified and sold as a 
byproduct (Reference l, Chapter 4, pages l through 3). 

Followmg chlorination, the zirconium tetrachloride completes a separation process using the organic 

solvent methyl isobutyl ketone (MIBK) to remove the hafnium portion of the zirconium (most 
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zirconium minerals contain I to S percent hafnium). The resulting zircomum and hafnium oxides 

follow similar processes to final metal production, including a second chlorination step; a reduction 

process using elemental magnesium (magnesium chloride is removed and sold as a by-product); and 

the consolidation of zirconium sponge into ingots for eventual forming mto numerous shapes and sizes 

(Reference I, Chapter 4, pages 3 through 6). 

Some of the wastes produced from the zirconium and hafnium manufacturing process mclude sand 

cblorinator residues (characterized as "radioactive"); MIBK still bottoms (charactenzed as 

"ignitable"); magnesium. chloride wastes (characterized as a fire hazard); and smokehouse residue 

(characterized as "Extraction Procedure (EP) toxic waste code 0008" according to the facility 

owner/operator) (Reference 1, Chapter 5, page 13). Slag wastes containing niobium and iron metals 

are produced from the niobium and vanadium manufacturing processes. Ancillary processes 

associated with the manufacturing operanons include metal formmg, pamting, mamtenance acuv1ties, 

and analyncal laboratory Quality Assurance/Quahty Control (QA/QC). These ancillary processes 

produce wastes, including salts, metal fines, waste thmners, MIBK, and 1,1,1-trichloroethane 

(Reference 1, Chapter 5, page 13) 

Because so many processes are involved in the production of nonferrous metals and products, many 

waste management programs are employed at TWCA, including process wastewater treatment, solid 

waste management, hazardous waste management, radioactive-material control, Polychlorinated 

Biphenyls (PCBs) equipment management, and air-quality control (Reference 1, Chapter 5, page 1). 

TWCA operates a wastewater treatment system for the handlmg of industrial wastewaters generated 

from metals manufacturing operations. The wastewater treatment process, consistmg of a continuous 

chemical precipitation and sedimentation system, generates treated wastewater and sludges. The 

treated wastewater is discharged to Truax Creek under the guidelines of a NPDES permit that was 

first issued in March 1975. Sludges produced from TWCA's chemical precipitation and 

sedimentation processes are collected and placed in storage ponds for additional settling and 

dewatering. These "ponds" include the LRSP, Schmidt Lake, and Arrowhead Lake Oocated onsite) 

and Farm Ponds 1 through 4 Oocated nonh of the plant) (see Figure 1). A smaller pond, known as 

the V-2 Pond, was also used for a short period of time for temporary solids storage and pretreatment 

(Reference I, Chapter S, pages I through 6). 

The solids produced from the various wastewater treatment processes were stored ons1te in the LRSP, 

Schmidt Laite, and Arrowhead Lake from 1967 to 1978. Arrowhead Lake was dewatered and 

covered m the early 1980's. The LRSP and Schnudt Laite have not been used to store solids since 

1979. 1WCA also obtained a solid waste permit to use the sludge as a soil amendment on the TWCA 
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Fann Site in 1976. The sludge was applied at an average rate of 108 tons per acre; the use of the 

sludge as a soil amendment was only done in 1976 (Reference 1, Chapter 5, pages 5 through 8). 

In 1979, the Fann Ponds came into operation as solids storage ponds for sludge from the wastewater 

treatment processes. The switch to sludge disposal in the Fann Ponds occurred after production 

processes for zirconium and hafnium were modified in 1978. The process modification reduced 
concentrations of radioactive materials in the sludges, and directed the radioactive materials to a 

separate solid waste referred to as "chlorinator residue" that is managed as a radioactive waste and 

shipped to Hanford, Washington, for disposal (Reference 1, Chapter 5, pages 5 through 8). 

The V-2 Pond, built in 1960, was used for settling the lime solids from the lime-treated zirconium 

sulfate wet cake filtrate wastewater stream from the zirconium and hafnium separations process 
Some of the wastewaters from the niobium and tantalum process used before 1975 were also placed 

into the V-2 pond. The V-2 pond was operational until the addition of storage tanks and a separations 
spill treatment system between 1977 and 1980 eliminated any waste or waste-water influent into the 
V-2 Pond. The contents of the pond, with the exception of approximately 5,400 cubic yards of 
solids, were removed and transported to an EPA-approved landfill in 1987 (Reference 1, Chapter 5, 

pages 9 and 10). 

TWCA also has an extensive system of solid waste management. All sohd wastes generated at the 

TWCA facility are initially delivered to the Dumpmaster Area, where they are inspected and 

separated into nonhazardous and hazardous components. According to a 1988 Current Situation 
Summary for a Remedial Investigation/Feasibility Study prepared by CH2M Hill Northwest, TWCA 

is disposing of nonhazardous waste materials at a public landfill. Hazardous wastes are temporarily 

stored onsite until they can be transported offsite to a hazardous materials storage, treatment, or 
disposal facility (Reference 1, Chapter 5, page 12). Whenever practical, TWCA recycles waste 

materials. 

TWCA has not always practiced offsite disposal for its solid waste process residues. Three ons1te 

areas of the plant have been used for disposal, including the cblorinator residue pile, the magnesium 
resource recovery pile, and the Truax Creek landfill area. Beginning in 1972, chlorinator residue 

from the sand cblonnation process was stored in a pile north of Schmidt Lake. This disposal practice 
was discontinued in 1978 and pile contents were transferred to the Hanford radioactive disposal site in 

Washington (Reference l, Chapter 5, page 17). Sohd residues from the nonferrous metals 

manufacturing process (primarily magnesium chloride wastes) were placed in the magnesium resource 

recovery pile until May 1983. In October 1983, TWCA, with the approval of the Oregon 
Department of Environmental Quality (ODEQ), began operations to recover and beneficially use the 

contents of the pile (e.g., substituting a magnesium hydroxide slurry for lime in the operation of 

6 
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TWCA's wastewater treatment system) (Reference 1, Chapter 5, pages 17 and 18). From 1958 to 

1973, a portion of the area north of Truax Creek (extending from the area opposite of the V-2 Pond 
and east to Arrowhead Lake) was used as a landfill Arrowhead Lake was briefly used as a landfill in 

1976 (Reference 1, Chapter 5, page 18). 

Radioactive wastes are managed under the requirements of the facility's NORM license issued by the 
Oregon Health Division (Reference 1, Chapter 5, page 16). Currently, low-level radioactive residues 
generated by the pure chlonnation and sand chlorination processes are collected and transported ID 

special containers to an offsite radioactive waste disposal facihty, such as the one located at the 
Hanford site ID Washington (Reference 1, Chapter 5, page 14). 

Some of the sohd waste d1Sposal activities undertaken by TWCA involve transformers and capacitors 
containing PCBs. While the majority of electrical transformers used at the TWCA site are owned and 
mainta1Ded by Pacific Power and Light, a few transformers and most capacitors are owned and 
mainta1Ded by TWCA. Some of this equipment holds oil containing PCBs. Spent equipment known 
to contain PCBs is sent to an EPA-approved PCB facility for proper treatment and disposal 
According to TWCA, there have been no known spills of PCBs 1Dto soils or waters 

onsite (Reference l, Chapter 5, page 15). However, PCBs have recently been detected in sediment 
samples collected from Truax Creek (Reference 3, pages 2 and 3). 

TWCA operates a range of air contammant control systems to cleanse arr enuss1ons from their 
transition metal refining operations. Some of the air emissions control systems that have been 
unplemented include water and caustic sprays, scrubbers, baghouses, demisters, and wet electrostatic 
precipitators (Reference 1, Chapter 5, pages 19 and 20). 

SITE CHARACTERIZATION 

The TWCA site is located in the north-central part of Oregon's Willamette Valley in the community 

of Millersburg, Oregon. The site is 3 miles north of Albany, approxunately 65 miles south of 
Portland, and 60 miles east of the Pacific Ocean. The Willamette River forms the western boundary 
of the plant site. Ground surface in the vicimty of the site slopes westward towards the Willamette 
River (see Figure 1) (Reference l, Chapter 2, pages 1 through 4; Reference 4, page 9) 

The immediate area surrounding the TWCA plant site 1s primarily industrial, with some land north 
and west of the site used for agnculture Residential and commercial activities are located to the east 
and south of the facility The population of Albany is approxunately 27 ,000, and Millersburg has a 

population of 600 (Reference 1, Chapter 2, pages 3 and 4). 
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Ground Water 

The alluvial deposits of the Willamette River and its tributaries make up the principal aquifer in the 

Albany area (Reference 1, Chapter 3, page 3). Ground-water levels are generally shallow, with depth 
to ground water ranging from 3 to 22 feet below ground surface in the LRSP area, and 5 to 9 feet 
below the extraction and fabrication area (Reference 1, Chapter 3, page 17). The general direction of 
ground-water flow beneath the site is to the northwest and west towards the Willamette River, with 
local drainage to Murder and Truax Creeks (Reference 1, Chapter 3, page 4). Approximately 250 
domestic wells are located within 3 miles of the facility, all of which are upgradient of the site. 
There are no known domestic, municipal, mdustrial, or irrigation wells located between the site and 
the Willamette River (Reference 1, Chapter 3, page 4; Reference 2, page 3). 

Ground-water monitoring has occurred at the Farm Ponds Site and the Plant Site since the early 
1980's. At the request of the ODEQ, TWCA began a ground-water monitoring program at the Farm 
Site m 1980, and tt continued quarterly through 1988. In 1982 and 1983, samples were analyzed for 
MIBK, Total Organic Carbon (TOC), and an array of inorganic parameters. Beginning in 1984, 
analyses were limited to the indicator parameters of ammonia, nitrate, chloride, sulfate, Total 
Dissolved Solids (TDS), and conductivity (Reference 1, Chapter 6, pages 2 and 3). 

The Current Situation Summary for the site presented analyttcal data for ground-water samples 
collected in the area of the Farm Ponds (see Figure 1). These data were presented as concentration 

ranges reflecting all of the years of sampling data. A comparison of the maximum concentration 
range for each parameter to the appropriate Federal Drinking Water Standard demonstrates that 
concentrations of heavy metals (including cadmium, chromium, and lead) exceed the Federal Primary 
Drinking Water Standards. The maximum concentrations for chloride, tron, manganese, sulfate, and 
IDS exceeded Federal Secondary Drinking Water Standards (see Table 1) (Reference 1, Chapter 6, 
page 3). 

Volatile organic compounds (including l,l,1-trichloroethane, 1,1,2-trichloroethane, and 1,1-
dichloroethane) were also detected in some ground-water samples in the Farm Ponds area (Reference 

1, Chapter 6, page 3). There are no Federal Drinking Water Standards for these constituents; 
however, a comparison of maximum concentrations to Maximum Contaminant Levels (MCLs) for 
ground water indicated that no MCL levels were exceeded. 
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TABLE 1. GROUND-WATER CONTAMINANI'S TIIAT EXCEED DRINKING WATER 
STANDARDS 

Federal Drinking 
Farm Ponds Water Standards 

Area (Concentration (mg/I) (Reference 7) 
Constituent Range - mg/I) (Primary) 

Cadtruum < 0.0003 - 0.092 0.01 

Chromium <0.01 - 0.09 0.05 

Lead <0.02-0.1 0.05 

Nitrate (N) <0.01 - 62 10 

(Secondary) 

Chloride 0 - 3,100 250 

Iron <0.01 - 7.5 0.3 

Manganese <005-21 0.05 

Sulfate 0 - 880 250 

IDS 0 - 13,400 500 

Source: Reference 1, Chapter 6, page 3 

A number of locations at the Plant Site are sampled, including quarterly sampling since 1982 at the 

LRSP area (including Schmidt Lake, chlorinator residue handling area, and magnesium resource 

recovery pile); the Arrowhead Lake area (old Truax Creek landfill area); and the ammonium 

chloride/sulfate storage area. Quarterly sampling has occurred at the metals formmg sump area smce 

1986 (Reference l, Chapter 6, page 4). 

Analytical data for a variety of constituents from the Plant Site were summarized in the Current 

Situation Summary for the site. These data were presented as concentration ranges reflecting all of 

the sampling data. When the MCL for each parameter IS compared to the Federal Drinking Water 

Standards, several constituents, from various locations around the Plant Site, were md1cated as 

exceeding the appropriate Drinking Water Standard (see Table 2). 
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TABLE 2. GROUND-WATER CONSTITUENTS DETECTED AT PLANT SITE THAT EXCEED DRINKING WATER ~ 

STANDARDS I 
~ Federal Drinking 

Ammonium Chloride Water Standards 
n 

! 
Arrowhead Metals Forming Sulrate Storage (Reference 7) 

Constituent LSRP Area Lake Area Sump Area Area (Primary) 

Cadmium -- 0.003 - 0.018 -- < 0.003 - 0.02 0.01 

Chromium <0.01 - 0.96 -- - -- 0.05 

Lead <0.02- 0.28 <0.02-0.15 - <0.02 -0.07 0.05 

Nitrate (N) -- <0.5 - 160 < 1 - 240 <0 5 - 550 0.01 

Fluoride -- I - 6 <I - 87 -- 4 

Selenium -- -- -- < 0.003 - 0.034 0.01 

-0 

Radium 226 <0.2 - 7.6 -- - - 5 pCi/I 
pCi/I 

Radium 228 <0.3 - 11 pCl/I -- - 0.6 - 11 pCi/I 5 pCi/I 

(Secondary) 

Chloride 7 - 68,700 10 - 4,900 -- 320 - 2,300 250 

Iron <0.05 -570 <005-11 <0.05 - 2.5 <0.05 - 37 0.3 

Manganese <003-230 <0.05 - 27 <0.05 - 150 <0.05 - 21 0.05 

Sulfate <3 - 1,200 < 10 - 1,200 -- < 10 - 2,400 250 

TDS 1 I - 89,500 20 - 8,000 38 - 1,500 320 - 4,900 500 

*Fluoride -- I - 6 < 1 - 87 <I -4 2 

Concentration ranges are in mg/I unless designated otherwise. 

Source: Reference I, Chapter 6, page 7 
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Exceedances of the Pnmary Drmking Water Standard were noted for cadnuum, chromium, lead, 

nitrate, fluoride, selenium, radium 226, and radium 228. Exceedances of the Secondary Drinking 

Water Standard were noted for chloride, iron, manganese, sulfate, TDS, and fluoride (Reference 1, 

Chapter 6, pages 5 through 8). 

Although Drinking Water Standards were not available for all of the constituents detected in the 

ground water, a comparison to MCLs for ground water indicated that three volatile organic 

compounds (1,1-dichloroetbane, chloroform, and 1,1,1-trichloroethane) detected in ground-water 

samples at the plant site exceeded the appropriate MCLs (see Table 3) (Reference l, Chapter 6, pages 

1 through 8). 

TABLE 3. UPPER CONCENTRATION RANGF.s OF GROUND-WATER CONTAMINANTS 
AT THE PLANT SITE TIIAT EXCEED FEDERAL STANDARDS 

Metals Ammonium MCL 
LRSP Arrowhead Forming Chloride (Refer-

Constituent Area Lake Area Sump Storage ence 9) 

chloroform <5 - 230 - - - 100 

trichloroethane <5 - 330 - - 7 -400 5 

1, 1, 1- 200 
tr1chloroetbane - 310-7,561 10 - 18,000 -

Concentrations are m µgll 

Source: Reference 1, Chapter 6, pages 5 through 8 

Ground-water monitoring data from the metals formmg sump area mdicated that no constituents 

exceeded Federal standards. Additional ground-water monitoring data is being collected and analyzed 

as part of the ongoing Remedial lnvest1gauon for the site. 

Surface Water 

The Willamette River is the major regional drainage flowing north through the Willamette Valley and 

is used for recreational, fishing, agricultural, and industrial purposes. Currently, there are no known 

communities or individuals downstream of the TWCA that use the Willamette River as a source of 

drinking water (Reference 1, Chapter 3, page 23). 

11 



Teledyne Wah Chang 

Portions of the TWCA (namely the sludge pond units - LRSP and Schmidt Lake) are located m the 

100-year and 500-year floodplains of the nver. The Farm site is above the 500-year floodplam. The 

ground surface at the TWCA site slopes westward toward the river at a gradient of approximately 11 

feet per mile. Local creeks, drainage ditches, and lakes that receive drainage from the plant site feed 

into the Willamette River. These waterbodies include four oxbow lakes (Second, Third, and Fourth 

Lakes, and Conser Slough) and two creeks (Truax Creek and Murder Creek) (Reference 1, Chapter 

3, pages 22 and 23; Reference 7, page 1). 

The two creeks drain the plant site from east to west. They join northwest of the site and flow 

northward through Third Lake, Fourth Lake, and Conser Slough, ultimately discharging to the 

Willamette River. Truax Creek receives discharges from the TWCA process wastewater treatment 

system (under 1WCA 's NPDES permit) and from parts of the site's storm-water dramage system. 

Murder Creek also receives discharges (mainly roof drainage) from the Plant Site storm-water 

drainage system. The Farm Site is drained by two drainage ditches that enter the area from the east, 

flowing westward and discharging to Conser Slough and the river (Reference 1, Chapter 3, pages 22 
and 23). 

Surface-water monitoring of an area drainage ditch north of the Farm Ponds designated as East 

Boundary (upgradient), West Boundary (downgradient) and the Railroad Culven (downgradient) 

occurred quarterly between June 1984 and March 1987. The parameters examined as part of this 
sampling strategy included nitrate-nitrogen, TDS, conductivity, chloride, calcium, and sulfate. At the 

plant site, Truax Creek is monitored weekly for ammonia, nitrate, and TOC, as required by the 

NPDES permit (Reference l, Chapter 6, pages 9 and 10). 

Concentrations of constituents detected in surface water at the Farm Site and at the Plant Site are 

presented in Tables 6-7 and 6-8 of Reference 1, respectively. These tables hst the ranges of 
constituent concentrations found throughout the monitoring program over the years (Reference 1, 

Chapter 6, pages 9 and 10). Data for the Plant Site suggest that low levels of volatile and 

semivolatile organic compounds are found in the surface waters on and around the site. 

When the maximum concentrations from the Plant Site data are compared to the appropriate Ambient 

Water Quality Criteria (AWQC), the following constituents are shown to exceed the criteria: 

• Chloroform [maximum concentration of 6 micrograms per liter {pg/I) exceeds the surface 
water A WQC for water and fish mgesbon of 0 .19 µg/I 

• 1,2-dichloroethane (maximum concentration of 7 µg/I) exceeds the A WQC (also for water and 
fish ingestion) of 0.94 µg/I 
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Surface-water monitoring data for the Fann Site were conducted on a very limited number of 

parameters, and could not be compared to the A WQC. 

Additional surface-water monitoring data is being collected and analyzed as part of the ongoing 

Remedial Investigation for the site. The Remedial Investigation was not complete or available to the 

pubhc at the time of this report's preparation. 

Sediments and Soils 

Sediment sampling was conducted from September 19 through October 18, 1989, as part of the Phase 

1 Remedial Investigation (Reference 6, pages 1 and 2). The results of these analyses will be provided 

as part of the Remedial Investigation, which is not yet available for the public. The sediment samples 

from this sampling eplSOde were analyzed for volatile and semivolatile organic compounds, tot.al 

metals, pesticides, PCBs, and radionuclides (Reference 3, Memo Page). 

There were no analytical data available to characterize potential contamination of the soils at the 

TWCA site. However, as described previously in this report, TWCA received a pemllt from ODEQ 

to use the sludge from the wastewater treatment processes (stored in the Fann Site solids storage 

ponds) as a soil amendment on the TWCA Farm Site. Although this practice was conducted for only 

1 year (1976) the spreading of potentially radioactive material on the land raised many concerns in the 

Site Invest1gat1on Report for the TWCA Site, including concerns about contamination of the food 

chain and long-term contamination of the soil and land The Site Investigation recommended that 

land use in the area be restricted (Reference 1 Chapter 5, page 8; Reference 4, pages 4, 5, and 6). 

TWCA has been monitoring the ambient arr for radon emissions and radionuclide dispersion on and 

around the site since 1967 under Air Contammant Discharge Permits (Reference 1, Chapter 6, page 

12). Extensive area and point source studies have also been conducted relative to radon emanation 

and radionuclide dispersion near the LRSP, Schmidt Lake, and Farm Pond areas Measured radon 

concentrations averaging 0.26 pico Curies per liter (pCi/l) have been simllar to background levels 

(0.21 pCi/l) in the vicinity of the site (Reference 1, Chapter 6, pages 13, 14, and 15). Auborne 

particulate studies have indicted no detectable concentrations of alpha emitters; air emissions are 

considered an urumponant pathway for radionuclide transport. Monitoring of gamma radiation levels 

at the site boundaries and selected areas in the facility also indicate that levels are below the limits 

specified by the Nuclear Regulatory Commission (NRC) (Reference 1, Chapter 6, pages 12 through 

18). 
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ENVIRONMENTAL DAMAGF.s AND RISKS 

The ongoing Remedial Investigation/Feasibility Study, addressing contaminated ground water, surface 
water, soils, and sediments associated with manufacturing and disposal activities at the TWCA site, is 
currently being undertaken by TWCA and its consultant, CH2M Hill. Until an Endangerment 

Assessment is completed, detailed information on environmental damages and risks for the whole site 
is not available. 

A general assessment of risks for the entire TWCA site were provided as part of the Site Investigation 
report for the facility. Some of the risks identified in the Site Investigation included the following 
(Reference 4, pages 4 through 7): 

• The threat to workers by radon gas 

• The potential that flooding could cause widespread contamination of radioactive wastes 

• The contamination of the land by the application of radioactive materials 

• The potential for ground-water and surface-water contamination. 

A more detailed assessment of the environmental risks from the LRSP and Schmidt Lalce was 
provided m the ROD for those units. 

Analytical data from the ROD (see Tables 4 and 5) indicated that the LRSP and Schmidt Lake sludge 

contain metal compounds including zirconium, hafnium, chromium, mercury, mckel, uranium, and 
radium. Cyanide was also found in the sludges. Several organic compounds were also identified; 
hexachlorobenzene bemg the most prevalent (Reference 7, page 13). 

Many of the constituents found in the sludge were identified as contaminants of concern in the ROD. 
The following constituents were specifically identified as contaminants of concern and potential risks 

to human health: 

• Carcinogens - Arsenic, beryllium, bis (ethylhexyl) phthalate, cadmium, chrorruum-VI, 
hexachlorobenzene, methylene chloride, nickel, tettachloroethene, trichloroethane, 1,1-
dichloroethane 

14 



Mining Waste NPL Site Summary Report 

TABLE 4. CONTAMINANTS IN LRSP SOLIDS 
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TABLES. CONTAMINANTS IN SCHMIDT LAKE SOLIDS 
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• Rad1onuc!ides - Uranium, thorium, radium 

• Noncarcinogens - Antimony, barium, zirconium (Reference 7, pages 14 through 16). 

The LRSP and Schmidt Lake are located on the floodplain of the Willamette River; therefore, 

contamination by flooding is a potential risk. The two units are also unlined surface impoundments 
that could be a source of ground-water contanunation. Another concern is contamination by airborne 
dust from the ponds as they dry during the summer months or dust resulting from sludge removal and 

potential treatment. The last major risk concern potentially resulting from the sludge from these units 
is direct dermal contact by onsite workers or trespassers (Reference 7, page 13). 

The ROD estimates that the risk of developing cancer from the LRSP and Schmidt Lake sludges 

ranges from 1 in 1,000 to 1 in 3,000 for exposure over a lifetime for people who reside onsite The 
greatest cancer nsks are from nickel, chromium-VI, arsenic, and hexachlorobenzene. The risk of 

death from cancer due to exposure from radionuclides if no clean-up action 1s taken range from 7 in 1 

million to 1 in 1,000 (Reference 7, page 17). 

REMEDIAL ACTION AND cosrs 

According to EPA, the overall Remedial Investigation/Feasibility Study for the TWCA site is not yet 
completed and is not expected to be available until 1992 A ROD for Operable Unit 1 (1.e., the 

LRSP and Schmidt Lake) was finalized ID December 1989 as part of an expedited action to address 

those sludge ponds. Seven clean-up altematlves were developed and analyzed in detail in the ROD. 

Of these, an action involvmg the removal, sohdification, and offsite disposal of approximately 85,000 

cubic yards of material from the LRSP and Schmidt Lake was selected (Reference 7, pages l, 3, and 
4). 

The specific remedy for the remediation of Operable Umt 1 beg1DS with the excavation of sludge from 
the LRSP and Schmidt Lake. Once excavated, the sludge wtll be mixed with a solid1ficat1on agent, 

such as Portland cement, to improve the handling and transportation of the material and to reduce the 

mobility of the contammants. The solidified sludge will be transponed offsite to a permitted solid 

waste disposal site. As pan of the requirements for thtS disposal, the waste will be placed ID a 
separate, lined monocell and capped according to State and local requirements. The monocell is also 

required to have a leachate control system (Reference 7, page 34). 

The estimated cost for the remedy is $10.7 million, with the specific elements and costs of the action 

defined below: 
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• Sludge Removal and Hauling - $590,000 

• Solidification Treatment Process - $1,586,000 

• Offsite Disoosa) - $6,000,000 

• Engineering Design. Bids. Contingencies. etc· - 2,540,000 (Reference 10, page 35). 

The long-term operation and maintenance costs (including monitoring) are included as part of the 
offsite disposal cost. 

CURRENT STATUS 

According to EPA Region X, the Remedial Investigation/Feasibility Study is ongoing and expected to 
be completed in 1992 (Reference 11). TWCA is preparing to remove the LRSP and Schmidt Lake 

sludges under a February 1991 Unilateral Administrative Order. The monocell will be constructed at 
the Findley Buttes landfill in Boardman, Oregon. 
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Chapter 2 

CURRENT SITUATION SUMMARY 
Revision 4 
October 1988 

PHYSICAL SETTING 

TWCA is in Millersburg, Oregon, an industrially-based com

munity 3 miles north of Albany. The site is predominantly 

in Sections 21, 28, 32, 33 of Township 10 Soutjl, Range 3 

West, Willamette Meridian (WM), in the no_rth~central part of 
-- ----c._ 

the Willamette Valley of western oregon;..~t~igt:re~~-ll. It is 
- =--- ·-::.._ -==== 

roughly 20 miles south of Salem, 6 s.--In.iler south -·of Portland, 
:~ --~-- __ ?- .:".?-

and 60 miles east of the Pacific Oce~.~ 

·;::-~-~~~> 
Plate 1 shows the site b~ri~~·:~~ihe~TWCA site consists 

__ -- ::?"""=-:;: 1 -=-~ \_ 
of two maJor areas: ~h~ plant;,,,,s~~ area and the farm site 

~ ~ ,r- ::. ? 

~ ~-"'" :/"=-=-, "'" 
area. The 110-acr~laat sl te ~ntains an extraction area 

~ .,_ ~ ~ 

south of Truax:cf~~"'\,f~")cation area north of Truax Creek, 

a solids stora~~~ea Je~t of the Burlington Northern Rail-
"'\. ···~·-•,./<~--· 

road (Spokane-Portlan~Seattle Railroad), and a parking and 
";,,/" 

recreation area east of the Southern Pacific Railroad. The 

farm site, approximately 115 acres, is 3/4 of a mile north 

of the plant site and contains four 2-1/2-acre solids stor

age ponds. The ponds are in the southern portion of the 

site; the remainder of the site is used primarily for agri-

culture. 

The immediate area surrounding TWCA is primarily industrial 

(see Plate 1). The industries closest to the sites are: 
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o Willamette Industries' Duraflake Division particle 

board plant, at the northeast corner of the TWCA 

plant site 

o Willamette Industries' Western Kraft paper mill, 

including settling and infiltration ponds, north 

o: the TWCA plant site and adJacen;-,,to the Willa-
#".::=- _____ ::-

met te River __ / ~-

0 

.:f=- =--'~-~==~ 
: --~)-~-- -,.,~~ -="""~ 

Menasha Corporation's wood~£lour-_ proc~s~ing plant, 
-=- __ ~--- ----=-

east of Willamette Industr-=zes~-Duraflake Division 
..#"-=-""""'=-- --.~ "'!;,' \ \~:=~~ -? 

Georgia-Pacifie.=GQrp~~~~resin plant, also 
/--~-:. \ \ =~-

east of Will~tte~dus~ries' Duraflake Division 
~=v~--~~ 

~...,,_ "'\.' 
Simps.c:fu...-"Tiii'ihir.. e-om)any' s plywood mill, about 

-i-£=. \~ -= 

1/2 iri'i.l.~southwest of the TWCA plant site 
'-V/:,,. 

= ,,. ,_:79 

0 

0 

0 Truax Oil Company, Linn County Plywood Mill, and 

SRC Incorporated, all between the TWCA plant and 

farm sites on Arnold Lane 

o Elstor Sales Corp. (formerly Sun Transformer), 

about 1/4 mile south of the TWCA plant site 

The land to the north of the TWCA plant site is used mainly 

for industrial and agricultural purposes. The land east of 
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I-5 and south of the plant site is used mainly for residen

tial and commercial purposes. The land west of the Willamette 

River, which forms the western boundary of the plant site, 

is used for farming. The land surrounding the farm site 

area is agricultural. Albany, the urban area south of the 

plant site, has a population of approximately 27,000~ Mil

lersburg has a population of about 560 peopl~_ TWCA employs 
__ .r --

more than 1,300 people from the area. :··: ;:..-: 

/~>::-"<:~. 
~,~-

~,,.. '""' ---
CVRlS 3/037 ' I 

f~,~ ..... .,,_ 
;;.. ....... ... 
1.~ -....--
~ ':I !f" ""Ill.. \. \ _/ :....,,,_:-

-~ ;,.Vf 
-- ~ '!.. ~ 

/""~~1 \\ 
'<'"/_~~~ 
~ .: v 

/~,~ /"'" ,.......-...... '\ 0 
-= .::!" ~ :r ,, \ ~ 

'~.r} ~f .,,. --
~ /-,/_ 
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ENVIRONMENTAL SETTING 

The topographic and geologic, cll.matic, groundwater, and 

surface water conditions of the TWCA site are described in 

this chapter. 

TOPOGRAPHY AND GEQr;OGr-~ 

---=-:::. --!:... 

-- -==-""'ltl."""'ZI... =-:::..-=-:.. ~ ----
The broad and relatively flat W~:lJ.~~ec~valley was formed 

',~- -~-~ 

by the Willamette River as-.j,t meanc}erea· back and forth be-
~ '=%. -:: ----

-~ _ ..... -""'- § ==t. ::.. 

tween the Coast Rangef~~nt~ift&- to}the west and the Cascades 
;.=-::.._ ~-..... ~-~ --- ,--===--:;.. --~ ::,-

to the east. The %.2....una._~s~rface-- in the vicinit·· of TWCA 

slopes westward/~~?.t_~~~t~iver with a gradient of approx-
<_~ -~~-_ -

imately ll feet~ mile~ Most of the hills within the Wil-
'" ~ ~-"" V" -

lamette Valley co~s~·~of relatively resistant volcanic rock. 
~-

The uppermost qeoloqic unit in the Albany area is undiffer

entiated younger and older alluvium deposited by the Wil

lamette River. The upper portions of the alluvium include 

about 5 to 15 feet of clayey silt mapped as Willamette Silt 

by Allison (1953). Below the silt is a sandy gravel deposit 

varying in thickness from a few feet to tens of feet and 

mapped as Linn Gravel (Allison, 1953). This unit is wide

spread in the mid-Willamette Valley but is exposed only 
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where the silt has eroded. Frank (1974) differentiates the 

gravel into younger and older alluvium. The younger depo-

sits are limited to the present flood plain of the 

Willamette River; the gravels beneath the TWCA plant and 

farm sites are mapped as older alluvium. Younger alluvium 

may underlie the western half of the Lower River Solids 

Area. 

The alluvium is underlain by a fine-g~ned ·~~Tty clayey 
- -

sandstone (sometimes a sandy, clay~~~ilt5.tone 0r sandy, 
-- ~------ -

silty shale). This rock unit is par"t.._o~ the Spencer Forma-
-~ -,,._ -,,_ 

tion, which probably underlie~ rlt&S.~ ~~ Albany area (Frank, 

1974). In places it is deeQly ~~~~e=r;~ and soft; in others, 

it is moderately hard~~~t~A~;~~on and redeposition as a 
--=-= .... -~-~---.r- ~- =~ E:?"' 

soft silty, clayey~d\..~~~ si~ clay may also explain some 

of the unit's '14"~i'hl'l°ity':-~~)ecause the Spencer was an ero-
-~ .:l. :. ~ 

sional surfac~-~lor t~ i11uvial deposition, the thickness 
~= ~--- ___ =-

of overlying alluv"hui:v--is variable. The Spencer is exposed 
""'='" 

at the surface about 2 miles west of the site, across the 

Willamette River. 

CLIMATE AND METEOROLOGY 

The climate in the Willamette Valley is influenced by moist 

maritime air masses from the Pacific Ocean. Temperatures 

are moderate, with maximums seldom reaching 100°F and minimums 
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rarely reaching 0°F (NUS, 1983). Rouqhly 70 percent of the 

40-inch annual precipitation falls durinq November tnrouqh 

March, while only 6 percent occurs during June, July, and 

August. There are usually only 3 or 4 days per year with 

measurable amounts of snow. The average annual potential 

evapotranspiration rate for the Albany area is about 

27 inches. Therefore, there is an average a:iµ:i.~al moisture 
-= _:1. 

surplus of approximately 13 inches. Howeve~~ there is a 
- -- - - -=~ "1:.~:i.. 

substantial seasonal deficit during the~~ry -~r months, 
- :?' -~ --

resul tinq in the need to ir~iqate aq~~u_l'blral ~r~~ds (NUS, 
=====-_q._~--- __ 

1 9 8 3 ) • =,,_ -~ "'"""'- ... ~-

~ ~ ---~---~-~:,~ 
=~ =-:\ ~~~ -:J.... 

The prevailinq wind direc~iQn is °-fl;om "£he south with an aver-
=-.;:r - _..--"=--:. '~ \ -~ 

aqe wind speed of aboJrt[7 mile&_ Pel:' hour. 
~-==-- -~_.i-- --~ ~--=-

' - .::r ~=-
:=-~ ...... ;;."":. -

--<>.-.,,,_--,., ~~---~ ... ...,.,,.=..:::.., 

::i:_ ~ \ = 
'"'-...... REGIONAL GROUNDWATER 

""::;..-v....t"' -=1'9! v?=--
The alluvial deposits of the Willamette River and its tribu

taries make up the principal aquifer in the Albany area 

(Frank, 1974). The layers and lenticular bodies of coarse 

sand and gravel in the alluvium locally yield large quanti-

ties of water to wells. The coarse deposits are interbedded 

with finer deposits of sand and silt that produce consider-

ably smaller quantities of water. The underlying Spencer 
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Formation has low permeability and yields only small quanti

ties of water to wells. Water wells drilled into this for-

mation locally produce poor quality saline water (Frank 1974). 

Direct precipitation during late fall and winter is the pri-

mary source of aquifer recharge in this area. Regional 

groundwater flow is to the northwest and west~where it dis-

charges to the Willamette River (Frank, 1914( and locally to 
-= --=- :i.:i. .. 

Truax and Murder Creeks. 
-- ::: -~c_ 0:::-_j'':?·: -~-- -

-:i..:;. 

- - ---
(~ <v<- -~ 

All known domestic wells in the TWCA~icinity are upgradient 
,,.-~ ~ ~~-

.r ~ ' =-
of the site. There are no kn~~~i~·municipal, indus-

\ \ ___ .r-- -~~;3" 

trial, or irrigation wella=1._ocat,d" J;etween the site and the 

<~:i:.,;v 
~~ -~ 

Willamette River. 

/--:;~~~~\~,) 
"'- "'" ' c "'-~ ""-""'- SITE GROUNDWATER 

~~~~=~f_--

v· 
The general hydroqeoloqic conditions beneath the plant and 

faI'l!I sites have been identified based on specific hydrogeo-

logic data from previous investiqations (see Fiqure 3-1). A 

few other monitoring wells and numerous geotechnical founda-

tion borings provide additional information. 
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PLANT SITE 

The conceptual model of the hydrogeologic system in the 

plant site area is swnmarized in Figures 3-2 through 3-11. 

These figures have been reproduced from CH2M HILL (1982 and 

1987a). 

The following generalizations can be madeA1bout plant-site 
-- -

groundwater conditions based on the C~IL!a..~reports and 
-- --- ---

other reports listed in "Reference~Jr--="(Chap,ter a}: 

0 

0 

==-_ --=~ _:rr -

-;_==-::. ~~ 
_f~~ "'- ---~ 

Fill material is present.~a?li across the plant 

-·-~-~,\-=--): ~ -==-=-~ site. -~"':.. 

- -:I =;,. -i; 

~:~<::~~~~~} 
Alluvia;~~~s ranqing in thickness from 10 to 

:r =,_ - "'-

20 f~-~~nea'r1:be metals-forming area and up to 
-==-' -~ -

60 f€e.t~~n~~t}1 the Lower River Solids Pond (LRSP) 
~ v- ~ .. ~ 

form the~~urficial geological unit at the site. 
v· 

o The upper alluvium is composed of flood plain de-

posits consisting of fine-grained lenses of silt, 

clay, and some sand (Willamette Silt). These de-

posits have relatively low permeability and pro

duce little water. Permeabilities are typically 

-4 
less than 1 foot per day (3.SxlO cm/sec). 
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o The lower alluvium (Linn Gravels) consists of water-

bearinq coarse-qrained deposits of gravel and sand, 

often with thin lenses of silt or clay (referred 

to as •shallow aquifer"). This unit is the upper

most aquifer. Permeabilities are typically be

tween 10 and 100 feet per day (3.Sxl0-3 to 3.Sxlo- 2 

cm/sec). 

r - --=--=- "=:: 

o Bedrock consisting of a fine~ined ~silty clayey 

0 

sandstone, sandy clayey s1ltstcm.e, or=~andy silty 
= .. _ -- - -

shale (the Spencer Formation) ~underlies the lower 
---- ~~-- - -- = "l._'i:i. 

alluvium in most of "'the...,.~"l~nY...~area. Locally, the 
== ~- --"=' 

unit appears to._,.b~ eithe~:d~eply weathered or 
~ ::.. ---

_= --~ : - -
eroded and ~~po~>tled~s a soft silty clayey sand 

=i. ..,,_ ~-- -=- -:;:-
-==::.. '·u .. /.:· -~ .. ~ 

or a sil~cfa~-{- -=...,,..-
_,,;r ~ ~- ""-

: ~-"'_,,,,.-,,.===""=-....,,,""'\..,._ =""'".,,_,,}" \.' \ : 
Wate~e!{elsjate generally shallow, ranging be

= '- - --'- v ~-
tween ap~o~ately 5 and 9 feet below ground sur

"'!;,r-

face in the extraction/fabrication areas and be-

tween approximately 3 and 22 feet below ground 

surface in the LRSP area. 

o Groundwater in the shallow aquifer flows generally 

westward beneath the plant site toward the Willa

mette River, with local drainaqe to Murder and 

Truax Creeks. 

3-17 



CURRENT SITUATION SUMMARY 
Revision 4 
October 1988 

and sand often with thin lenses of silt or clay 

(referred to as "shallow aquifer"). This unit, 

which is 20 to 25 feet thick, is the uppermost 

aquifer. 

o A blue-gray clay (lacustrine?) underlies the lower 

alluvium in the farm site. 

o Water levels are generally ~~iow~~q~erally 
- ::-=-

ranging between approximat~y i~~to lO~feet below 

the natural ground 

0 

surface'~ -=-
.,.=~~ -:. - ->=-~, 
\ ~-=-~-:--=-___ ::..-

Groundwater in_ t~~ si\}1;-"'a;ifer 

westward beoe~th--the.~f~ site towards the Willa-
.;._=- F.."1..--:.. - la'"-~ -=-'=.::..""='-=-

mette R~~~~~--, ~-./ 

-----~---:!"--~ ~-~ ~-... :.~~-

flows generally _ 

~ ~ = -
:.. ~ ':; = 

Vertrca1'-~qradients are downward through the upper 
,-v-~~--

0 

a11uvium~o7-the shallow aquifer. The vertical .,,.-
gradients are most prominent during the winter and 

less so during the summer, indicating surficial 

recharge of precipitation. 

SURFACE WATER 

Local creeks, ditches, and lakes in the vicinity of the TWCA 

site are shown in Plate 1. The Willamette River is the ma:0~ 
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regional drainage flowing north through the Willamette Val

ley. The headwater of the Willamette River is in the Cas-

cade Mountains about 100 miles southeast of Albany. The 

mouth of the river is in Portland, where it Joins the Colum

bia River. Summer and winter flows in the Willamette River 

near TWCA a=e about 5,500 cubic and 110,000 feet per second, 

respectively, according to USGS gaging records.: Portions of 
-

the TWCA plant site are in the 100-year and 5~0-year flood 

plains of the river (see Plate 1). Most~~f -the~TWCA plant 
--- -~ -

site east of the Burlington Northe~~~~~~~ks was~above the 

1964 flood elevation. The corridor ~oag Truax Creek, how
,-~ ~-, ~-

ever, experienced siqnificant~~dhLq-~rlnq this record 
\ \ _;-=- ---:: 

event. The Farm site is &bQ~e \he"~50~year flood plain. 
- - ~ 1i = 

/-~-~------~-) ~~ \) 
-:,,_ ~ "-,,,,_,__-- -~=:i,,...._ ~ = 

Local surface water_dr~age iS"=---predominantly westward to
------~, ~~ -~ 

wards the Willama-C"~iver~~ _-'Site surface water consists of 
~-- ~ ~\ -: ~ 

bodies that rece4.~ drainage from the plant site, including: 
-:;:. T::t.. -- .:-
=-~ 'V / 
~v~:: 

o Second, Third, and Fourth Lakes, and Conser Slough 

(ox.bC>li lakes formed when the Willamette River aban-

doned a former channel). 

o Truax and Murder Creeks that drain the plant site 

from east to west. The creeks join northwest of 

the plant site and flow northward through Third 

Lake, Fourth Lake, and Conser Slough, ultimately 

discharging to the Willamette River. 
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The Farm site is drained by two drainage ditches that enter 

the area from the east and also flow westward, discharging 

to Conser Slough and the river (see Plate l). 

The Willamette River is used for a variety of purposes, in

cluding recreation~ fishing, agriculture, and industry. It 

also serves as a water source for wildlife. Ho communities 

or individual residences downstream of ther-TWCA plant si.te 

are known to use 

ing water at the 

the Willamette River 

present time. 

~ ....... 

-

-- -=-=-:.._ 

~-~a sour~--
-"'-

-.,.. __ 
: 

- -==-- ~- --= 

of drink-

Truax Creek receives discharg~·-:;t-~c;u.l~t:e.d by NPDES permit) 
-=- -:::. -- ~ 

from the TWCA process was~te~-~atment system and from 
~--~=-=- 1:~ 

parts of the plant si;'{~to~~j.age system. Murder Creek 
' '~£=- --~- -7-

receives dischar9;~0!1.tl( roitf' drains) from the plant site 
_,.~~~'-' 

storm draina9e£s~tenn.,,_ ~otb,.~creeks and Second Lake are also 

local groundwa~~iscJalge areas for shallow groundwater ,v-./'" 
beneath the plant Sitt.tr. 

"="" 

Since 1967, air quality monitoring has been in effect and 

TWCA has been operating under Air Contaminant Discharge Per-

mits. Area and point source studies have been conducted 

relative to radon emanation and radionuclide disperson near 

the LRSP, Schmidt Lake, and the farm site (Scientific Appli-
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Chapter 4 

PLANT PROCESSES 

The TWCA site has been operating continuously for approxi-

mately 30 years. Operations began in 1956 when, under con-

tract with the U.S. Atomic Energy Commission •~--~ah Chang Cor

poration reopened the U.S. Bureau of Mines- Zirconium Metal 

Sponge Pilot Plant. Construction of n~=~ac~i"t4es, at the 
= --

-
site of the existing plant, began a· 1"951-=-.. _ These· facilities 

-~ -
were established primarily for the pDQdu~tion of zirconium 

....c...-,:_ -:. --=-

and hafnium sponge. However,'~~~-~) niobium pilot 

facilities were also inclwie.d. \~~e-~l=rl°;~and fabrication op

erations were added in:r~i9s9"~~~~~~yne Wah Chang Albany was 
~ =-::.. __ -;:: ---:- - -- ::=::.. ~ ~ 

established in 1967.af~~l'""eledyile Industries, Inc., pur-
--- --::::'---;._ ~-~' 

chased Wah Chanq ___ E:orpo_~a._tro.n}of New York. 
;· -=:... "\ -

~3\. ~, : 
~ ~ -
--'- -~-=-- --=---

v 
ZIRCONIUM AND HAFNIUM 

TWCA is a primary producer of zirconium metal. (The zir

conium manufacturing process is shown in Figure 4-1.) 

Zircon sand, the principal ore, is imported from Australia. 

This material is found in deposits that also contain several 

other important raw materials, including rutile, ilmenite, 

and monazite. Zircon (zirconium ortho silicate, ZrSi04 > is 

4-1 



..... ---
.~ ®. Jff1 ~ ~~~ .. _ 

IE.AMWIU>fMM 

,._ 
""''" 

- - - -- ----------- ---------' 

·--............................... _ _.... ______ ...._. ........... ._ __ _ ............................... __ _._ ........ _... ..................... -...-................. _...... .. ___________ _ ... _ ---.. - ....... --..-__ ...__,,_ - -~------...-----·--...__ ... ......_.._.._ ... ______ .... ___ .... .,__....,._ ....... -.. .,._--
........ - ........ --.......... ·--....... --....... ~---c:iw· ....... c ............... ....._..tlGI ___ ____ 
~ ....................... ..__ 

.... c.... &Cl.•tlC\•Cle 
~---....... --_ .......... __ _.. ........... -.-.... .... --.... ._,_, ....................... ...... 
& .... ...... ...... __. ...... _..._ .............. ....._..._.._... ...... _. ......... . ............ ...... _. ........... ~----------..... .....-.-............ .-. .......................... __...,_ . ..,_,..... . ... .-.-.....-.. ..-... .. ..._ ....... _ ...................... _____ .......... .,._ ..................... .__ .... ___ ....................... __.., ... _...._...,.. 
....__ .................... ....._ .... ...,._.__ .............. -. c....,.... ............ --...................... ._. ..... ......___.., .......... _... .. .-..-... _......, .............. ._...... ... ...____.,__. . ..__.__ ....... __ ............................ ---...... _. ........ _....._ .... ----..... - .. - ...... -. ...... .. ....._. ......... --........... _ .... ____ ....._ ___ ,,_ . 
...,...._ .......... ~.----·---..----·---.-.-.~.--.. ... ._..... .......... - ........... --.. ..... -..... ......... -....-_... ........ .......,.__----., ·-. ..:::::--..= ................ ---. ............................... _ .. _ .................. -...--. 

Mt• IC • IDt ---.-- K.t. • .CO 
...... _...._......,. ________ ..... _______ _ .. _ 
.. ------·---....--·-------..-·---·----AiG..... .. . -.c-. .......... ~ ................ . ··-... ._.._._.. .............................. .._ .................................................. .. --·-----....-·--------....... ·-.-..--.. ._,._ ·----.............. --............ _. ___ ...... _..,._.. __ -~--... ........................... ___ ....... ..... .. ._ .................... _.___,.__ . .,.... ........... _____ .. ·--......... -..... ··-_...,._ .. _ _..,._ ....... ..,._ ____ .....,... __ 
·-, ... - ........ _....._... _ __.. ......... _.__ ... -- . ' -··-· ......... ._ .. , .. .._,..._. ______________ _ 
.. ._ .. ._ -------...... -.......... ··---------... ....... ...._..._.,._.......,_ ··-c.. .......... -.. • ...._ ..................... ....... ..... _ ..... ..... __.. .... _ ............ -~~· .......... -.-.....-.-. ... _ 

Fogure 4 - 1 
ZIRCONIUM 
MANUFACTUlllNG l'lllOCESS 
............. ""-9,....,.,. 
_.,._ 



C~RENT SITUATION SUMMARY 
Revision 4 
October 1988 

concentrated in Australia by gravity, electrostatic, and 

magnetic methods to remove all but a small amount of impuri-

ties. 

SAND CHLORINATION 

The zircon concentrate is combined with petrQi~um coke, and 

milled/mixed in a ball mill before feedincf" to_ a chlorination 

reactor. The chlorination reaction, c.cn;ductSd a~ a tempera

ture of approximately l,100°C (2,012°~) r:"'i..s as follows: 
---:.. =-- -- -

~ """"- "-.._ 

ZrSiO 4 + 4C ~ 4Cl2 .. zrcf.4 ;:.~CJ.:~~~--4CO 
:z_ ::. - -=- -
--::.. ":,::-= - -- --=-

- -~"' - .1!"-

The silicon tetrachlo_fi~~)ie.l~n~~nd zirconium tetrachlo-
~--- ---~--- - --=-~-- ~ -

ride (Zrc1 4> are ~~Ra£a~~<L~by fractional condensation. Re-
r -- -.,_"'i:.z,. 

--- _..::=sc=-~ -__ ~ ~ 

maining offgases_ent~a s~ber where caustic soda (NaOH) 
-=-:;. _, ---:: :;: -

removes chlorin~~ ~~~orides. The Si.Cl4 is purified and 
_¥'":-

sold as a byproduc~ J~ 
-;,; 

SEPARATIONS 

Most zirconium minerals contain 1 to 5 percent hafnium. 

Hafnium is a sister element of zirconium; their chemical 

properties are almost identical. The hafnium level in zir-

conium used in nuclear reactors must be extremely low. Zir-

conium has a low thermal-neutron-capture cross section and 
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will allow neutrons to pass through it without appreciable 

absorption of energy. Hafnium, on the other hand, will ab

sorb appreciable amounts of energy due to its high thermal-

neutron-capture cross section. The zirconium-hafniwn sepa-

ration process involves dissolution of the Zr(Hf)Cl
4 

in water 

with subsequent feed to a liquid-liquid extraction unit oper-

ation. The feed solution is mixed with an oz:i;~ic solvent, 

methyl isobutyl ketone (MIBK) , containin~--~~nium thiocyanate 

(NH4CNS). Hafnium is more soluble in .tiie----~;9,;ni..c (extract) 

phase and thus is separated from ~-=~'~s c:~}inate) 
~~ -=---=--=-- -.: 

phase. Hafnium is removed from the ~t~ct phase by strip-
/~ "':::_~ ---~ 

ping with sulfuric acid, and t:h~~~d'-~.into a solid by 
:i. 'h -:. --

precipitation with ammonilua.....{1Y~~j4~40H); the preci-
- __ .:--""'=i:i 1 ~ -\. 

pitate is isolated by;f~tr~~n?a~d calcined to an oxide 

(Hf02 ). Zirconi~,.i§~~c;~~~~;; the raffinate phase by 

precipitation ~~-=su.-i..[a;~~~ns (SOf). The precipitate is 
"":.._ "'- i -

isolated by fi!'f~ion/ _,repulped with ammonium hydroxide, 
~ ~ .:· --

and calcined to a~e (Zr02). The MIBX and thiocyanate 

materials are purified and recycled. 

PURE CHLORINATION 

Zirconium and hafnium oxides follow similar paths to metal 

production. Zirconium oxide is mixed with petroleum coke 

and fed to a chlorination reactor. The chlorination reac-
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tion, conducted at a temperature of about l,100°C (2,0l2°F), 

is as follows: 

Zr02 + 2C + 2Cl 2 • ZrCl 4 + 2CO 

Reaction offgases are scrubbed with caustic soda to remove 

chlorine and chlorides. 

REDUCTION 
~-- J"--

- '-. 

-----:._ 

The final extraction operation invol~s(the reaction of zir-
f~ -"\.. --- __ 

conium tetrachloride with eleil.a~J~~gr?esium in a classical 
"===- \:: _ _ --:--=- -~--~ 

"Kroll" reduction reacti~ ~ 7~; 
:i:i. :: r 

~:= _:.r-:::i.~ \ ~ 

-.'.'.'.: ~ .;. __ ~_ ... - ; ..::--~~~\..·: 
ZrCl4 + 2Mq :~~+~-~~12 ,,,_.,,.,. 

Maqnesium 

zirconium 

_-- -~--=...~-::: __ ::_ 
- r_:; • .. 

:. :. 

~ ~~ 
-::.~ --

~ -=:: 

chlo~e..~(M~c~2 > is physically removed from the 
T::.~ ~-=- .-

sponqe anq~&t>ld as a byproduct. The zirconium -....-

sponge is then heated in a vacuum (distillation) to remove 

any residual maqnesium chloride or elemental magnesium, which 

is recycled or sold as byproduct. 

CONSOLIDATION 

Consolidation of the zirconium sponge into ingots involves 

crushing to 3/4-inch minus, blending appropriate quantities, 
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and pressing into briquettes. The briquettes are then welded 

together with an electron beam to form an electrode suitable 

for consumable vacuum arc melting. 

FORMING 

Zirconium and zirconium alloy ingots are proce_ssed into nu

merous shapes and forms such as forqings~~~la~e, sheet, foil, 

tubing, rod, and wire. The forming o~f;;;~~~~"include forg

ing, rolling, extrusion, drawing, t~~?:~auct~~rr:~and swag-
~~ -::~---=-- .:- -

inq. Intermediate and final surface~~o~ditioning can involve 

caustic cleaning, degreasing ~~~~ichloroethane 
(1,1,1-TCA), and picklin~~ \-·~r6riuoric (HF)-nitric 

. .£ ~ ~ -;, == 

(HN03) acid mixture • .(CFst:}h!1d)cid solutions are treated 

prior to final di~b.aE~;'~-T~~l,1-TCA is sent to a recycler 
~-::- ~ ~- ii..."1!::i.. 

for purif icati9fi~.4n~~~~ 
~' ; ~ 
~~ )/: 

=V;r 

'~--"' ,,,.~ 

NIOBIUM AND VANADIUM 

TWCA can produce niobium metal from an ore, using sequential 

processes of chlorination, hydrolysis, precipitation, calcin-

ation, and aluminothermic reduction. The rate of operation 

of these processe: is variable due to changing demand for 

the metal. Offgas ~re scrubbed with caustic soda for re-

moval of chlorine a :hlorides. 
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WASTE MANAGEMENT PROGRAMS 

Waste management programs at TWCA include a wide range of 

activities because of the many processes involved in produc-

tion of nonferrous metals and products. These._ activities 

include process wastewater treatment, sol.id waste manage

ment, hazardous waste management, PCB_e~ip~~~~management, 
I =--= ::--- --=- -:. __ 

radioactive-material control, waste-·--nai°iiillli.zation=--through 
-=--~.:-- --

~~ -:.~--~-=- -=-u.--~: 
- '=!;,. ~ • 

f~~ -,~~ 
TWCA operates il"~~stewater""'treatment system for management '' \ ~ of industrial w~e-waters generated from the manufacturing 

"'-~v--~""'-
and forming of non~bus metals of zirconium, hafnium, 

titanium, niobium, and refractory metals. Domestic waste-

water is collected separately and discharged into the sani

tary sewage collection system for appropriate treatment by 

the City of Albany. 

The facility's central wastewater treatment system consists 

of a continuous chemical precipitation and sedimentation 
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system. Metals removal is accomplished by neutralization 

with lime, magnesium hydroxide, or sulfuric acid and carbon 

dioxide to pH 6 to 8 to form metal hydroxides and sulfates. 

Fluorides are removed by the formation of calcium fluoride. 

These compounds are removed in a clarifier by settling. 

Solids generated from the operation of the clarifier, 

referred to as "sludge,• are placed in storage_ ponds for 

additional settling and dewatering (see the d~scussion that 
-- ---

follows on wastewater treatment system.~iidsJ:, 
=~ _/-- - - ~ 

An emergency neutralization system~}~-i~-place so that the 
,.--~- ~ ~ .... "'"-.,._ 

treated wastewater's pH can b~~~-W~h~n acceptable ll.Zilits 
=--=- =~ _? ~ -.., 

should the central waste~r treat.en~ system malfunction 
-~- ~-~ "\= \ ~-

before its discharge _1:6£~rua~r~I. Sodium hydroxide, sul
~-~ -~v __ .r -~ ~ ~ 

furic acid, or car~di.oXJ;ae liley be added by the emergency 
.r-Z'.;- '- "Tu.~ -, 

neutralization:.s~~.~\ ""=-~ 
~ %. .,. ~ =,"' ___ ;) 

-i:.:: "V / 
Other systems usecl"""iiat,,.--'l'WCA located on the upstream side of 

""!;,; 

the central wastewater treatment system include: 

o Dechlorination to remove residual chlorine from 

the blowdown of air pollution control devices 

employed for the removal of chlorine and chloride 

from gaseous emissions 
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o Spill collection and treatment to assist in meet-

ing limits for MIBK, ammonia, and thiocyanate from 

the separations process 

o Thiocyanate regeneration for control and recycle 

0 

0 

0 

0 

0 

of thiocyanate within the separations process 

Ammonia recovery 

::-- .::= 

Oil separation --- ---~:: __ :.:-:::. . -~ 
- -- i;.. 

~~:-~--__ / 

;.~- ~--=-~ -,~ ~::. 
MIBK steam stripping,, ~or- eon~or and recovery of 

MIBK within the..A1epa~~~~5=-;~ocess 
(<~=)~5 

Barium su~tat~_~pr~Ci~itation for control of 
::::-- ""Cl... -::... -":I. __ #"~'~' 

radium f '- \, ' ... --" 

'~)) 
Selectiv-=a.iiranium precipitation and settling with 

"ia" 

filtration for solids dewatering 

o Boildown for concentration of a dilute solution of 

ammonium sulfate for use as fertilizer or recycl-

ing in the zirconium/hafnium separations process 

Figure 5-1 is a block diagram of the treatment systems and 

process wastewater sources at TWCA. 
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The process wastewater t:eatlllent facility was issued an 

NPDES permit in March 1975 by the State of Oregon Department 

of Environmental Quality (DEQ). Two addenda to the permit 

were subsequently issued. The permit expired in June 1978 

and was reissued in October 1978, with an expiration date of 

July 1981. Application Forms 1 and 2C were submitted on 

April 10, 1981. DEQ extended the expi~lon-d~te until a 
_: ::=-- - -

new perml.t could be issued. Issuanee:-of.-a. new ?ermit was 

delayed by CEO until national e_fflu~~=Ij.mitations guide-
_.~-~- --.,,,__ --"" 

lines could be established cso.._~~6~~eptember 20, 1985 
:. ~-- :=-=- C- ---:r 

[nonferrous metals manuf~ring=~J:lAse-='tIJ, SO FR 34242, 
- -==- ~ =--

August 23, 1985 [nonf~-~~-;) ~als)forming], and 49 FR 8742, 
--;:..-, --;.-~----- -~ ~~-.::-

March 8, 1984 [non~d'tl.~ irfetahrmanufacturing Phase I]). A 
=-:r -~ ~~ '1'~ 

new permit is eJt'Pe~,,,""t.~ ~"J issued by the DEQ in 1988. 

--~' -. '"'::::.. ':.. = ~= 

,-v·--~-· 
'I'WCA has been submht1;,rllg monthly monitoring reports to DEO ..,.,. 
since 1975. 

WASTEWATER TREATMENT SYSTEM SOLIDS 

Solid residues generated from the operation of waste treat

ment systems are most often referred to as •sludges.• 

Sludges generated from the facility's central wastewater 

treatment system are presently stored in a number of surface 
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impoundments. Sludges generated prior to 1980 are contained 

in the Lower River Solids Pond (LRSP), Schmidt Lake, and 

Arrowhead Lake. Some of the sludge, generated prior to 1976, 

was used as a beneficial soil amendment under permit on the 

TWCA farm site located about 1 mile north of the TWCA plant 

site. Sludge generated after 1980 is contained in one of 

the four ponds located at the TWCA fann site a.nd referred to 
t - --

as Farm Ponds 1, 2, 3, and 4. Previous wastewater treatment -- --:.. 

associated with the removal and recovezi~~f~~Gnia resulted 
= -~~ --

-
in the construction of an addition~~.,ponct=-~(v-2 Yond). This 

pond was used for temporary storaqe~~""d~~retreatment with 
_.:-~ -"""~- -~.=--

lime prior to sending it to ari!, ~?ri.a,,_ re_covery steam strip-

ping system. The use of_~s ~~~:~a~~~bandoned in 1979. 
-- --~ -=== ~- ( 

Solids remaining in tl:rl~pop~oiisjst mostly of hydrous metal 
-=:...::..~ --~--- -- -- ----~-:. ~~ 7 

precipitate and ~~tef {1.me ~-wi>lids. 

----:~"''~ ~~0 
=-: ~ :i.= == -

Lower River Sof"~-d~Pond, 'Schmidt Lake, and Arrowhead Lake 
,-~~ =---
~ .;:' 

""'="' 
From 1967 until 1978, the solids produced from various waste-

water treatment processes were stored onsite in the LRSP, 

Schmidt Lake, and Arrowhead Lake. 

Arrowhead Lake was dewatered and covered in the early 1980s. 

The LRSP and Schmidt Lake have not been used to store solids 

generated since 1979. Supernatant water is returned to the 

onsite wastewater treatment plant. 

5-6 



CURRENT SITUATION SUMMARY 
Revision 4 
October 1988 

In the early 1980s, various agencies and environmental in-

terest groups focused on the solids stored in the LRSP and 

Schmidt Lake because of their purported low-level radioactive 

properties. TWCA submitted an application for a site certi-

ficate :or the maintenance of a radioactive waste disposal 

facility to the Oregon Energy Facility Siting Council (EFSC) 

in 1982. A series of public hearings was held. The EFSC 

ruled in March 1987 that the radioactive ~evel of the LRSP - -
sludge was too low to meet the criteri.£~a~ a~-l~•-level radio-

== ---=-- --

active waste and, therefore, was n~t~nde~ EFSC~~ jurisdic-
~ ~ --- ~ -

tion. TWCA, on May 1, 1987, announce.;J p.J.ans to relocate the 
/~ --,·---~ 

sludges approximately l mile t:o ':r@a..e_ them from the 500-
~ =-=; -;.--::- ~---: 

year flood plain. These:P"l-a}ls terf¥placed on hold after it _ 
_/- --~ ~ \ {: 

was ruled that the ri~('ana~~!ation options for the 
"' ""\.-:..--==-.. -.: 3--~~ ~ 

sludges had to be ~ddre9$e(" as ~art of the CERCLA (Superfundl 
=-.:r- ~ ~-==... 

J-"'~""""-...'-"' RI/FS process • ./ / ~ ':. ~"'=""-
:(_~ ~~ ,, ] } ""- "'_/z- f 

"!,. -...- z 

Farm Site Solids S~;i!9e Ponds 

In 1978, TWCA modified the process for the production of 

zirconium and hafnium metal that lowered the trace concen-

trations of radioactive compounds in the sludge. The 

process modification directed the radioactive materials into 

a separate solid waste referred to as chlorinator residue. 

This residue is mana9ed as a radioactive waste and shipped 

to Hanford, Washington, for disposal. 

5-7 



CURRENT SITUATION SUMMARY 
Revision 4 
October 1988 

Sludge generated ~ince the implementation of this modifica

tion has been stored in the four Farmsite ponds. These 

ponds were placed into operation in October 1979, after ap

proval by the DEQ as part of the NPDES Wastewater Discharge 

Permit program. A groundwater monitoring program was imple-

mented as a permit condition. 

Farm Site Soil Amendment Programs 

- ~--;.i--

·- -The use of sludge generated by therceJitra~ wastewater treat-

ment system as a beneficial soil ~~~~nt has been imple-
~--~ -=-=-__ '::.... =-=-.,_~ 

mented in the past by TWCA. A ~- o-l--.....studies were con-
~ -\_ -~-- - -i:...~ -

ducted by the Department _Q.f...Soi~ -"S"~eliees of Oregon State 
.::-~ _,.-~ '\ ~ { 

University under cont;e.~ tc~CA:fiefore 1976. Additional 
-:f:_ -=-.,_ _=- -=--=- '!? 
~ ~-- -~ ~ 

studies were conducted~- ~U It 1979 • 
.?-=-~""'- -~- -=-, 

_,#" .... ~ "' ..... _ ) 
.! __ .. {- "' ""=: ~--

TWCA obtained ~~id 1aste permit (No. 1079) from DEO to 
~ ,..r--.:J __ -

use the sludge as ~ .... s.Pil amendment on the TWCA farm site in 
_.r 

1976. The sludge was applied at an average rate of 108 tons/ 

acre on the 47.8 acres available for soil amendment. Further 

use of the sludge as a soil amendment has not been imple-

mented since 1976. 

V-2 Pond 

The name v-2 Pond comes from the major wastewater stream 

discharged into the pond, which was the lime-treated 
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zirconium sulfate wet cake filtrate (V-2 filtrate) produced 

by a rotary vacuum filter used in the zirconium and hafnium 

separations process. The V-2 Pond was used to settle the 

lime solids in the treated filtrate. Because processes for 

the extraction and manufacture of niobium and tantalum were 

located in the building used for the separations process, 

some of the wastewaters from the niobium and.tantalum pro-

cess used before 1975 were also placed intO ihe V-2 Pond. 
_::r'::- - -===::.. 

-:::_----
---

The V-2 Pond was built in 1960 as ~~-1~e pon~ The ammo-
-

nia recovery treatment system consi~~nciof a steam strip-
=-~ -~~.,,,. ~~-~ 

ping column, was installed in·J~6.9...,.,_tu...~ec:over ammonia from 
\\ .i"_: =-_:;:-

the treated v-2 filtrate P'l"'i~r t<r-""'discliarging to TWCA's 
---=c.. -:.:. :_ :f 

central wastewater trea'tmen'i: ~s~dt. 
'--~~~<~---=---""=-:;-: :--

----~-:.. -~=-~ ~"::.-=::.. 

A dike construct~~~chu~ed rock was installed in 1975, 
-( "'- \ :; 

makinq one larg~Po.,_nd_a~d one small pond. The dike was 
""\ '.....= _-= ;,r r 

installed to reduc1t...the level of sulfate ion in the V-2 Pond 
'='"" 

by directinq the discharqe of separations process spillage 

into the small pond and precipitating the sulfate with lime 

before it entered into the large pond. The contents of the 

large pond were directed to an ammonia recovery treatment 

system. 

A 200,000-gallon tank and a 400,000-qallon tank were built 

in 1977 and 1978 to store the v-2 filtrate in a tank rather 

than in the V-2 Pond. A separations spill treatment system 
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was installed in January 1978, and then modified with maJor 

improvements by February 1980 to eliminate any waste or waste

water influent into the V-2 Pond. 

The contents of the small V-2 Pond were removed and trans-

ported to an EPA-approved landfill for disposal in 1987. It 

is estimated that 5,400 cubic yards of solid5c"-are presently 

contained in the remaining large portion Q'f the pond. 

-=-_-...::-

----
-
~ -

SOLID WASTE°"''- -~~ 

\§;:2-S~" 
CURRENT MANAGEMENT PROG~ \ ~"" 

--- ---~~ ~ \ 1:_ 
- .Z' 'C ;_ 3 

-:~ ~~--,,_~/" -.::::-.,,_= '7/ 

Solid waste management p.;o~ramSvilt TWCA have been developed 
--.,--:-===,. -::.._-::.. ~=-...;:. ':r..'il..=::.. 

and implemented~---tc> cdlapq ~ the requirements of RCRA, 

TSCA, and CER~~~The~e}proqrams include procedures for: 
:i. :i. - ..:: 

'ti.~-=--==--:: ___ : 

-v-
o Proper management and disposal of brand-name pro-

ducts and items used on the plant site 

o Proper management and disposal of solid wastes 

generated by different process operations 

o Proper management of transformers and capacitors 

containing PCB 
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All materials are initially delivered to the TWCA Dwnpmaster 

Area if they are intended for transportation to and disposal 

at a public landfill or at a hazardous waste treatment, stor-

age, or disposal facility. Nonhazardous material is inspec-

ted by the operator of this area to make sure it does not 

contain any items prohibited from disposal in a public land-

fill by federal and state law or by more restxictive dis-
.3'.z' --~ 

posal policies developed and implemented _'a'j- ~CA. 
--""--<:/--=....,,._~""'-,,,__=.,_ 

.: j: --- .. ~ ""'- ";,.. 

Hazardous wastes intended for dispQiar~ ~~ also:_,_i~spected by 
-=-~ --=-~ .. .:#' .:--· 

the operator of the Dumpmaster Area a~-Qiey are transferred 

from the generating process a~~:'oiDupmaster Area for 
\ \~ :/ ~27 

temporary storage. The ~s~~s ~re-):nspected to make sure 
#-- --~"' \ { 

they have been placedf-i~:a prop~~ container with correct 

labeling. <('~_:~~~:::-.._,,::;.~ 
Manaaement and biSposal of Brand-Name Products 

""'=-- v .=-
~/ 

As part of its solid waste program, TWCA has reviewed all 

items purchased to determine if they would be RCRA hazardous 

waste due to ignitability, corrosivity, reactivity, or toxi-

city; a fire hazard; or an environmental liability if im-

properly managed or disposed. All of these items have been 

assigned a disposal code so the material will be disposed of 

properly if it is no longer needed. This practice, as well 

as instructions to implement a spill contingency plan in 

5-11 



CURRENT SITUATION SUMMARY 
Revision 4 
October 1988 

case of an environmental incident, are formally documented 

in a written procedure and used at the TWCA site. 

Solid Process Wastes 

Each process area has been evaluated to minimize the genera-

tion of waste and make sure it is properly man~ged. Table 5-1 

lists process wastes presently generated_cm i~routine basis 

at TWCA. This listing describes eac~~ste'~~~~~acteristic 

and the waste management option used~or..,-r..ecyclc!=; treatment, 
-- -- -

or disposal. - --ti.:._ -:L.=-
!I;: ~==c._~ -=~ 
";I- --=-___ ~-:z....~---~=i---: 
- ':. -....,_ 
~ =-_ --- --~.z--: 

Written procedures are im~_!"en~etf/to make sure that hazard-
/----"'"~ ' -_ --

ous and radioactive w~i:es &rea..J>n:>_J>erly managed and packaged 
";;,._ ~--_,,.-- "'"-- -

on the 'l'WCA site ~~-~an~rtation offsite for treat-

ment and dispo~}f~ ... "\ """"'=-,,,) ' ' )} ~ ~ -- =' 
'-v~ #:· 

Containers of haza~O)l'S waste are temporarily stored at the 
~ 

Dumpmaster Area where they are inspected weekly until trans

ported offsite. The Dumpmaster Area includes an asphalt 

surface and collection sump so as to collect and direct any 

contaminated rainfall and runoff to the Central Wastewater 

Treatment System. All liquid wastes, such as solvents, that 

are forbidden from entering the treatment system are placed 

in separate steel trays so any spillage may be fully con

tained and properly managed. 
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Generating Process 

Zirconiwa and Hafnium 
~ufac:turinq 

Sand Chlorination 

Separations 

Pure Chlorination 

Reduction 

Tallle s-1 

'-Y°.r<.i<..tli1 :::u. ;'°..,A-; J.Vt't .)ul'V'\N.1 

Revision 4 
October l988 

P1IOCESS WASTES GEHERATm AT TWO 

Waste 

Sand Chlortnator 
Residues 

Sand Chlortnator 
Residues 

~IBK Still Bottoms 
Dranium Rmoval 

TreetJlllnt System 
Solids 

Pare c:blorillator 
Residlllls 

Pure Chlorillat.ion 
Residues 

Recycled OZide 
Chlor1Dator 
Residue 

ltcJC12 Wastes 

Characteristic 

Radioactive 

Nonhazardous 

lqnitable 
Radioactive 

!!a.na911111!Dt Option 

Radioactive Waste Landfill 

Onsite Corrosive Neutrali
z:a Uon TanJt 

Haz:ardous Waste Incinerator 
lladioaet1ve Waste Disposal 

Site 

OnsiUl:.Corrosive Neutraliza
tion Tank 

Rai!ioecUn liaste Lalldf111 

EP 'lbxic CD ooet -llllardau Waste Landfill 
-~:°?- ---=-- -

" 
Fire ~- _-leaef1c1alo-Use of "9 as "59-

- --.._ _ nesium llJ'droX!de Slurry 
'= ~ "'" - Oll:1dat1on of Retal Fines in 
~ ~ Smob!louse 

SlloUlllnl8e llltenal filODllazardouS;. - • PW>lic Landfill 

~~ial ·~~~~~ardous llaste Lazldfill 
Clluardousl ·._ -·~ --- _ ~ 

Staillless Slee_~~ ~ Metal .Rlec7cle facility 
L1ners ___ - .,.,.,_ ; "'- .~ -

Nloblua Manufactur1nq M> 'l'bemit;SUq ""'", : EP iDdc CD 005) Buardous Nute Lazldfill 
Fellb 'nlelait:ae s1-.· --~ Pll!llic t.andfill 

Vanadima Kanufaetur1nq 'l'hemite s-i.;~-....-- _.-~ri;;;udou 
-- - T:7-

PW>lic Lcldfill 
Ro11Dd Products For111Dq Sa~tv14._ EP '!bJU.c CD 0051 Bau.rdoas llast• Landfill 

l)ctruslon Products .JDC.u~"\. -"'\,_ °""-; Honbuardowl Biological Treatment La9oon 
Forainq - / --=;. \ -==- lllDillal fat> 

--~.It"~ Sol~s~ Fire Huard 

Powder Metallm'97 

Metal Fom.LD9 

Paint Sbop aDd 
llaintenanc:w Sbop 

Analytical I.Al> 

lw/CVJUSl/011 

~.,G;._ Blasttllf Grit llon!luardou 
setul1iler souas Nonbuardou 
~) 

ScrUll1Jit~ lids 
llluUdousl 

EP '!baic 
CD 008) 

Isaprapfl Alc:otiol Iqn.1table 
1,1,1-Tridaloroet.blllle Toaic: CF OOU 

lllltal Gr1Dd1D9 
Solids 

Abrui're Saw F1Des 
ltlltal Fines 

Elw'Dbaek Material 
llaste Thimlers 

NonbuardCllua 

Iqn.1 tall le 

llet!lyl IsolnltJl IqDitable 
Ketone 

1,1,1-Trldaloroetllane Toxic IF 0011 

B.uardous ilaste Lalldfill 
Recycle or PU~lic Laudf111 
Pu!lllc Landfill 

Hazardous ilute Landfill 

Iqni table Waste IDCiDerator 
Recycle at HuardoUs Waste 

Facility 
Huardous Waste Luldfill 

Public Landfill 
Onsite OXidation 1n ~ck 

Systm 
Public Laadf 111 

IneineraUon 

Recycle Ons1t• 

Recycle at lluardolls Waste 
Fae111ty 
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Low-level radioactive residues are qenerated by the pure 

chlorination and sand chlorination processes. They are col

lected and transported from the process area in specially 

designed steel collection containers to the residue handling 

facility. This facility is used to transfer the residues 

from the special containers into containers for transporta-

tion and disposal. The facility includes an_:impermeable 

surface sloped so as to collect any cont~ina;ed rain water 

or washdown water for removal of radiunr-~-i~ a----se~rate waste-

water treatment system. Radioactive ..residues and solids 
--=-:r __ zr -

generated from the treatment system -~e-... ~ransported to an 

offsite radioactive waste dis~~~-~~ 
-~ \ '\,...::;,. ==-=::~ 

Transformers and Capa.cd:t6~~t~~ing PCB 
.._, .. _"'<> =s.v~ -
~ ~~ ... _ 

• _::"'_-= .=--==:. ~ ~, "'-::.. • 
There are considerab!ti= electrical power requirements for .,{' \'-
operation of tli~~a~J~nufacturinq and forming processes 

~- v --
at TWCA. Therefor~:~~nwnber of transformers and capacitors 

are used throughout the plant site. Most transformers are 

owned by Pacific Power and Liqht as part of the electrical 

distribution system. A few transformers and most capacitors 

are owned and operated by TWCA. Some of this equipment 

holds oil that contains PCB (polychlorinated biphenyl) , 

which is requlated by the EPA and DEO. 
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PCB-containing equipment that is owned and operated by TWCA 

is managed and inspected as required by specific procedures 

and training requirements developed by TWCA to ensure com-

pliance with regulatory requirements. Due to environmental 

concern, any equipment containing PCB that is removed from 

service is sent to an EPA-approved PCB facility for proper 

treatment and disposal. As such, TWCA does net have a stor--. 
age site for PCB waste. Equipment or items ~ontaining PCB 

are only tempori;ii;"\,.~~ared for less and designated as waste 
- - -- -:. - -===--=-

than 90 days in drums in the Dumpma-ster A"hea unti"l trans-
-:::. --.,. --:-- -

ported to an EPA-approved facility. ~~rior to construction 
~~ "'-"""- -,,, --~ 

of the Dumpmaster Area, waste '.Pc:B-.~~~ 'l.ere temporarily 
\ -:::t::_ --:=- ==-- -_-:.:-

stored in a specially de~ed atcfJ;age=facility with a 
- -::. ~ _: 

:: --~:i.. ~ • ~ \ 

bermed concrete floor/ __ ., : ~ '\ --= 

~/ .::~~~2';~~-~ 
There are no knti~~J"l:s ~)PCB into soil or water. As 

~ ~ ""=:.:: ~ 
required by EPA~~:~jare completed annually that document 

management of PCB kears owned by TWCA. 
"V 

PERMIT STATUS 

TWCA has notified the EPA and DEO that the only hazardous 

waste activity included at the site is generation. 

On February 3, 1984, TWCA submitted a complete RCRA Part B 

Application for the operation of hazardous waste management 
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activities at the site, includinq thermal treatment of non-

ferrous metal fines in the Burnback Area. It also included 

management of magnesium chloride wastes by the beneficial 

use of magnesium within these wastes as magnesium hydroxide 

slurry and thermal treatment of the remaining metal fines in 

the smokehouse. This application was considered complete by 

the EPA. However, the EPA concluded that these wastes man-
--

aged and treated at the facility did not mee\_ the criteria 

to be classified as an ignitable or rea.,;tiv;~-was,_~e. There-
_= =-..!" 

fore, a Part B RCRA Permit was not_d~~~-necessary for 

--
-~--~ ~"""-- ~~-
-_; :~~-:-~~---:~--

these activities. 

Radioactive wastes are maa4'J_ed \z;-u~-~tli~ requirements of a 

Naturally Occurring Ratf~~-:;-t~~\erials •NoRM• license, 
~::..=-_ "'I;.-~-- _;--~- ~~ --

issued by the Stat~ l:lf~on ~lth Division. It was re-

1987. ,----:::--~~~,,~----""--<> newed in 

TWCA has not always practiced offsite disposal for all of 

its waste process residues. Three major areas of the plant 

site have been used in the past for this purpose: the 

chlorinator residue pile, the magnesium resource recovery 

pile, and the Truax Creek area landfill. 
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Beginning in 1972 with the startup of the sand chlorination 

process, chlorinator residues were placed in a separate pile 

north of Schmidt Lake. This practice was discontinued in 

1978, when the contents of the pile were transferred to the 

Hanford radioactive waste disposal site in Wa~hington. After 

the contents of the pile were removed, the~a~ea was surveyed 

with a uR meter and visually inspected,~ ensu~_ that no 
~ 

contamination remained. Powdered bai;.ium....-sulfate=-was applied 
-~ 

over the entire area. ~ 

-~ -=--__ ~-

_..z- -~ -=- -~ 

: ::----~-::::==-~-~:--~ 
The Chlorinator Residue ~li~!\~-i1:1ty was constructed in 

_- -~ ~ :. ---
December 1978, on the~iite Wbere-\the pile was previously 

~~~-:~-,,--:~-'"'-:~-.:-
.:~- :i 

-~-.r'~;:l""~ ~==--..'II.~=::.~ ~-c..= 
.r-:r "::. "::!.--
~~~ -\--~"Cl" 

Maqnesium Reso~e-~ Recovery Pile 

located. 

Solid residues generated during the development and opera-

tion of nonferrous metals manufacturing processes at the 

plant site were placed in a resource and recovery pile. Due 

to improvements in process operations and modifications in 

management of materials, no material has been placed in the 

pile since May 1983. 

Intentions were to later recover the metallic value from t~e 

material placed in the pile. Because the major metal of 
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value contained in the pile was magnesium, the pile was ap

propriately named the Magnesium Resource Recovery Pile. The 

maJor material placed in the pile was magnesium chloride 

wastes generated by the zirconium/hafnium reduction process. 

Other materials included stainless steel liners and thermite 

slag containing small amounts of niobium. 

In October 1983, TWCA notified the DEQ of_.a p_roposal for a 

process to recover and beneficially use"-~'the -~n~ents of the 

pile. A small-scale process was appr~v~ct=--and pi~ced into -___ :: 

operation. It was modified and enla~ec(in February 1984, 
.r-~- -~ -=:. __ 

and again in October 1984, wi~~~~~~val of the DEQ. 

Since the initial startup....=.qve~\:iv~;OO~;ubic yards of 
-- -""""=h.' \ ~ material has been proc:€ssed;i&..J>rcduce a maqnesium hydroxide 

':I:.~~===-~_,,.--.:----::m::::::::i...~ -:-=--:::=-=-
slurry used as a litl!,e S11J:>s.£'ltute' for operation of the TWCA 

__ .:-~"1: ~:..":I. 
-~~ ~ ~'-

Central Wastewater Tr.aatJneM.; System. In Auqust 1986, a 
-s-=:. -=~~ "%" 

sheetpile wall~W!l);._~insia~led to eliminate mixing of the LRSP 
~=;..~.:-..r 

solids with the be""'iief.:i;Cial portions of the pile. The 
~--

recovery operation will be completed in June 1988. 

Truax Creek Landfill 

A portion of the area north of Truax Creek extending from 

the area opposite of the v-2 Pond and east to Arrowhead Lake 

was used as a landfill beginning in 1958 until 1973. Arrow

head Lake was used briefly as a landfill in 1976. 
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TWCA operates air contaminant control systems to cleanse 

emissions from the transition metal refining operations under 

Air Contaminant Discharge Permit No. 22-0547. Table 5-2 

lists emission sources, control systems, and air contaminants. 

Control system blowdowns are directed to the_-<.~ntral waste-

water treatment system. 

CVR153/040 
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AIR CONTAMINANT CONTROL SYSTEM SUMMARY 

:::mission Sources 

Sand Chlorination 
Of !gas 

sand Chlorination 
Vent 

Feed Makeup Offqas 

Area 

Feed Makeup Area Vent 

Separations Area Vent 

Zr02/Hf02 Calciner 

Pure Chlorination 

Control System(s) 

Water Spray, Caustic 
Packed Beel 

Cl
2

, CL , part~culate 

-Cl
2

, Caustic Spray, Caustic CL I particulate 
Packed Bed 

H19h Pressure Venturi, Cl2 , CL=_, particulate 
Denuster 

Low Pressure Venturi, 9~}-~I;-~ particulate 
Denu.ster -- ----

--
Acid Packed Bed _ _ -NH3_, 

Cyclone, Med. Pres&u_re __ S02; 
Venturi, DemJ.ster, - ~ - _ 
Caustic, Packad....Jaed, ""--_ -
Wet Electros!at.iC:-~-~ --
Precipi ta tor --"- -, ...,_,_,_ --

::.. =-. 

NH4:i.. __ 

so3, particulate 

Hi9h Pr~re Vent~i - c1
2

, CL , particulate (nu.n) 
Causuc..-9ilc1'ed Bed 
ca1'~~ ~r_v~~~~tic 
PacJC&d 'l!ed --~ : __ _ 

-Cl
2

, CL I particulate 

-~ -,_ -~- ~ 
West Zr Reduction ~ ~-~~~P~i\lre Venturi -
East Zr Reductioo-__ ---~---"'" H;;-h )re;~ Venturi 

=..:::... " = : Maqnesium Recovery"""""- ~~Wet .Ianizer, Hiqh 

Crucible Handling 

Nb2o5 Calciner 

Boilers (3) 

Metal Picklinq 
Operation 

Crucible Bum Pots 

~~p,i;e~siire Venturi, 
~ster 

Hi9h Pressure Venturi 

Hiqh Pressure Venturi, 
Demister 

None 

None 

None 

Raw Material Handling Scrubbers 

Fabrications Scrubber 
Baqhouses 

CL , particulate 

CL I particulate (nun) 

-CL I particulate 

CL , particulate (lllln) 

Particulate (nu.n) 

SOX, NOX, particulate 

F I NOX 

Particulate 

Particulate (llll.n) 

Reference: DEQ Review Report, January 12, 1987. 
CVRlSJ/009 

• 
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Chapter 6 

CURRENT SITUATION SUMMARY 
Revi.sion 4 
October 1988 

ENVIRONMENTAL MONITORING PROGRAMS AND DATA 

This chapter swranarizes ongoing environmental monitoring 

programs at TWCA. It briefly describes the samplir.g loca-

tions, peri.ods, and frequencies. Sporadic or:- one-time grab 

sample analyses are not included. Summary tables show para-

meters analyzed and concentration rang.es: 

-..,.- .. :( 
-=- --

This section is organized as follows-~ --_ 
r~ ~-- ".,,_ \ ~~ ~ ..... ::-~ ---
'\ -, _ __ / ~--

0 Groundwater Ou~ Mt;_in::rt,oring 

-- :::';;:--~ >..=-=;.,, -~ \ '~ 
~- -~--~ _----·~~,'7-, 

e. -v = ~ -
Fa~·t)t.. ~- ...,,..-..,. ..,,,__ 

.:7 ~ -::. -~ "'-
-- ,:;r1' --~ ' -

_3 ::r ' \:!\ "'"-
-{ ' \ : ~l>4~t sit_e (LRSP, metals-forming sump area, 

"-.;;,. v-_,/ 
Arrowhead Lake, and ammonium hydroxide and ..,.. 
sulfate storage area) 

o Surface water quality monitoring 

o Solids Characterization 

Farm site 

Plant site (LRSP and V-2) 
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o Air Quality Monitoring 

o Treated Process Wastewater Quality Monitoring 

GROUNDWATER QUALITY MONITORING 

FARM SITE 

At the request of the Oregon Depar1?'1ent o~ Envir.>nmental 

Quality and Oregon Water Resources Depa~tment, TWCA imple-
/~..,__ --

mented a groundwater monitorinq-~_p~~Qt the farm site. 
::-. - - = - -:.. 
~ -

Fourteen wells are rout~ne-1¥_saitP-r8.d (see Plate 3 for loca-

tions). 
~ ---=-::1. = "E. ----

_,--~Z: <::::.:~ -
.r ~-:: --:... -;. 

Sampling of most-welr"'!l ~gan;in 1980 and has continued quar-
-i: ' -= ; 

terly to date.~~~~_198l and 1983, samples were usually 
-~ ~-- -~-~ 

analyzed for MIBR,~-~:and the inorganic parameters sum-

marized in Table 6-1. From 1984 to date, analyses have been 

limited to the indicator parameters of ammonia, nitrate, 

chloride, sulfate, total dissolved solids, and conductivity, 

with periodic additions of other parameters. The Knoll re

port (1984) presents the initial monitoring program. The 

CH2M HILL (1987b) report documents the monitoring program 

for the deep railroad (RRD) well. Table 6-1 summarizes the 

range of groundwater quality data from these sampling activl-

ties. 

6-2 



CURRENT SITUAT:ON SUMMARY 
Revision 4 

Pa:ameter 

Calc111111 
!lllques1ua 
Pot.ass11111 
Sodium 
AlllllOiu.a (NJ 

Bicarbonate 
Cartlonate 
Chloride 
Fluoride 
Nitrate CNJ 

October 1988 

TB!lle 6-l 
GROIJNDRATER QUALITY 

FARM SITt 

Coacentratioa 
Range 

0 - 1,220 119/l 
6 - 330 119/l 

0.48 - 8.3 mq/l 
7 .8 - 360 119/l 

0 - 10 1119/l 

0.01 - 200 119/l 
0.001 - 160 1119/l 

0 - 3,100 119/l 
<l - <S 119/l 

<0.01 - 6l 119/l -

Parameter 

Copper 
Iron 
Maaqanese 
Nidtel 
Zinc 

Arsenic.
Baria _ 

~ma 

ChJ:alUllll 
_J.ead -- -

--::---
Sulfate 
Tb10C)'D&te 

0 - 880 119/l --!Seraary 
<l - 5 119/l .----=-=,,_ S~itcntmi 

-- "":11.:i..._ -
CoadUc:t1v1ty 
pH 

0 - 5,400 ua!iDs/i:a......,_ •-£1,!9"..--

Total Dissolved Sol14s 
5.l - 8.2 119/l ..... --, __ -:;. ~llm-226 

O - ~-4G\ 119 it -..,,,,.:_---hdi.ua-228 
..C"'"C. -_ -:I= 

'l'hori.Ull <l.J~~l ~ ~~-:. : -~-
Oran.t1111 o.i-....p(;J{1-:· _-==,,.~~~~-# 
l!letllyl Isotaityl __&.O :;;;.,§ -mqil -v 

Ket.ane UUBIC) .r_---~~-:..-i."- =-~..,.-:.~~:s. 
Total Orquic cartloD • - :-- t!_ -~301wJ/l 

Total Suspeaded Solidi,_ ' <5'-:- U,700 1119/l 

1, 1, l Tric:boloroet.tlce'-=:"\.~:n"'' 
1,1,2 Tridlloroetllue "'2..aq/1 
1,1 Didlloret!Mme 18- uq/l 
Trazls-2-Didlloroet.hl!De 2 u9/l 
otber Volatile 0r98Dics lltD1. 

BJC>Lmbeloir •thod det.c:Uoa Uait 
NOTE: See Tele 6-l for well location Wilbers 

u • aicro 

6-3 

Concentrat1on 
Range 

<.005 - 0.28 111<]/l 
<.01 - 7.5 mq/l 

<.OS - 21 :iq/l 
<.01 - 0.19 mq/l 

<.DOS - 0.26 :iq/l 

<0.2 - <l.O ~q/l 
<l.O 119/l 

<.0003 - 0.092 :i~/l 
<.01 - 0.09 mq/l 
<.02 - 0.1 119/l 

<.002 - < .01 :nq/l 
< .003 - < .005 ciq/l 
( .01 - ( .02 mq/l 

<.4 - <.7 pCi/l 
<.l - <1~2 pCi/l 
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PLANT SITE 

Grour.cwater has been monitored at various areas of the plant 

site since about 1980. The last area added to the plant 

site monitoring well network is the metals-forming sump area 

in 1986. Table 6-2 summarizes the areas monitored and cor-

responding wells. Plate 3 shows the location .. _of the wells. 

Tables 6-3 through 6-6 summarize groundwater-~quality results 

from each area. -:._---- --

-----
- -- =-- ___ ::=- -

--- --~ ~ -.,,__""' 

SUMMARY OF 
Table "1i-4._"""""-~ ""-__ _ 

PLANT AND FARM Sl'!.E GROIJNDWATER MONITORING 
~ \,,,;r" ----=-= 

~, -~-

Area -< ----="": ~ w:lli 
AJlllnonJ.um Chloride -~~<~:-~=---===-... _:J-

and Sulfate Storaqe-- ~,,_~ -....~ - PW3 
__ .. -- -- _;;:..::-_.:r~"'=--:;. -:i. '=::. -::..'-.:]!: 

Arrowhead Lake \,~')., ~- ; PW4 and l'WS 

Lower River Sobds Ponll: _ - PW7 - PW9 
~=-

Metals Fornu.nq Sump 

Farm Site 

WlO 
PWA - PWE 

PWlO - PW14 

RRD, RRS, WS, WDl 
WD2 , NDl, ND2, NS 
NO, ES, HW, SD & SS 

Approximate 
Frequency 

Quarterly 
Since 1982 

QUarterly 
Since 1982 

QUarterly 
Since 1982 

QUarterly 
since 1986 

QUarterly 
Since 1984 

aincludes Schmidt Lake, chlorinator resJ.due handlinq area, 
and maqnesium resource recovery pile. 
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Parameter 

Calcium 
Maqnesium 
Potassium 
Sodiua 
Ammonia CNl 

Bic~nate 

Carbonate 
Cblor1de 
Fluoride 
Nitrate !Nl 

sulfate 
Thiocynate 
Conductivity 
pH 
Total Dissolved 
SoUds 

Copper 
Iron 
l'laDc;anese 

Nickel 
Zinc: 

ArseU.c 
Bari\111 

CBdlliua 
Chl'Oll 11111 

Lead 

NOTE: u " aicro 

CURRENT SITUATION S~MMARY 
Revision 4 
October 1988 

'l'a!lle 6-3 
GROllNDWArER QUWTT 

AHllJNiml CllLORIDE AllD SIJLFATE STORAGE AREA 

Concentration 
Range 

10 - 920 mc;/1 
28 - 300 1119/l 

3.7 - 22 1119/l 
32 - 160 mq/l 

4 - 3,050 m9/l 

110 - 440 1119/l 
0.018 - 0.24 1119/l 

320 - 2,300 1119/l 
<l - 4 mq/l 

<.S - SSO mc;/l 

<10 - 2,400 mq/l 
<l - 13 119/l 

1,010 - 11,800 'Qllbos/ca 
6.3-8.7 

320 - 4,900 mq/l 

~ 

!lercury 

Selenium 
Silver 
Radium-226 
Rad11111-228 

Thorium 
Uranicm 

Parameter 

!!ethyl Isobutyl ~- (l'IIJllC) 

Total Orqan1c C4rt»n. --~

Total SUspeod~l1dsi,,_ ~~--
=--- -=-

1, 1, l T.ridll-;,roet!wme 
1, l D1d.ioiw.thue 
carbon 'l'e-tzadlloride 

~ Ch~~ra """-,.,_= -=-.... .,,,,_ 
-lletllJ.,1.~lo~ 

- :: --=-i.._ -:::~ 

~~~tiime 

--
~ -

<0.005 - 0.12 mq/l _- -~ '1 Traas-4,2-01dllo:roetbene 
<.OS - 37 1119/J,..--- _/- ; ~1~1Qt"oetheae 
<.OS - 21 mq/r""'-~ -.,,_~-~ --- _=="c.~ '"'" 

< .01 - < .l_!!J/l -, - - -.,,,,,, -
r--~ --- -

<.01 --8~119i'l,_ ---=,. ~.,.._ 
---- __ .: ~::' "-1._::i. ""= -::...,,_=-_~ 

<.ell ~-OS 11111\ ~ 
<{:-..~ ;tQ aq/1_; -

<.003 ~-m...11111.1'"-
<.0l - <.°'8f/i 
<.02 - o.oillq11 

6-5 

Concentration 
Ranqe 

<.002 - 2 mq/l 
<.003 - 0.034 mq/l 
<.01 - <.OS mq/l 

<.4 - 2 ;>Ci/l 
0.6 - ll pCi/l 

<.11 - <1.1 ;>Cl/l 
<.34 pci/l 

< l - 2 :itc;l 
<3 - 54 mq/l 
<5 - 2,700 mc;/l 

<SO 198 uq/l 
9 - 120 uq/l 

<100 uq/l 
<SO - <100 uq/l 

<100 ug/l 

5 - <100 uq/l 
48 • <100 uq/l 

7 - 400 uq/l 



Parameter 

CalC1UID 

Maqnesium 

Potassium 

Sod1111D 
Amlloaia !NJ 

Bicarbonate 
Carbonate 
Chloride 
rluoride 
Nitrate 00 

Sulfate 
ruocrnate 
COllduc:tivltJ 
pH 
Total Dissolved 

Solids 

Copper 
Il"O?I 
l'mlt;anese 

Nickel 
Zlnc: 

Arsenic 
Barillll 

Cadlli1111 
Chrml1111 
Lead 

NOTE: u ,. micro 

CURRENT SITUATION SUMMARY 
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Tallle 6-4 
TYPICAL GROtlHOWATER QUALITY 

ARRmiHEAD LAICE AREA 

Concentration 
Range 

120 - l,700 119/l 
32 - 240 119/l 
l3 - 304 119/l 
59 - 1,100 119/l 

1 - 66 1119/l 

120 - 230 mq/l 
0.005 - 0.09 1119/l 

10 - 4,900 119/l 
1 - 6 1119/l 

<.5 - 160 119/l 

<10 - 1,200 1119/l 
<l - 19 119/l 

1, 160 - 10,200 Ullhoa/Cll 
6.0 - 7.8 

Mert::lry 

Selenium 
Silver 
Radlum-226 
Radlum-228 

ThoriWI 

Paruieter 

UranJ.1111 __ 

MethJ IsotNtJl ~toae ltlIBltl 
Tctal Or9UJ.~n ·~~ -, 
Total s~ Solids -- -:,._ 

---
1, 1, 1 ~.1dtloZHt!lane 
1,1 DictlleroeUPme 
~CUllo.? reuic;!i1"0r!-d• 
~-~--f!_l~~.., 
'retncb.lroetllme 

20 - 8,000 89/1 -~ '--;,_ --.. ~-->----=-
.,; """"" '> Trias•1,2•Didalorotbelle 

<.005 • O.l.l 11gfl .... -'- ~ _:_ .Qildro~n 
<.OS - 11 119~ ""--._ _ __-- -==-~oroetlleDe 
<.OS - 27 119/l =:..-i:. -i..- _ ..r=- ~~ 

<.01 --~~ ""\,._~ -.,,_~ 
< .ov.:- ,,O':lli11ll"~\ -..,,_~ ~:: 

<.}~'OS~\ : ~ 
<l :....~ib.,~~ _

.003 - ~li ""11 
<.01 - <.~~/l 
<.02 - 0.15 119/l 

6-6 

Concentration 
Ranqe 

<.002 - <2 mi;/l 
<.003 - 0.01 mq/l 
< .01 - < .os :aq/l 
<.l - <2 ;iC1/l 
<.7 - <3 ;>C1/l 

<.l - <l.l ;;>Ci/l 
<.34 pCi/l 
<l mg/l 

s - 140 119/l 
<S • 14, 700 119/l 

310 - 7,561 ug/l 
31 - 480 ug/l 

<100 u9/l 
<100 ug/l 

<SO - <100 u9/l 

<SO - <100 uq/l 
<SO - 100 <ug/l 
<SO - <100 ug/l 
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Par11111eter 

Calcium 
Maqnesium 
Potassium 
Sodium 
Alllllcnia <N l 

Bicar!)onate 
Carbonate 
Chloride 
Fluoride 
Nitrate INl 

Sulfate 
Th1ocyuate 
Conductivity 
pH 
Total Dissolved 

Solids 

Copper 
Iron 
Ka.Dgimese 
Nickel 
Zinc 

Arsenic 
Barium 
CadlliWI 

Chrcmiua 

Lead 

October 1988 

Table 6-5 
GROt!NDVATER Otw.ITT 

LOWER Rivm SOLIDS POND AREA 

Concentration 
Raaqe 

l - U,000 119/l 
O.l - 19,500 mq/l 
0.8 - 58 m9/l 

6 - 2 ,500 mq/l 
<.S - 840 1119/l 

110 - 500 mq/l 
O .006 - <l 119/l 

7 - 68,700 1119/l 
<l - 160 1119/l 

<.5 - 400 mg/l 

<3 - l,200 119/l 
<1 - 165 14/l 

170 - ll3,000 umhas/em 
4.5 - 10.0 

Merc:ury 
SeleniWll 
Silver 
Radium-226 
Radi'Ulll-228 

Tbori'Ulll 
1Jr11111m1 

Par11111eter 

Metlly IsatNtyl J'et.cme flW!ltl 
Total ~i~-Ca:t:lon -, 
Total SU~ Solids 

l,l,l fueid.oroetaane 
l,l Dic:haro;t.UDe 

~an"'-~~""--~--
.,.~~---~l~_~tf 
~tUc:h-i.iraet!9ime 

l.l - 89,500 11111/l ~ \ \,, .. --]-~ 
_ "'\. T*-1-,2-Dic:hlarotheae 

< .005 - 0.23 ..yi_/--..... ~ ~ridal~thene 
<.05 - 570 •ii'l ~,,,,_ __ --===-~olat1le Orl;anies 
< .03 - 230 14/f"'t;,. - -~ ~"-.# 

-.c::i!::m... = ~ <.01 -_K.2 ~ "'=-.,_ -, __ 

<.OJ,._...: __ 44":i=-~'!'-._ '\, __ -") 
- .2" ~- -=H -

<.~t:.~'9os -vi -
<.5 'i'b:.w'l/-

< .003 - <-';Q.94 9'/l 
<.01 - .96~/l 
<.02 - 0.28 99/1 

NO'ft: Biibt • bet- .eUtad dftection 11m1t 
u " micro 

6-7 

Concentration 
Ranqe 

<.002 - <2 mq/l 
<.003 - <O.Ol :iiq/l 
<.01 - <.OS :119/l 
<.2 - 7.6 pCi/l 
<.3 - ll pCi/l 

<.ll - <l.l ;:Ci/l 
<.34 pCi/l 

<l - <SO ?119/l 
<3 - 200 m9/l 

4 - 68,400 mq/l 

<SO - <100 uq/l 
14 - 100 uq/l 
<5 - 230 uq/l 
<5 - <100 u9/l 
<5 - <100 u9/l 

<S - <100 u9/l 
<5 - 330 uq/l 

BHDL 
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Para=eter 

Calcium 
!1a;t1esiU111 
Sodium 
Ammonia !NJ 

~loride 

.nuoride 
~itrate IN> 

Sulfate 
Thiocyanate 
Conductivity 
pH 
Total ousol ved 

Solids 

Copper 
Iron 
!tim9anese 
Nidtel 
Zinc 

Barillll 

Cadll11111 
Chrollillll 

Lead 

Rad11111-226 
Radiu.-228 

Thorium 
tlraniua 
Total Suspended 

Solids 
Total Orqa!Uc 

CartJoD 

October 1988 

Table 6-6 
GROt!NilWATER QUALITY 

METALS-FORMING SUMP AREA 

Concentration 
Range 

2 - 220 mq/l 
l - 89 11g/l 
6 - 94 mg/1 

<.6 - 29 11g/l 

<10 - 240 119/l 
<l - 87 mg/l 
<l - 240 119/l 

10 - 130 119/l 
<2 - 2 mq/l 

140 - 1, 940 llllhas/Cll 

5.2 - 7.2 

38 - 1,500 sg/1 

Par11111eter 

Cbloromethane 
BrOlllOet.hane 
Dicblorodif luoromethane 
Vinyl Chloride 
Chloroethane 

!!ethylene Chlor1d.- -
Tr1cblorofluoraaet11111De 
l,l-Dlchloroethrlmie -
1,1-0idllareetbane - ~ 
Tram-1,2-Dtc:lllorethene-

l,2-Di~ro9t:!wle 

f~l-Trid.io-reet.bane 
-. -. ~-~<lride 

<O.l - o.04 m9/l ---Brllllodi~loamethane 
<.OS - 2.5 sg/l _ -~ \ --..,,r _. 

( .os - 150 •9/Jr- --~ 'l! r .. 2 '{i1c:111oropropane 
<.02 - 0.22_.(l.;-/ 1.:. -._C1"•·.ll',3•01c:llloropropene 
<.02 - 0.06 "'.;IZ...~_-: -__ -==,,._ b@ro.octi1orcmetbene 
~ -;,,,. - -~: ~-~;l,2-Tridlloroet.bane 

< 1 •9'1 """"'-... -..,,_ --.,,. 
< .a0;-.-q/l-=.\, '-:.:. =;,,,_""=--== 
~~OT-<ag/l -, 
<.Ca~ll --

' ~¥~- _-
<.2 - ~~l 
<4 pCi/l ";;--

<l.l pCi/l 
<.34 pCi/l 

<10 - l,900 1119/l 

<3 - 26 mq/1 

<1 mq/l 

Trans-1,3-0ichloropropene 
Tric:bloroethene 
BrcmofOl'll 
l,l,2,2-Tetracbloroethane 
Perdlloroethylene 
Chlorobemene 

1,3-0idllorobemene 
1,2-Dlc:hlorobenzeae 
1, 4-Didllorobenzene 

Nd'l't: SHbt .. beiow •t.bod c!etecti- 11a1t 
u " micro 
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Conc:entrat1or:. 
Ranqe 

<l - <100 uq/l 
<1 - <100 uq/l 
<l - <100 uq/l 
<l - <100 uq/l 
<l - 540 uq/l 

<5 - l,300 uq/l 
<l - <100 uq/l 
<l - 420 ug/l 
3 - 7600 uq/l 

<l - <100 u9/l 

<l - <100 uq/l 
<l - 110 ug/l 
10 - 18,000 ug/l 
<l - <100 ug/1 
<l - <100 ug/l 

<l <100 ug/1 
<l - <100 ug/l 
<1 - <100 ug/l 
<1 - <lOO ug/1 

<1 <100 ug/1 
<l <370 ug/l 
<1 - <100 ug/l 
<l - <100 ug/l 
<l - <100 ug/l 
<1 - <100 ug/l 

<l - <100 ug/l 
<l - <100 uc;/l 
<l - <100 ug/l 
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SURFACE WATER QUALITY MONITORING 

Monitoring of the drai~age ditch north of the Farm Ponds, 

designated as East Boundary (upgradient), West Boundary (cow-

ngradient), and Railroad Culvert (downgradient), was star~ed 

in June 1984, continued quarterly through March 1987, and 

included the following parameters: nitrate-nitrogen, total 

dissolved solids, conductivity, chloride, calcium, and sul-

fate. Table 6-7 summarizes Far'!!l site.s~face water quality. 

Parameter 

Calci1111 
Chloride 
Nitrate !NI 

NOTE: u = mic:ro 

PLANT SITE 

Ta!Jle 6•?' 
S11RFACE WA T!!R. Q!W.ITY 

'FAH'J'"-Sml: 

C~i~ 
-- BmJe -

- ---
1-6.. - 950 mq/l 

=c10-=-_ 2,200 ii;Jl 
<.'!. __ - 6:8 mq/l 

.. _ --

Parameter 

Sulfate 
Conductivity 
Total Dissolved Solids 

Coaceutrat1on 
Range 

21 - 670 m;/l 
236 - 2,900 umbos/c:::n 
140-4,500 m9/l 

Routine monitoring of Truax Creek is conducted weekly for 

ammonia, nitrate, and total organic carbon as required by 

the NPDES permit. Monitoring locations include upgradient 

and downgradient of the Pond 2 weir on Truax Creek and near 

the confluence of Truax Creek with Murder Creek. Table 6-8 

summarizes surface water quality at the Plant site. 
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Parameter 

Calci1111 
MaqnesiWD 
Ammonia IN) 

C?lloride 
Nitrate INl 

Sulfate 
Thiocyanate 
Conductivity 
pR 
Total Dissolved 

Solids 

Copper l.C 
Iron .3 
l'lanqanese. bo) 
Nickel 
Barium 
Cadmium 
Lead 

l'lethyl Isobityl 
Re tone 

Total Orqanic 
carbon 

Total Suspended 

Solids 

NOTE: u • 111cro 

CURRENT srTUAT:ON SUM?w'.A~Y 
Revision 4 
October 1988 

Table 6-8 
SllRFAC! WATER QUALITY 

PLANT SITE 

Concentration 
Ra!!tle 

13 - 680 111q/l 
4 - 91 111q/l 

<.S - 9.8 mq/1 

<10 - 1,300 11q/l 
<l - 16 11q/l 

<10 - 450 11q/l 
<2 - 4 mq/l 

190 - 3,930 Ullhos/ca 
6.6 - 7.2 

86 - l,900 119/l 

0.01 - 0.03 1119/l 
<.OS - O.S 119/l 
<.OS - 1.2 mq/l 
<.02 mq/l 

Parameter 

l,l,l-Tricbloroeth11ne 
1,1,l,2-Tetracbloroethane 
1,1-Dicbloroethane 
1,2-0icblorobeDzene 
1,2-Dicbloroetballe 

1,1-Dicbloroethelle 
1,2-0icbloroproplltle_ 
1, 3-0icblor=en&eue - _ 
1,4-0icbloE!Gbenzene 
BrOlllOdlcblornekue 

Broaofom. 
~tbane :._ 

~II "'Tatradaloride 
-- Clalo~ -..,._ 

-Cblot-obell;ene 

<l 119/l 
<.003 mq/l 

~ ----- Chio~t.bue 
: -==,, -~~form 

< .02 11~.Q.m __ -

-=---

<1--.:--~~- •9~ Jf 
~-::... ~- -

8 - SIQ_~jll 

--Cb loromethane 
CiS-1,3-Dlcbloropropene 
D1brOllOdllorometbane 
D1cblorocllfluorometh11ne 
Fluo:ranthene 
!!ethylene Chloride 
Napthalene 
Tram-1,l-Dicbloroetheae 

Tr1cbloroeUlelle 
Tr 1d1lorof luonmetbane 

Concentrat:.c:'I 
'lanqe 

<l - 23 ug/l 
<2 - 3 ug/l 
<l - 7 ug/l 
<l ug/l 
<l - 7 ug/l 

<l - 4 uq/l 
<l ug/l 
<l uq/l 
<l uq/l 
<l - l ug/l 

<l uq/l 
<l uq/l 
<l uq/l 
<.Ol uq/l 
<l uq/l 

<l - 4 uq/1 
<l - 6 uq/l 
<l uq/1 
<l uq/l 
<3 uq/l 
<l uq/1 
<l - 4 ug/l 
<l uq/l 
11 - 140 ug/l 
<l - 2.0 uq/l 

<l - 3 uq/l 
<l ug/l 

Truax and ~er t:reeks 
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SOLIDS CHARACTERIZATION 

F.;RM SITE 

The farm site contains four solids ponds denoted as Ponds l, 

2, 3, and 4. Sampling was conducted in 1980, 1983, 1985, 

1986, and 1987. Samples were analyzed for total metals and 

inorganic compounds, Extraction Procedure (toxic) for 

metals, inorganics, and radiological compounds. A summary 

showing ponds sampled and analyses performed for each year 

is in the site chronology. Table 6-9 summarizes the chemical 

quality of the farm site solids. 

Par-ter 

CalciUll 
Haqnes1Ulll 

Cartionate 
Chloride 
Fluoride 
Sulfate 

AlWDimlll 
AntimOllY 
Cubon 
Copper 
Iron 

Nickel 
S111ca 
Titanium 
Zillc 

Table 6-9 
SOLIDS CHARACTERIZATION 

FARll SITE 

Conceutrat1ou 
Razlqe 

16 - 22, 
0.24 - 0.59\ 
0.72 - 6.°' 

1 - 2\ 
0.6 - 5.2\ 
5.4 • 11\ 

1.2 - 2.4\ 
sso - 540 ppa 

S.05 - 5.26\ 
SlO - 360 Piia 
4.9 - 19\ 

80 - 450 Pim 
6.9 - 11\ 
3.0 - 4.4\ 
96 - 220 ppm 

Parameter 

Radia-226 
Tbor1Ull 

Urmiua 
Z1n:on1Ull/Haf D1um 

Arsenic 

Bar1Wll 
Cadll1Wll 

CbromiUll 

Lead 
llen:ury 
Silver 

Note: Coneentrat1ons are on a dry veiqbt basis. 

6-ll 

Coacentrat!.on 
Ranae 

1.1 - 7.9 pCi/c;m 

14 - 91 ppm 
200 - 610 ppm 

14.6 - 36.4' 
15 - 58 ppm 

~~ - l~COO p;;m 
- § 0 ppm 

73 - 610 ppm 
63 - 180 ppm 

S.3 - Sl ppm 

SS - §SO ppm 



PLANT SITE 

CURRENT SITUAT!ON SUMMARY 
Revision 4 
October 1988 

Samples were collected and analyzed from the LRSP during 

April 1978, April 1979, April 1982, April 1985, January 1986, 

April 1986, August 1986, and September 1986. Samples were 

collected and analyzed from Schmidt Lake in March 1979, 

April 1979, and February 1987. Table 6-10 summarizes the 

chemical quality of the LRSP and Schmidt Lake lime solids. 

Samples from the V-2 pond were collected,, and analyzed in 

January 1987. Table 6-11 summarizes~Lh~ chemical quality of 
-~ 

the V-2 pond solids. -_':, -~-.:....- -~-u..-C::. 
a ~-

--, 

::... --_ 

- -==-- -::. =---;_-

_AIR -"QU ALI TY~NITORING 
---: __ ..=-_<°'--. 
~ 

Since 1967, ai?~~lit; ~monitoring has been in effect and 
-=-~ v --

Teledyne Wah Chang-~~~ny has been operating under Air Con-

taminant Discharge permits. Extensive area and point source 

studies have been conducted relative to radon emanation and 

radionuclide dispersion near the Lower River Solids Pond 

(LRSP), Schmidt Lake (SL), and the Farm Pond Area (Scientific 

Applications, Inc., 1980, and Battelle Pacific Northwest 

Laboratories, 1985, 1986). 

The Battelle report concludes that the average annual releast 

of radon and particulates from the lime solid wastes will 

6-12 
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meet the air radioactive material pathway exemption criteria 

of OAR, Section 345-50-035. Over a 10-month period, the 

TWCA site boundary at five locations had an average radon 

concentration of 0.26 pCi/l. This value is close to the 

Table 6-10 
SOLIDS CHARACTERIZATION 

UISP ANO SO!KIM' IAKE 

Concentration Concentrat1on 
Parll!Deter Ranqe Parameter Range 

Calcium 5 - 15.9' Chloride 0.17 - 8.3\ 
Maqnesium 0.029 - 2\ nuoride 0.099 - 13\ 
Pota.ss 1Wll 0.02 - 0.58, Sulfate 0.66 - 10.2\ 
Sodium 0.05 - 19,900 ppm Carbon 0.35 - 15.3\ 
Arsenic 8 - Sl ppm NitroqeD 5,500 - 23,000 ppm 
Barium <200 - 400 ppm Radlua-226 1.25 - 89 .,Ci/911 

Cadmium <l - 100 ppm Thorium 0.006 - 0.029' 
Chromium LSO - 2,600 ppm UraniUll 0.018 - 0.49\ 
Lead 87 - 520 PPll 1,1,1-Tri::hloroetbane <l - 18 ::i:c 
Mercury <.5 - 4 ppm 1,1-Dichloroethane <l - 15 ;:ipb 

Silver <.5 - <50 ppm 2•Hexllll01lf! <10 - 250 ;>pb 

AllmliJ:llllll 0.2 - 10~ 2-Methylnaphtbalene ND - <30 ;:pb 

Antimony <100 PP1 Ac:ellapthene <30 ppb 

Copper 72 - 630 ppm 
Iron 0.005 - S\ Acetone <10 - 17 i;ii;b 

Manqanese 0.015 - o.58' Hexachlorobenzeiie 4,500 - 5,000 ;:pb 

Nickel 0.075 - 1,100 ppa He:ucblorohutadiezie <30 ppb 

Niobium <.013 - 0.32\ Hexadlloroethane <30 ppb 

Selenium <l - <5 ppm Methylene Chloride 5 - 39 i;ipl:I 

Silica 1.5 - 22.3\ 
TantalUID <.01 - 0.7\ Pllenan tllrelle <30 ppb 

Titanium <100 - 250 ppll Cblorobellzene 4.5 - 14.4 ;:ipb 

Vanadium coo - 700 pr;a Chloroform <l - 6 ;>;:b 

Zinc 54 - 270 ppm Dichloroethelle <l ppb 

Zirccmiua and 5 - 27.0\ Tetrac:hloroethene <l - 4 ppb 

Hafriiua IOI 
Other Volatile & 
Sellivolatile Orq1111ics 

Note: ND = Not Detected 
Coricentrations are on a d.r7 weiQbt basis. 

6-13 



?arameter 

.l.nt~:nony 

Copper 
Nickel 
Sele:iium 
Zinc 
Arsenic 
Barium 
Cadllll.wa 
ChrOllli\1111 
Lead 
Silver 
Radiwa-226 
Thorium 
Uranium 
Tballum 
2,4,S-TP 
2,4-D 
4,4-000 
4,4-DOT 
Methyl Isobutyl Ketone 

Acetone 
Aldrin 
B-BHC 
a-BHC 
d-BHC 
Bemo !Kl FluorantheDe 
Bis-2- !et.hylhexy 11 

Phthalate 
Cartion Disulfide 

CURRENT SITUATION S~MMARY 
Revision 4 
October 1988 

Table 6-ll 
SOL:DS CHARACTERIZATION 

V-2 POND 

Concentration 
Ran2e Parameter 

<l.O ;ipm Chlordane 
0.03 - 0.06 ;ipm Cllorofor111 
0.39 - 4.43 ppm 
<.OS ppm Oi-N-Butyl Pbthalate 
0.09S - 0.623 ;ipm Oicamt>a 
<O.OS ppm Oieldrin 
<.OS - 0.132 ;ipm Endosufan 
<.002 - 0.033 ppm E:ndosulfan II 
<.cos - 0.009 ppm Endosulfan Sulfate 
0.018 - 0.06 ppm 
<.COS - 0.007 ppm Endrin 
1.2 - 120 pCi/9111 Endrin aldehyde 
2 - 619 :>Pll nuoranthene 
SS - 3,S09 ppm Heptac:111or 
<l ppm Heptac:blor Epoxide 
<100 ppm 
<100 ppm Hexacblorobenzene 
<.S ppb Lindane 
<.S ppb l!etboxyc:hlor 
25 - 143 ppm !!ethylene Chloride 

PCBs 
S49 - 2,020 ppb 
<.S ppb Pyrene 
<.S ppb Toluene 
<.S ppb Toxaphene 
<.S ppb Tric:llloroethene 
ND - 439 ppb Vinyl Acetate 

Xylenes CO&RI 
633 - l,598 ppb 
181 - 802 ppb 

Concentration 
'lance 

<10 ;ipb 
ND-20 ;ipb 

376-962 ;:ipb 
<100 ppm 
<.S ;:ipb 
<.S ppb 
<.S ;:pb 
<.S ppb 

<.S ppb 
<.S ppb 
ND-499 ppb 
<.S ppb 

<.S ppb 

ND-12,426 ppb 
<.S ppb 
<l ppb 
28 - 66 ppb 
<10 ppb 

ND-SOS ppb 

ND-8 ppb 
<SO ppb 
N0-4 ppb 
ND-213 ppb 
ND-20 ;ipb 

NOl'E: NO = not detected 
Concentrations are on a dry weight basis. 
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radon concentration measured at eight background locations 

(0.21 pCi/l). The data show that radon released from the 

LRSP and SL is diluted to background levels at the site 

boundary, and is only slightly elevated above background 

levels on the banks of the LRSP. A MILDOS computer program, 

developed for the U.S. Nuclear Regulatory Commission, was 

selected to calculate maximum airborne part~c~late activity 

adJacent to the LRSP and SL. Results are_s~wn in Table 6-12. 

--

..... _ -

Radiouucl1de 238u 
Concentration, .,C1/m3 

21~ 210a1 210p
0 

KPC-pCi/m3 4 200 7 

LRSP 6:1tl.0-3 6xl0-3 6xl.0-3 

Sellllidt Laite Szl.0-3 Sxl.0-3 Sxl.0-l 

:. - =::--

~, '-- \ \ 
Airborne-particfrl.a~ st~ies by Scientific Applications, 

... "'=-.......... ,/ --
Inc., indicated th~-no detectable concentration of alpha 

emitters existed, and that the air pathway is considered 

unimportant as a means of radionuclide transport. TWCA estab-

lished a monitoring program in July 1978 to quantify gamma 

levels at the site boundaries and selected areas within the 

facility. The data are shown in Tables 6-13 and 6-14. All 

levels are below the limits specified by the U.S. Nuclear 

Regulatory Commission. 
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1 
2 
4 
6 
7 
8 
13 
15 
16 
17 
18 
19 
23 
24 
31 
33 
34 

Notes: 

CURRENT SITUATION SUMMARY 
Revision 4 
October 1988 

Table 6-13 
PI.ANT PERI~..ETER MONITORING--QUARTERLY BASIS 

PE:NETRATWG/NONPEYTRATING 

7/01/87-
9/30/87 

m/m 
m/m 
m/m 
m/m 
m/m 
m/m 
m/m 
m/m 

19/m 
m/m 
m/m 
m/m 
m/m 
m/m 
m/m 
m/m 
m/m 

4/01/87-
6/30/87 

m/m 
m/m 
m/m 
m/m 
m/m 
m/m 
m/m 
m/m 
m/m 
m/ln 
m/m 
m/ln 
m/m 
m/m 
m/m 
m/ZD-=-- ~ 

!DI~-"== -

1/01/87-
3/31/87 

m/m 
m/m 

m/m 
m/m 
m/m 
m/m 
m/m 
m/llL-- -
m,1111 

- -::--

m/"ID. - __ -
m/m"'\,. 

--- ===-=..llt/m --.,,_= -

·. ,~::!=::;··, 
-,,_ m,/111 

~- =, 
-=- .r ~------:.. i' 

7/01/78-
9/30/78 

m/m 
m/m 
m/m 
mt.m 
m/?n 
tD/m 

-- m/m J 

11\/m"--
m/~_ -m/m 
m/m 
m/m 
m/111 
m/111 
111/m 
Ill/In 
m/m 

10/01/78-
12/31/78 

10/m 
m/m 
:n/m 
m/m 
m/m 

31/m 
m/m 
m/m 
m/m 

13/l:I 
m/m 
m/m 
111/111 

10/111 
m/111 

12/111 
18/ln 

located throu~~~~t ~mai( pla~t--~rte. 
1. Accep~tS-'$p~ified by the U.S. Nuclear Regulatory 

Cotnmf :/{~-~n . "-, _ -:.. _ ~--

Whole -Be?~ _Quarterly--1250 11Ullirem. 
=-=,"'t..~--

m--below measurable detection ll.llU.ts. 2. 

3. date expressed as 11Ullirem units. 
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The Farm Ponds contain lime solids generated after a maJor 

process change that lowered the radionuclide levels vis-a-vis 

the material in LRSP and Schmidt Lake. The radiwn content 

is approximately 5 pCi/g, compared to a median value of about 

40 pCi/g for Schmidt Lake and the LRSP. The lower radiwn 

content equates to a marked reduction in radon emanation. 

Consequently, the Farm Pond solids should pose._no risk or 

threat to the public health and welfare, oi to the environ-

ment. 

Current monitoring proqrams conducte<L_p~suant to Air Contami-
~ -= - -...,._ -- -

nant Discharge Permit No. 22-05~-fi""av~_~erated a significant 

body of info:anation on p~ s~\~~i~-s~;ons such as metals, 
- ~ : :i 

armnonia, chlorides, su(ta~"""'s; ~luorides, sulfur dioxide, 
~;.. ----==-~ ------ _::::z..::. -- - -::...-

carbon monoxide, nit.rous..o~ide$7 and particulates. 

{<-~>:::~ 
AREA AND POINT "SOORCE ST~DIES 

"\.. ·-v- ~--
-:.. - .;r 

"'=~-"' 
Chlorides, Chlorine, and Ammonia 

Ambient air measurements, which were supplied to the Oregon 

Department of Environmental Quality (DEQ), are typical of 

the plant site and are presented in Tables 6-15 and 6-16. 
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a 
Nort! ~ 

fu51/111 I 
Cl Cl __ 2_ 

Jan. 2-9 <0.036 <0.014 

.:an. 9-16 <0.040 <0.016 

Jan. 16-23 <0.034 <0.014 

Jan. 23-30 <0.041 <0.020 

aAll periods are in 1986. 

October 1988 

Tal>le 6-15 

Ambient A1r ~asurements 
January 1986 

Eas~ 
cug/111 1 

NH Cl NH 
~ _s_ _..L 

0.002 <0.059 <0.024 0.017 

<0.017 <0.066 <0.026 <0.015 

<0.024 <0.042 <O.Ol7 0.015 

0.021 <0.050 <0.025 0.016 -

Cl 

<0.023 

<0.025 

<0.036 

<tl.027 

--

Sou§h 
!u511111 1 

Cl 
--L 
<0.009 

<0.010 

<0.014 

<0.013 

Notes: Measurements made at the three mon1tor1nq staUans!---aeasuremmts sbown here 11 

averaqe for the ti.me des1qnated. 

TLV-SAI, N. Irv1Dq,
3
4th Edition 1975 

Cblor1De: 3 uq/m
3 

Almlollia: 18 uq/m 
-~ 

u = mic:ro ---- ~-

- -
, ---:. '?at>le 6-lli 

- - Allbid AU lleasareMDts 
( - _-J~ 1987 

Period a 
No -'=-,._ -~-- _,--~~-~~:- Eas <uf!i """=-_ ="'--_ ;;. '""~ - - <11•3) 

ci _:c 2 -~-- 'llR3 , _ct _i 
Jan. 2-7 <0.104 "'"~,,,_ <'0-._~42 <0.017 <0.017 <0.007 

Jan. 7-14 <0.061 Cia.024 <0'.~3 <0.092 <0.037 

Jan. 16-21 <0.143 <o:-e.s~'"··-=--~;o 28 <0.061 <0.025 

Jan. 21-28 0.031 <0.0~1-~ . .,,/(0.013 0.023 <0.009 

Jan. 28-
Feb.4 <0.0:21 <0.008 <0.007 <0.057 <0.023 

•u1 periods are in 1987. 

Sou]b 

N93 c1 
(}!~•) 
__i 

<0.014 <0.049 <0.019 

<0.016 <0.058 <0.023 

<0.016 <0.065 <0.026 

<0.017 <0.025 <0.010 

<0.026 <0.035 <0.014 

NH __ 3_ 

<0.014 

<O.Oll 

<0.010 

mt; 
<0.020 

<0.026 

<0.026 

<0.12 

<0.012 

Notes: tleesun9ents made at the three monitoriDq staUons; measurements sbcnrn bere are 
averaqe for the tille desiqnated. 

TI.V-sAl, If. Irv1Dq,
3 
4th E41t1on 1975 

Ollor1De: 3 uq/m
3 

~ia: 18 119/m 

u '" m.ic:ro 
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Date 

1957 

Dec. 1964 

May 1967 

1969 

1972 

Dec. 1982 

March 3, 1986 

May 1987 

Aug. 1987 

Feb. 1988 

GENERAL 

Revision 4 
October 1988 

Event 

Wah Chang Corporation began operation. 

Plant site flooded to elevation of 
approxlJT\ately 209 feet above MSL. 

Teledyne, Inc., purchased the plant from 
Wah Chang Corporation. 

Termination of zirconiwir carbide 
production process. ~ 

-=- ----

Installation and startup of~sa~ chlorin-
ation process. -

TWCA placed on N~~~~~ Priorities List. 
·'-. ~- -

EPA (C. Fincll~~ik."x> made a Sec
tion 104 CER~ J:.e~est for environmental 
data and=z:adiatton seudies conducted since 
July _l ~~.\ '=-. ;_-

TWci~-~~ ~A~~ Order on Consent Docket 
]D.. 111!16~02-!-9-_ 106. 

__ --~ ~~ , __ ' 
---- fTW~ ~bliU..eted draft Work Plan for RI/FS. 

~ "=ii. ~ = 
~~ ~TWCA!submitted revision No. l to draft 

~"'"w~ P-lan for RI/FS. 
-==-- _.F 

-II'==---
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Teledyne Wah Chang Mining Waste NPL Site Summary Report 

Reference 2 

Excerpts From Decision Summary, Interim Response Action, 

Operable Unit l; EPA; 1989 





I 
~ 

DECISION SUl"'l"IARY 

INTERIM RESPONSE ACTION 

OPERABLE UNIT #1 

SITE NAME 

Teledyne Wah Chang Albany (TWCA), Albany, Oregon 

LOCATION ANO DESCRIPTION 

'() ;-- q_~~ 

TZ4-C10 r":1C)-~· ~ 

,....,. - - -I.., •- - -

:;~IC T;: S 
rlf'G'()r i. 1 

The Teledyne Wah Chang Albany facility is located in Millersburg, Oregon 

(about three miles north of Albany) in the Willamette Valley (see Figure l) 

The Superfund site includes the 110 acre plant site property and the 115 acre 

facility known as the "farm site", which has the plant's wastewater treatment 

ponds ("Fann Ponds") and is located approx11nately ~ mile north of the plant 

site. Operable Unit #1. the unit addressed by this Interim Action. includes 

the solids in the Lower River Solids Pond and Schmidt Lake.wi.....c..L "" ... l~ 
l,.e.~ .K... ~ ~ 1t- ..,.~-~ l.k 2-

Of the two ma1or site areas, the plant site contains numerous buildings 

and facilities including an extraction area south of Truax Creek. a 

fabrication area north of Truax Creek, a solids storage area west of the 

Burlington Northern Railroad. and a parking and recreation area east of the 

Southern Pacific Railroad The farm site is 3/4 of a mile north of the plant 

site and contains five 2-1/2 acre solids storage ponds The remainder of the 

site is used primarily for agriculture Over 1300 people are employed at the 

TWCA plant. making it the largest employer in the Albany area 

The Lower River Solids Pond (LRSP) ~nd Schmidt Lake are the two sludge 

ponds addressed by this Record of Decision They lie in the western portion 



The immediate area surrounding TI.ICA is primarily industrial, with some 

land to the north being used for agriculture The land east of Interstate 5 

and south of the plant site is used mainly for residential and commercial 

purposes. while land west of the Willamette River, which borders the plant 

site, is used for farming Albany, the urban area to the south of the site, 

has a population of approKimately 27,000; Millersburg has a population of 

about 560 

There are about 2SO known private drinking water wells within three miles 

of the facility, all of these wells are upgradient of the site There are no 

known domestic, municipal, industrial, or irrigation wells located between the 

site and the Willamette River The Willamette River is not used as a dr1nk1ng 

water source in this area 

SITE HISTORY ANO ENFORCEMENT ACTIVITIES 

Site History 

Operations at the TWCA site began in 19S6 when, under contract with the 

U S Atomic Energy Co111111ission, Wah Chang Corporation reopened the U S Bureau 

of Mineti.Jirconium Metal Sponge Pilot Plant. Construction of new facilities 

at the site of the existing plant began in 19S7. These facilities were built 

primarily for the production of zirconium and hafnium sponge However. 

tantalum and niobium pilot facilities were also included. Melting and 

fabrication operations were added in 1959 Teledyne wan Chang Albany wa~ 

established in 1967 after Teledyne Industries, Inc purchased Wah Chanq 

Corporation of New York. In 1971 the plant became a separate corporat1 -

Teledyne Wah Chang Albany 



Because of the many processes involved in production of nonferrous metals 

and products. waste management programs at TWCA consist of a wide range of 

process wastewater treatment, solid waste management, 

hazardous waste management. PCB ~quipment management, radioactive material 

control, waste minimization through beneficial use, and air quality control 

programs Discharge of process 111astewater is regulated by an NPDES permit 

An Air Contaminant Discharge Permit regulates emissions at the facility 

Teledyne is currently classified as a hazardous waste generator under the 

Resource Conservation and Recovery Act (RCRA) program 

The LRSP was constructed and placed into operation in 1967 to receive 

lime solids (sludge) from TWCA's ons1te wastewater treatment plant, Schmidt 

Lake was constructed for the same purpose in 1974 Sludge was pumped into the 

two ponds until October 197'9 when the fann ponds to the north of the facility 

were put into operation The farm ponds were originally part of this operable 

unit. but because they are outside the flood plain and are not considered an 

immediate threat. they are now being investigated as part of the overall site 

RI The sludge in both the LRSP and Schmidt Lake contains metals, a few 

organic compounds. and trace levels of some radionuclides. Tables 1- :f 
present a suinmary of the contaminants found in the sludge. 

In 1978, l\CA lllOdif ied the process for the production of zirconium and 

hafnium metal. The process modification directed the radioactive materials 

into a..separate solid ...aste referred to as chlorinator residue This residue 

3 



15 managed as a low specific activity radioactive waste and shipped to 

Hanford, washington, for disposal Sludge generated since the implementation 

of this modification has been stored in the farm ponds 

Enforcement History 

The sludge ponds have attracted the attention of regulatory agencies and 

the public for many years, particularly because of the presence of radioactive 

materials, which was first confirmed by the Oregon State Health Division in 

1977 In March 1978, TWCA was granted a Radioactive Materials License to 

transfer, receive, possess, and use zircon sands and industrial byproducts 

containing licensable concentrations of radioactive materials TWCA took 

samples from the ponds on scv~ral occasions in 1979 and 1980 In 1981, the 

company applied to the Energy Facility Siting Council (EFSC) for a site 

certificate to close LRSP. the next year, they made another application to 

store approximately 120,000 cubic yards of lime solids The site was listed 

on the National Priorities List (NPL) in October 1983 After several years of 

hearings, court actions, and further sampling, EFSC ruled in 1987 that the 

sludge was not sub1ect to their 1urisdict1on, the levels of rad1oact1v1ty 

being too low. TWCA then submitted a closure plan to the Oregon State Health 

Division, but EPA and other agencies recommended that closure not take place 

until after the conclusion of the RI Meanwhile, the site had been listed on __. 

the National Priorities List in 1983, and on May 4, 1987, TWCA had s~gned a 

Consent Order agreeing to connuct the RI/FS. 

The TWCA facility hold~ i:.>•·rn11ts for water and air emissions It was 

found in violation of 1.1cut ....... l•'" discharge pena1ts in 1975, 1977, and 1978, 

subsequent process chang~~ '<•du~\!d the toxic1 ty of the facility's waste~ter 

discharges TWCA was os~··ssr>d f1nPs for other water quality permit violations 

in 1979, 1980 and 1989 The company was fined for illegal open burning in 
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INTER-OFACE MEMO 

TZ4-Cl0005-DV-02775 

REC:1'JEC, 

DATE l'!a.rch l, 1990 
/~ 

TO Tom Tobin FROM· P au 1 Ml. Us { ""'t..-.. 

a.. 
SUBJECT: SAIC Report, Data Validation Work Assignment Cl0005, Teledyne Wah Ch~ng 

Attached is a swimiary of the data validation performed on the data from EPA's 
Case #12741. Metals, volatiles and base-neutral/acid organics by GC/MS, and 
organochlori.ne pesticides and PCBs by GC were reviewed, using the EPA's CLP 
data validation guidelines (1988) to evaluate the completeness and compliance 
with contract requirements. 

The original data you provided us was copied and distributed to specialists 
in the SAIC Environmental Chemistry Laboratory Di.vision. Ray Martrano, CC/MS 
Section Manager; Steve Clover, CC Section Manager; and Leta Thomsen, Metals 
Section QC Specialist, performed the validations of their portions of the 
data. I have enclosed their summaries as attachments behind my own. Additional 
suoporti.ng data for GC/MS, such as checklists, etc. is also included. We 
will mail back the original data to you under separate cover. We will 
maintain our copies in case there questions, until you have authorized us to 
either dispose of them or send the copies back to you. 

The hours charged by the reviewers are as follows: 

Ray Martrano = 18 hours 
Steve Clover = 14 hours 
Leta Thomsen = 25.S hours 

57.S 

There will probably some secretary ti.me thrown in for typing Ray's report. 
I'll charge my ti.me to TES QA numbers, for oversight/auditing of lab work here, 
since I think this 1s appropriate. 

If you have any questions, please call me, (619)-535-7493 

Attachments 



soil matrix, and the standard should be analyzed under the same conditions as 
samples. It is possible that the reported values for these samples are somewhat 
high; "hot• purge standards may have produced a larger response, against which 
the samples' responses would not have generated as high concentrations 

Due to surrogate recoveries and spiking errors, several samples required re
extraction for BNAs. These were re-extracted beyond the specified holding time 
for extractions; since surrogate and matrix spike recoveries on the re-extracts 
were acceptable, no significant data impact is noted. \lhere insufficient sample 
volumes remained for re-extraction with full volumes of samples, 500 ml aliquots 
were used, which would require an increase in reported detection limits by a 
factor of 2, since usually 1000 ml are used. 

Several non-criteria compounds showed a high RSD in calibration runs \Jhile 
contractually compliant, the data user is advised to note that samples containing 
"hits" of these compounds may be considered estimated concentrations See the 
tables attached to the GC/MS review section for details concerning which samples, 
calibrations, and compounds are affected. 

Several spectra of hits in these samples were judged by the SAIC reviewer to be 
poor fits, i.e., not meeting the CLP-specified criteria for matches. These are 
mostly very low-level (lower than contract required reporting limits) compounds 
which the lab has self-reported as estimated, using the •J• data qualifier. See 
the associated table in Section IX of the GC/MS review for details. If these 
compounds from these samples are of concern, it is recommended that alternate 
methods by used to identify and quantitate them (e.g., GCs for volatile analysis 
can more accurately measure low levels) 

ORGANOCHLORINE PESTICIDES/PCBs· 

Several samples exceeded the extraction holding time when they were re-extracted 
Re-extraction was required due to incorrect surrogate spike amounts. Original 
results of initial extractions of these samples show the presence of PCBs and 
it is unlikely PCBs degraded in the few days after holding times expired The 
data for the re-extracted samples should be qualified as "estimated" JF069RE, 
JF069MSRE, JF069MSDRE. 

JF076HS and JF076HSD aqueous spiked samples were extracted beyond the holding 
time; since no compounds were found above reporting limits in the original sample 
which met holding times, there is no significant impact on data quality 

Although contract-required confirmation criteria were not met, the second-column 
confirmation runs did show the PCB patterns which in the chemist's Judgment 
confirmed the presence of PCBs 

A method blank showed below-reporting limit levels of PCB-1260, no associated 
samples showed this PCB at any detectable level It was Judged a laboratory 
contaminant, and no qualification of data from samples was noted. 

Soil sample matrix spike/matrix duplicate recoveries on the re-extracted samples 
exceeded the advisory control limits, probably due to the interferences from PCBs 
in the native sample. There is not significant impact on data quality. 

2 



SAIC's data reviewer believes that the pattern(s) reported by the original CC 
chemist as PCB-1248 and PCB-1254 are all PCB-1248. Since identification is made 
using several peaks common to both Aroclors, there could be some later-eluting 
peaks of 1248 which may be interpreted to represent PCB-1254. The quantitation 
of PCB-1248 uses earlier-eluting peaks than PCB-1254 does, so the actual values 
reported would not be changed much (perhaps 25 percent) if the Aroclors present 
are considered all 1248 instead of a mixture. If total PCBs are of concern, 
rather than amounts of specific isomers, there should be no impact from this 
differing interpretation PCBs were detected in GC/MS runs of these samples, 
but SAIC's CC/MS data reviewer was unable to determine whether PCB-1248 and PCB-
1254 were both present 

3 
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c l.IST SUBSTANCES 0 .. GREATEST CONCERN WMIC" AR[ OH 'THE SIT[' (pl•c .. ,,, d••C•ttd•tt• ord•r ol ha•Md) 

2- FORM l TOXICITY 
(111•r• •x J (M•r• •x•J , SUBSTANCE 

·- •c> 
• CAS NU .. BER 5 AMOUNT 6 urrrT .. c. y ... •- b < d. 

'-'0 \,,IQ. DOii -·co.- wco '-0" NONI! 

Radium chloride x x None 

Radon gas x x None I 
UranlUm x x x None 

Thon um x x None -

-

I I I 
VID. HAZARD OE~CRIPTION 

F"IELO EVALUATION .. .a.ZARO DESCRIPTION Pl•Ct' an • x· 1n Chf' boa lo U\d&C•lt" that the hs1ed he.urd eaaSIS Descrab~ \he 

hazard 1n the spac~ pro\ 1ded.. 

::::i A MUllilAM H!,ALTM .. AZ AROS 

A. Radon gas 1 s a serious threat to \10rkers 
B. In the event of a small flood these would be widespread contamination by rad1oact1ve 

wastes 
c. Land use must be restricted for thousands of years due to radioactive waste 

I 



\1ll HAZARD DESCRIPTION (continue:' 

Unknown 

Cl] C "O'll(EFI INJU'IY/[XPOSU'IE 

Several c1tat1ons have been lSsued. 
A. Fatality: anhydrous arranonia exploded, blasted and burned worker. 
B March 17, 1976, Citation. HCI exposure 
C. Sept., 1975. C1tat10n. Rupture and explos1on of t1tan1um tetrachloride and 

lnhalat1on, 2nd degree burns. 

[D o. CONTAM1NAT10N or "ATER SUPPLY 

Possible. Many domestic wells in the area in the aquifer of concern. tleed to 
sample these wells. 

~ [.CONTAMINATION or 1'000 CHAIN 

Food chain crops grown on land spread with radioactive wastes. 

W F CONTA"l"ATION 01" CROUNO WATrA 

Wells sampled show 10 of 13 wells had elevated levels of radium chloride and 
3 wells exceeded legal levels. Radium chlor1de levels at 6 p1Cu found in 
40 feet test well. 

(:Y;l G CONTAMINATION or SURl'ACE •ATEll 

Sampling at Truax Creek shows h1gher radionuclide concentrations attributable 
to nlCA plant. 

c~-



UI H .. ZARO o:scRIPTION (continued) 

Unknown 

Unknown 

0 J CO .. TAMINATION or AIR 

Radon gas emission from sludge lagoons. 

D 0( NOTICEABLE OOORS 

None 



/Ill H.t.Z.t.RO DESCRIPTION fcon11n .. edJ -u H. "•RE OR EXPLOSION 
~~~~~~~~~~~~·~ 

Several explosions due to magnes1um and zirconium. 

:ij 0 SPILLSILEA1<1Nc; CONTAIN[R5/RUN0'1'/STAN01N(; LIQUID 

Chlorinator residues. Ordered to clean up ln 1977. No other sp1lls or 
hot spots the Health Department ls aware of. 

~ P. SEWER STORM CRAIN PROBLEMS 

Discharged rad1oactive mater1als to sewer but nothing detected ln excess of 
State standards. 

CJ Q EROSION PROBLEMS 

Water leach1ng through dikes in past. Not felt to exist at present. Dikes 
made of rip-rap, not lined. 

i](j R UUD[0UAT[ SECURITY 

Not fenced on river. Rest of s1te is fenced. Ponds not under constant guard. 
Guard at gate. 

;-I) S. '"'C0MPA TIBI. E •AST[S 

A. Magnesium and zirconium 
B. Radioactive substances 

E P.1. F' e-- T ;:'":-3 (1 :-·~. 



\Ill! HAZARD DESCRIPTION 'ron1 nu<'d) 

OT MIONIG"T OU .. PING 

None known 

=i u OTMER C•P•Cll)J 

IX. POPULATION DIRECTLY AFFECTED BY SITE 

C.APPROll NO OF" PEOPL.E I c APPROX NO. E DISTANCE 
A L.CCATION 0" POPULATION B APPROJI NO. A .. l'ECTEO WITHIN OF" BUll..01NG$ TO SITE 

OF" PEOPLE """ECTEO UNIT AA[A A ""ECTEO 1 •P•C•I) unua) 

I ,..,. •csioc ... ,., .. ,. .a•1as 20,000 3 miles > 5000 3 miles 

l ,., co--ir.•c1a'-
3,000 l miles ) 1000 3 miles OD 1.,.:.\.l>T•l.11t.L a.•l[&S 

• , .. oubt..tC L 'f 

10,000 2 miles > 1000 3 m1 les Tlll&vf:L'-CO ••C.t.I > 
- 6 schools • "'uBL•C use •AllCAI 2 miles 6 2 miles (l~•r•• •cl9ool•• erc.J 

1 ""''"Ir 
x •ATER AMO HYDROLOGICAL DATA 

A OEPT ... TO GAOUND•AT[Rf•P•Cll, ... ,,, a. o•A~CT•o ... o,. FLO• C GAOUN~•A'T[A USE IN v1;:1N1T'¥ 

WNW Pomestic, industrial 
:> POT[.,TIAL. YIEL.0 0" AOUll'"ER E DISTANCE TO QOuuitlNG •A•[q SUPPL"' .. Qllt[CTIQN TO OllllOCING •ATER SUPPL.T 

l•p•c•lr ..,.., of ••••.,•J < 1 m1 le all around Stte 
G T"Pf 0, CRINlll:IN(; •AT£A SUPPL.Y 

I ~· 
... :)N•COMWUNIT'r Ci] ~ COM .. UNIT'r (•P•c•rr 10-J Albanv 1 from the Santanium River 
<I! CO• .. •EC~•O"S" >IS CON"[CTIONS (pr1vate domest1c we 11 s) 

I :!:) l su~rACE •ATER ~· •Cl..L. 

..... cE e o" 10 Con11nuf' On PoS<' 9 

I 
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Contrnu~c! F10-n Pa~e I 

X. •ATER AMO HYOROLOGIC.t.L DATA (conrrnucd) 

H t..rST At..L CD11ii111(1 .. G •&TED w(L.L.$ wlTMI ... A 11• Mil.£ COAQIUS or SIT[ 

• • a.tOflilt·COw- cowwu.,.· 
wu .. ITT .... ,. ' •Ct..t.. 2 Ct:DTN 

f•ri•c1l7 u:n11J 
J t..OCATIO""' 

(pto•u1111r ro popwl•uon./ btvlldlnl•) ,.,..,. ·x·, ft:l'l.,t ·x·1 

McK1bben I (See files and maps) x 
Hofziger 70' I II x 
Schmidt SS' II x 
Schmidt II x 

I 
I CIEC EIVUlfG WA TEA 

r!:J • ST•E& .. a/alyl:ltl 

D• OTMI: •(•P•cUrJ - - -- -- - - - - - -

Willamette is Class I water 

XJ. SOIL AHO VEGITATIOH DATA 
L.OCA TION OF SITE 15 IN 

::J A KNOWN FAULT ZONE 0 8 KARST zo .. E l!J C. 100 TEAR "LOOO PLAIN [!J 0 W[TLANO 

=:J E. A RECULATEO F'LOOO•AY 0 F. CRITICAL •UBITAT D G A[CNAAGE ZON[ OR SOLE SOURCE AQUIFER 

Xll. TYPE OF GEOLOGICAL MATERIAL OBSERVED 

~lark •x• to 1nd1c•l• the typ.rs) of 1eoloru:al matenal observed and speedy where necessary, the component parts.. 

" x· 
- A t.V[R!IUROEN -
x I SA .. :I 

X 1 CO..•Y 

x J C:llAYIL. 1 
XJD SOIL PERMEABILITY 

LJ A U"l"'NC"•N D c HICN(JOOO 1010 CM/••C.J 

YJ 0 MOOE RATE (10 ro I c.,/ ••C•J 

0 •. vEt:IY liftClil (100,000 10 1000 c11t/••C-J 

0 E. LO• (I ro 001 ctrt.l••C•} D ~. V£RY LO• (.001 10 00001 c.t/••C) 

C RECHARCE A"EA 

::x I. YES :=J 2. "0 l COMMENT'-

"' OISCMAAGE AR[A 

::x 1 YES ~ 2 ..,0 

I So..OPE 

ETC. 

l
'"zl:~:C"' O••ECT•O .. 00' SLODt co .. O•T•O .. 00' SI.OPE 

~ ,, .... 1 c. 1.ii>c:;t towards W111 amette Rivi>r 
J OTMECI CEOL.OG•C:AL O.alA 

Setting 1n an alluvial flood pla·n with lakes in abandoned meanders. 
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-
XIV PERMIT llHORMA TION 

:.. st all •;>Pliceblc pe~us held by the sue .and provide U.e rela!ed infonnalJon. 

I • IN COMPLIA ... CE. 
0 CATE [ [XPIAATl0H (rn••" ")(") 

A PEAMIT TYPE 8 ISSUIN(; c P["WIT ISSUEO OAT[ 

" a RCRA St•••./\PDES.••c•) AGENCY HUM9[R ('"o ,d•r.•,., J (fl'IO· d•>••J"'f•) ' 2 l u .. 
•CS NC KHO"""" 

RCRA EPA 3-16-82 x 
NPOES I OR DEQ OR10001112 1-4-78 7-31-81 x 

I ::iso I EPA 220547 x 

I 
I I 

I 
XV PAST RECULATOl<Y OR ENFORCEMENT ACTIONS 

:J NON[ ::::x:J TES, • .,,....,..,, ... '" ,,. .. •P•C•J 

1972 - 1979 

Numerous failures to comply with NPDES permit requirements for one or more 
pollutants. 

Several citation from Oregon Accident Prevention Division. -· 
-· -. 

-

-

NOTE Based on the 1nlormat1on 1n Sec:uons 111 through XV, fill out the Tentative D1spos111on (Secr1on 11) 1nlonnat1on 
on the f1•st page cf this form. 
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Reference S 

Excerpts From Review of CH2M Hill Work Pl.am for Baseline Risk Assessment: 

Human Health Evaluation and Environmental Evaluation, 

Remedial Investigation/Feasibility Study, Teledyne Wah Chang Albany, 

DCN: TZ4-C10005-EP·ff0773; Environmental Toxicology International Corporation; 1990 



~ 
DCN# 1Z4·Cl0005-EP-H077 

To: 

From: 

Date: 

MEMORANDUM 

Pat Cirone, U.S. EPA 

Jeanne M. Funsch. E11 

16May1990 

9 
Environmental 

A E C E I V E 0 Toxicology 
MAY A:! S 1990 International. Inc 

Subject Comments on the Teledyne Wah Chang Superfund Site Draft Work 
Plans 

Tilis memo presents the comments on the Teledyne Wah Chang Superfund Site 
Draft Work Plans for the Baseline Risk Assessment that were discussed by 
Jeanne Funsch (ETIJ, Bruce Duncan (EPA), and Pat Cirone (EPA) on 15 May 
1990. The comments on the Environmental Evaluation are presented first. 
followed by comments on the Human Health Evaluation. 

ED'V'lronmental Bvaluatlon 

1) Using a hazard Index approach (Le.. companng estimated wildlife 
exposures to water quality a1teria or reference values from the sdentlflc 
literature) may not be a suJJldently-complete assessment of the potential 
affects to the ecosystems present at the Teledyne site. 1bls approach ls 
useful for screening purposes. however. The results of this screening 
may warrant examination of certain contaminants and/ or exposure 
pathways in more detail (e.g.. bloassays). A discussion of bow the 
screening would be interpreted and used should be lncluded In the Work 
Plan, Including the rationale for either ellminaUng contaminants from 
further study or progressing to a more detailed analyses. 

2) 1hen: Is a lack of basic slte-specillc lnformatton in the Work Plan. A 
conceptual site model ls needed that includes a representation of crlttcal 
habitats and exposure pathways. Informatlon on the species and habitat 
~present on site ls also needed before any assessment strategies are 
formulated. 

Daman Bealtb. Evaluation 

1) New EPA Region X guidance ls expected in approximately one month. 
However. the guidance presented by Region X 1n January of 1991 ls more 

Plaza 600 Bwldmg 
Smh and S<ewmt.. Suite 700 

Seattle. WA 98101 USA 
Telephone <2061441-6142 
Facsmule <206l 443-1812 

Tea 4947618 ETI Ul 



-current than the guidance used in writing the Human Health Evaluatlon 
Work Plan and therefore should be consulted at this time. 

2) Infonnation regarding the exposure scenarios (i.e .. restdentlal. tndustrtal, 
etc.) and the exposure parameters to be used 1n the risk assessment 
should have been submitted prior to the Work Plan (as Js outltned In the 
Region X guidance included as Attaclunent A of the Work Plan). Current 
and future scenarios for both residential and Industrial exposures are 
req\llred by Region X guidance. Also. the separation of the site into two 
source areas should be addressed relative to the exposure scenarios. 

3) A more 1llustratlve conceptual site model would complement a discussion 
of exposure scenarios (I.e .. Instead of a now chart). 1be geographic areas 
of concern should be emphaslZed 1n this model. For example. a depiction 
that supports the elJmJnatlon of exposure to soil as a pathway of concern 
and the areas where workers are currently active would both be 
appropriate. 

4) Adclltional risk estimates currently required under Region X guidance to 
be included 1n a Basellne Risk Assessment are risk reduction for each of 
the remedial alternatives selected for detailed review and estimates of 
risks that may occur during remedial actions. Remedial action goals 
should also be cllscussed tn the Baseline Risk Assessment (1.e.. will 
cleanup levels be based on established criteria or risk-based 
concentrations). None of these topics ts currently addressed 1n the Work 
Plan. These Issues were apparently not addressed 1n the guidance 
Included as Attachment A to the Work Plan. Parts Band C of the Risk 
Assessment Guidance for Superfund under development by the EPA will 
discuss these topics 1n more detail Until these documents are finalized. 
EPA Region X should be consulted. 

5) Risk-based detectton llmlts should be used 1n the RI/F'S process. 

6) The Uncertainty Section was mtsstng In the Baseline Risk Assessment 
Process outlined 1n the Wark Plan on page 1-6. 'Ibis section ts dlscussed 
later 1n the document (page 5-1), but should also Include c:Uscusstons of 
the following: uncertainty 1n the sampling and analysts procedures. 
cllJierences In the absorption of contaminants. the degradation of 
contaminants to more or less toxic compounds, dermal e:icposure 
uncertalnl1es, and the chemical form of the contaminants that ts 
expegted on site (Le.. trivalent or hexavalent chromium). 

7) Including the results of Phase I sampling 1n the Work Plan would be 
appropriate. particularly 1f only these data will be used In the risk 
assessment. 

8) Plates 2 and 3 are mJsstng from the Work Plans. 

cc: John Kane (SAIC) 
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Reference 6 

Excerpts From Technical Memorandum Concerning Fall 1989 Sampling Activities, 

DCN: TZ4-C10005-EP-00568; From Thomas A. Tobin, SAIC, to 

Neil Thompson, EPA; Undated 



TECHNICAL MEMORANDUM 

EPA Contract No. 68-Y9-0008, YA No. Cl0005 
Teledyne Wah Chang Albany RI/FS Oversight 
September/October 1989 

1.0 Introduction 

DCN:TZ4-EP-Cl0005-00568 

From September 19 through October 18, 1989 SAIC provided technical oversight 
for the Phase I Remedial Inves tigat1on (RI} sediment, surface water, and 
ground water sampling effort at the Teledyne Wah Chang (TWCA} facility near 
Albany, Oregon. The RI, conducted by TWCA' s consultant CH2M Hill of 
Corvallis, Oregon, will assess the presence and extent of chemical 
contaminants in ground water, sediment, and surface water in and around the 
TWCA facility. From September 19 through September 29 SAIC provided oversight 
Jointly with the TES-4 contractor, Tetra Tech, Inc. 

Tetra Tech provided primary oversight of TWCA's RI sampling activities during 
the first week of sampling with SAIC in a support role. Conversely, SAIC 
provided primary oversight during the second week with Tetra Tech in a support 
role. SAIC alone provided oversight during the remaining three weeks. SAIC 
provided one field engineer during the initial week of sampling to makeup the 
two person team. During the second and subsequent weeks of oversight, SAIC 
provided two field personnel to provide full time oversight of TWCA's sampling 
procedures. 

SAIC documented CH2M Hill's sampling activities and collected duplicate 
sediment, surface water, and ground water samples concurrently with CH2M Hill 
as described in SAIC's Sampling and Analysis Plan (SAIC SAP, 1989) and Quality 
Assurance Project Plan (SAIC QAPjP, 1989). SAIC directly observed the 
sampling of approximately 80 percent of the ground water monitoring wells and 
obtained duplicated samples from approximately 10 percent of CH2M Hill's 
sampling sites. Table l summarizes all duplicate samples collected by SAIC 
and their corresponding traffic report numbers. Table 2 summarizes SAIC's 
sampling oversight activities and provides additional information applicable 
to each sample station. Appendix A contains annotated photographs and 
associated documentation of sampling activities. 

Duplicate samples collected by SAIC are currently being analyzed by process 
laboratories under contract to EPA using EPA Contract Laboratory Program (CLP) 
protocols. Yhen available, validated results will be submitted under separate 
cover. 

2.0 Weekly Activities and Obsetyed peviations 

Following is a week-by-week description of SAIC's sampling and oversight 
activities. Deviations to CH2M Hill's Field Sampling Plan (CH2M Hill FSP, 
1988) or SAIC's SAP, and subsequent consequences, are provided. Except where 
noted, CH2M Hill followed sampling procedures outlined in their Field Sampling 
Plan. 

l 



~ ..,ber 19-21. 1989 

Yeek 1 Activities 

Robert Brockhaus (SAIC) and Kurt Schmeirer (Tetra Tech) oversaw Week 1 
surface water and sediment sampling activities. SAIC collected duplicate 
samples at Truax Creek sampling stations TC-5, TC-6 and at the Murder Creek 
sampling station, HTC-1. SAIC also prepared two Quality Control (QC) samples 
-- a field replicate sample (designated TC-9) collected at sample station TC-
5 and a transfer blank sample (designated TB-1) collected at sample station 
MTC-1 (Table 1). 

Week 1 York Plan Deviations and Consequences 

1 SAIC proposed collecting a sediment sample at station HTC-1. Only surface 
water was collected at sample station MTC-1, however because SAIC did 
not at the time have a sufficient number of sediment sample containers. 
This inadequacy was caused solely because some of the sediment sample 
containers had broken in transit from the glassware supplier. Able to 
obtain CLP-clean sediment sample containers from CH2M Hill, SAIC instead 
collected a sediment sample at station TC-6. 

Consequences: Since all CLP glassware follows a stringent cleaning 
protocol, the use of CH2M Hill's glassware is not expected to affect 
QA review of sediment sampling results. There is no consequential 
change to the level of QA review by substituting one sediment station 
for another where both samples are subject to comparable analytical 
tests. 

2. SAIC proposed including volatile organic compounds (VOC) trip blanks 
composed of organic-free water with each set of VOC field samples 
collected and shipped to the analytical laboratories. SAIC personnel did 
not include voe trip blanks with Week 1 VOC field samples because the VOC 
blanks obtained from the laboratory contained air bubbles. 

Consequences: Sample trip blanks are used to assess possible sample 
container contamination by volatile organic compounds (SAIC QAPjP, 
1989). Upon receipt of the unacceptable blanks, SAIC immediately 
requested, and received within 48 hours, new "bubble-free" voe trip 
blanks from the laboratory. Trip blanks were included with sample 
shipments during all succeeding weeks. The impact of not sending trip 
blanks with the first week's samples is expected to be minimal to the 
overall quality of the oversight program as all sample bottles were 
taped closed and enclosed in a sealed ice chest. 

3. CH2M Hill relocated sediment sample station Te-6 from that originally 
proposed in their FSP because cobbles and gravel in the stream bed made 
sediment sample collection difficult. As a result, the sediment sample 
from station TC-6 was collected approximately 50 feet upstream of surface 
water sample station TC-6. In addition, the sediment sample from Te-6 was 

2 
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Excerpts From Record or Decision, Decision Summary, and Responsiveness Summary 

for Interim Response Action - Teledyne Wah Chang Albany Superfund Site 

Operable Unit 1 (Sludge Ponds Unit), Albany, Oregon; EPA; December 1989 



RECORD OF DECISION, 
DECISION SUMMARY, AND 

RESPONSIVENESS SUMl\IAR Y 

FOR 

INTERIM RESPONSE ACTION 
TELEDYNE WAH CHANG ALBANY SUPERFUNO SiTE 

OPERABLE UNIT #1 (SLUDGE PONDS UNIT) 
ALBANY, OREGON 

DECEMBER 1989 

UNITED STATES ENVIRO~MENTAL PROTECT[ON ~CENCY 
REGION 10 

1200 SIXTH AVENUE 
SEATTLE, ~ASHINGTON 98101 



INTERIM ACTION SELECTION (SLUDGE PONDS UNii) 
TELEDYNE ~~AH CHANG ALBANY 

ALBANY, OREGON 

Statement of Basis and Purpose 

This decision document presents the selected remedial action for the 
sludge pond unit at the Teledyne Wah Chang Albany <TWCA) site 1n M1 llersburg, 
Oregon, Just north of Albany, developed in accordance with CERCLA <~2 U SC 
§9601>. as amended by SARA and. to the extent practicable. t~e Na~i~~ai 
Contir.genc1 Plai 

This decision is based on the administrative record for this site. A 
copy of the administrative record index is attached as Appendix C. 

The state of Oregon has concurred in the selected remedy A copy of the 
state's letter is attached as Appendix B. 

Assessment of the Site 

Actual or threatened releases of hazardous substances fro~ this site, ,f 
not addressed by implementing the response action selected in this ROD. may 
present an imminent and substantial endangerment to public health, welfare, or 
the environment. 

Description of the Selected Remedy 

The sludge unit addressed by this ROD 1s the first ooerable unit to be 
addressed at the TWCA site The Remedial Investigation/Feas1b1lity St~dy 
<RI/FS> for the unit did not include certain components of a normal RI/FS, 
such as a complete baseline risk assessment, because these will be cart of an 
overall site Rl/FS <currently in the RI stage with the FS scheduled for 
completion in 1991>. The sludge pond unit is being dealt with separately d~e 
to the prooerty owners', and the public's, wish for an expeditious cleanup ,")f 
the sludges, which may be contributing to groundwa:er contam1na~ion at tne 
site 

The remedy consists of· 

Digging up and removing the sludge 

Partially solidifying the sludge with a solir1ification c'~eit ; .. c:- :; 
Portland cement. to improve handling and reduce the gross niob1l1t_1 
of the ;:il1ds A treatment p1ant ~ill be built for th1; ;iu1::.0:e 

Transporting the sludge mixture to a sol id waste landf111 and 
disposing of it offsite 

The •11astes being acd··essed in i:h1: [nter1m Action are not hazF:ou; 
wastes as defined by the Resource Conservation and Recovery Ace <RCRft> 
therefore, the RCRA Lano Disposal Re;trictions oo not apply 



Teledyne Hah Chang Albany <TWCA>, Albany, Oregon 

LOCATION AND OtSCRIPTION 

The TWCA facility is located in Millersburg, Oregon <about three miles 
north of Albany> in the Willamette Valley <see Figure 1>. The Superfund site 
includes the 110 acre plant site property and the 115 acre facility known as 
the ~far111 sit!", which has the plant's active wastewater treatment sludge 
ponds ("farm ponds"> and is located approximately 3/4 mile north of the piant 
site Operable Unit #1, the unit addressed by this Interim Action .. ncludes 
the solids in the Lower River Sol ids Pond <LRSP> and Schmidt Lake. wh1ch are 
located on the plant site near the Willamette River and have not been used 
since 1979. 

Of the two major site areas. the plant site contaiAi nuaMtrOt.ls buildihg~ 
and facilities includ,n9 an extraet,on area south of Truax Creek, a 
fabrication area north of Trua~ Creek, a solids storage area west of the 
Burlington Northern Rat1road, and a parktng and recreation area east of the 
Southern Pacific RailrQid The farm site contains four 2-1/2 acre solids 
storage ponds The remainder of the site is used primarily for agriculture 
The plant is currently operating and employs over 1300 people, making it the 
largest employer in the Albany area. 

The LRS? and Schmidt Lake ,lie in the western portion of the plant site. 
next to the east bank of the Willamette River, bet~een Murder Creek to the 
north and Truax Creek to the south <see Figure 2>. The' LRSP covers just over 
3 acres and holds approximately 75,000 cubic )lards of sludge; Schmidt Lake 
covers roughly O 6 acre and contains approximately 10,000 cubic yards of 
material. The sludge in both ponds avera~-s 4Q ~n:~t soli~ Both pcrds 
are diked to contain the sludge, which also allows rainwater to collect on the 
top of the sludge; the rainwater is collected and pumped back to the plant 
wastewater treatment facility for treatment The top few feet of the sludge 
in both ponds have deep cracks that remain year-round Most of the surface cf 
the LRSP stays wet throughout tne year. out the surface of Schmiot La~e d:.e; 
to dust during the summer 

Portions of the TWCA site, 1nclud1ng the sludge ponds. 
100-year and 500-year flood pla,n; of the W1 llamette River 
surface in the v1cin1ty of TWCA slopes westward towards the 
gradient of approximately 11 feet per mile 

a re in tne 
The ground 

river with a 

Willamette Valley temperature; are mcdeiate. ·iith ma~imums seldom 
reaching 100° F and minimums rarel1 reaching o• F Roughly 70 oercent of the 
40-inch annual precipitation fai I; during November through March, ~hi le on1; 
6 percent occurs during June, July, and August, fal 1 and winter precrpita:ion 
is the primary source of aquifer recharge in the area There are usually on y 
3 or 4 days per year with ~easurable amount; of ;now 



'I - - ; : 

::i-j t:> :r; :iJ.~:-. :;e.:-:; •.J5Ea f: .... :~iLu·:? 7;--: ~a:--: c:i.:~ of: .. ~=;:~:: 
and soutn JF the plant site is use na:nly ~or residential and ccmmerc1a1 
purposes. wniie land west of the ~~illamette River, which borders the plant 
site, is used for farming. Albany, the urban area to the south of the site. 
has a population of approximately 27 ,000, Millersburg has a population of 
about 560 

There are approximately 250 known private drinking water we! Is within 
three miles of the facility; all of these wells are upgradient of the site. 
There are no known domestic, municipal, industrial, or irrigation wells 
located between the site and the Willamette River. The Wi I lamette R:ver is 
not used as a drinking water source in this area 
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Site History 

Operations at the TWCA site began in 1956 when, under contract with the 
U.S Atomic Energy Commission, Wah Chang Corporation began operation of the 
US. Bureau of Mines, Zirconium Metal Sponge Pilot Plant. Construction of new 
fac1l1t1es at the ex1st1ng plant began in 1957. These facilities were built 
primarily for the production of zirconium and hafnium sponge. However, 
tantalum and niobium pilot facilities were later included. Melting and 
fabrication operat1ons were added starttng tn 1959. TWCA was establisnej in 
1967 after Teledyne Industries, Inc .. purchased Wah Chang Corporation of New 
York. 

9ecause of the many processes invol 1ed in t~e production of non;er.c~s 
metals and products. waste management programs at TWCA consist of a wide ran;e 
of activities. including: process wastewater treatnieni, solid waste 
management; hazardous waste .. nage!M!Tlt; PC8 equiptlM!nt 111anage111e1Jt: radioactive 
~terial control~ w&.1te •1ni•ization thrOU4}ft b@neffctal u!e: a"d air quAllty 
control pro9rams. Discharge of process wastewater is regulated by a National 
Pollutant Discharge Elimination System <NPDES> permit An Air Contaminant 
Discharge Permit regulates air emissions at the facility. Teledyne is 
currently classified as a h~rdous w.ste g~rato~ under the Resource 
Conservation and Recovery Act <RCRA> program 

The LRSP was constructed and placed into ~ration in 1967 to receive 
lime solids <sludge> frOlll TWCA's onsite wastewatar treatment plant, Schmidt 
Lake was constructed for the same purpose in 1974 Slueqe was pumped into the 
two ponds until Octobtr 1!79, when tne ta ... ponds to the north of tne facil•ty 
were put into operation. The farM ponds llfef'e or~~iQ&.lly p-.r-t of th15 operable 
unit, but because they are outside the flood plain .iA4 con-t-ain l~r levels of 
radioactivity-. they are not cons,dered an ,mmed,ate threat and are now being 
investigated as part of tile o~erall site Re111edtal Investigation <RI>_ The 
sludge in both the LRSP and Schmidt Lake contains heavy metals, a few organic 
compounds, and trace levels of some rad1onuclides. Tables 1-4 summarize the 
contaminants found 1n the sludge 

In 1978, TWCA modified the process for the production of zirconium and 
nafnium metal such tnat rad1oact1ve materials were directed into a separate 
solid wasta rai~+.aQ.....t."'9'!"-Cf'llor1nator re~ndue This residue is managed as a 
low specific activity radioactive waste and shipped to H«fTford, Washington. 
for disposal. Sludge generated since the 1mp1ementation of this modification 
has been stored in the farm ponds. 

Enforcement H1storv 

The slud9Q- ~have attracted tne attention of regulatory agencie; ar-d 
the publ 1c for many year;, particularly because of t~e ~re;en'a of lcu-g1 ~~: 
radioactive mater1•ls ~•ch we5 f1r~t conf1T"TTI!~ "Y ~ Of"eqoR St•te Health 
Divtslon tn 1977 ·rn March 1978. TWCA was granted a Radioactive Materials 
License to tr-aRSf~. reo.e.i~e. po~s-, and use z1aqp gnds and industrial 
byproducts containing licensable concentrations of rad1~~~tl~j m~ter1als 
me;.. took ;ampl:; from the pend-; ~n -.:.e.al •.:>:casion; in 1979 and Hao 
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!~ORGANIC CON~AMI~i..~TS :N L~S? sc~:Js 

Cet:ect:s/ 
Samcles Maximum Minimum a 

Averaqe b 
!'!acltarouncc 

Arsenic 40/40 39 2 10 ~. _ .. 
aarium 39/40 3,500 33 ::. 73 :.:; 

3eryll1~ 20/40 1.. 3 0.5 0. 'i ". -
C!1rorni wn 39/40 220 65 :oo 20 

Copper ..;c;~o 29 .;a 

~erc':lry 36/40 7.6 0.3 l. 2 <c.: 

N 1::1<e l 40/40 3 ,000 25 206 , . ... 
Lead 40/40 260 38 102 10 

A.n~l.l!lony 29/40 24 5 , , <20 

Selen1um 35/40 16 1 3 3 

Thon.um 40/40 H (8. 3) 11 I:, 2) 31. 7 (3 .5) .3. 3 

Uranium 40/40 129 (87.8) 12. 7 ~6.4) 69.2 (46.5) 0.3 

Zinc 40/40 87 24 40 3:. 

Cyaniae 28/40 i..65 .o 3.0 :6 (" 

::i.adium d 

(. ACCl.Vlt:y 40/40 ( 22. ::?) t 3. 2) ( u.:n :i 
Concen:rat:ion 2.:lcx:o- 5 3.J2x10-0 i.3-<lO-s __ :-.(_: 

Z.:.rc:::r:ium 
e 

40/40 10. 0 3.C - , (_ .J ::i. -

Not:e: All concent:rat:ions :.n :nq/~q o: a.s-receivea, wet: soli.c.s. 
Conceni:rat:ions :.n ?are"'l:.neses are in pC.:./q. 
Only const:it:uent:s :na: . .,.ere det:ect:<?ci in lO perce!1t or "\O!"e c: ::-.e 
samples are shown. 

a·ti"'l1mwn •Jalue det:ect:ea aoo·.·e ce:.ect:ion limi:.. 
0

Geomet:ric average. :up .• ca:es Jere averaged co c::::a1n one va:~e :~a: 
"'as cner: :.ncludea :.:-. ::-e c;ecmet::::.c average. ~le values :::e:o-. .::ei:ecc.cr 
:..:nit:s . ..,ere incl•.ided :.:- :.:"e .ldrage. 

c:rcm soil samples :a<e~ c:~i: :::: :ne ex::.sc.:.ng Far.n ?er.cs, uc:::::::er _?22. 
See RI reporc. 

d. ~ ~-.... s .adium- •• 6. 
e 
:irconiun i.s expressea as a per~en:. 



Arsea1c 

8ar1WI 

Beryl 11Ulll 

Cadll1W11 

ChromiUlll 

CQilper 

Mercury 

Nickel 

Lead 

.\Dt.!.:locy 

Sele!UWR 

ThoriWll 

Oran111111 

Z111c 

CyaiU.de 

Rad1umd 
Act.1v1ty 
Coccenuat.1011 

:'all le 2 
L'iORGANIC CONTAMINANTS IN SCHMIDT !..\K! SOLIDS 

Detects/ 
SUmles l!ax.111um 

10/10 36 

10/10 72 

10/10 l.l 

7/10 l.2 

10/10 13 

l0/10 72 

4/lO l. ~ 

10/lO 4,300 

10/10 lSO 

10/10 14 

i/10 4 

10/10 59.3 (7.SI 

10/10 237. 7 (160.91 

10/10 97 

4/10 110 

10/10 (26.41_5 
2.54xl0 

IUD 1mlllll a 

30.8 

104.6 

8 

36 

0.7 

O.l 

79 

34 

0.2 

l,700 

70 

8 

l 

(3.41 

(70.81 

so 
2.5 

(14.91 -s 
l.44u0 

Aver5eb 

16 

39 

0.8 

0.3 

90 

45 

o • .; 

2,600 

103 

9 

2 

46.3 (5.11 

162.6 (ll0.11 

67 

S.J 

&dt!i£oundc 

24 

l~6 

0.7 

<O. • 

20 

.. 
<O.; 

~~ 

!.O 

<20 

3 

3.S 

a.a 

39 

<2 

Z1rcon1Wlle 10/10 28.8 3.3 7.4 <l.O 

llot.e: All concent.rat1ocs Ul mq/kq of as-rec:e1ved, wet sollcis. 
Concentrations in ~arentbeses are 111 ~1./q. 
Only CJDStl.tuent.s tllat. were detect.ed _n ~O ;:ercent. or :nore of ~e ~.smples are 
sllown. 

4 M111a1.1111 value detected above detec-:.100 lu.i.t. 

bGeomeu1c average. ~pl1cates •e=e aver~~ed to obtain one 1al~e t:::at •as ':.~e~ .::l~ded 
111 t.be ;eomeu1c average. No 1a.ues ~e.ow detec:t.10~ .1:iut •ere -~eluded ln t:!:e ave~a~e. 

cFrom soU samples t.alten east of ':..'le Fa.::11 i'oods, October 1988. See iU re;io=-:.. 

dAs rad1U111 -226. 

eUrcoDiwa i.S expressed as a ;>er:ent. 

CVRl26/0Sl-2 
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T.!.elc J 
ORGANIC CONTAMINANTS IN LRSP SOLIDS 

Volaules 

Methylene chloride 

l,l,l,-Trichloroethane 

4-Methyl-2-pentanone 

l,l-Dichloroethane 

Tetracnloroethene 

Semi volatiles 

Hexachlorc=en:ene 

bis(2-ethyl-hexyl) 
phthalate 

Detects/ 
Samples MaxlJl1um 

36/40 22.000 

7/40 0.860 

23/40 1,400.000 

12/40 0.860 

i..3/40 0.970 

29/40 64.000 

5/40 l.700 

Note: All concentrations in mg/~g dry weight. 

Mini.mum 

0.006 

0.053 

0.040 

0.053 

O.C05 

0.740 

l.000 

a 
Average b 

0.084 

o.:ss 

3.929 

0.174 

o. :o4 

6.600 

l.295 

Only compounds that were detected in 10 percent or more of <:..'".e 
samples are shown. 

a~ini.mum value detected aDove detection limit. 
b 

Geometric average. Duplicates were averaged to obtain one value t.~at 
was then included in the geometric average. No values below detection 
limit were included in the average. 
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!'a.ole 4 
ORGANIC CONTAMINANTS IN SCHMIDT !.AXE SO~ZDS 

Volatiles 

Methylene chloride 

l,l,1,-Trichloroethane 

4-Methyl-2-pentanone 

l,l-Dichloroethane 

Tetrachloroethene 

Semi volatiles 

He.~achlorobenzene 

bis(2-ethyl-hexyl) 
phthalate 

N-Nit:oso-di-n
propylamine 

Detects/ 
S!;!!!!2les Maxll!lum 

lO/lO 0.090 

4/10 0.320 

3/10 54.000 

5/10 3.900 

.;:o 0.073 

10/10 25.333 

1/10 l.000 

2/10 0.590 

Note: All concentratio~s ln 'llq/<q dry weight. 

MJ.nJ..mum 

0.031 

0 .073 

24.000 

0 .170 

0.073 

7.300 

l.000 

0 .1'90 

a Averag:e:i 

0.046 

o.:6a 

3:. 1:,a 

i.0;4 

0.073 

14.087 

l.000 

0.048 

Only compounds tndt •ere detected in 10 ~ercent or more of the 
samples are snown. 

aMinlJllum value detected above detection limit. 
b 
Gecmetric average. Duplicdtes were averaged 
was then included in the geomet:1c average. 
limit were included 1n the average. 

to octain one value ~ha~ 
No values below detection 



: ,, 1 ~ s : I t ""I ~ ~: 1c ~;'"_I : : ;: I ~: : : : i'" = : : : : = : - : -? ; : "" I : ~' = ; _, : : -
),;;ing Counc1 I (£FSC> for a sire cer t1f1car; :) c.ose LRS? a:ij t::i s:o12 
.i;iprox1mately 120,000 cubic 1arus of 11me ;011:::; The nict. facilit; ,.;.; 
listed on the National Priorities List <NPL> in October 1983 After several 
years of hearings, court actions, and further sampling, EFSC ruled 1n 1987 
that the sludge was not subject to their jurisdiction, the levels of 
radioactivity being too low. TWCA then submitted a closure plan to the Or:gon 
State HealtH Divis1on, but EPA and other agencies recommended that closuie no: 
take place until after the conclus1on of the RI On May 4, 1987, THCA sig~ed 
a Consent Order agreeing to conduct the Remed1al Investigation/Feasibility 
Study CRI/FS> 

The TWCA facil1ty holds permits for water and air em1ss1ons. Ir 11as 
found in violation of wastewater discharge permits in 1975, 1977, and 1978, 
subsequent process changes reduced the toxicity of the fac1l 1ty's wastewater 
discharges TWC~ ~as assessed fines for other ~ater qual;ty permit viol?:.:n: 
in 1979. 1980. and 1989 Tne company was f1:ied fo1 1lle;al open bur·:-,10; • 
1983. In 1986, TWCA was cited for several v1olat1ons of the state's hazardous 
~aste management rules 



Contaminants Present 

The sludge' in the LRSP and Schmidt Lake was sampled and contail't! metal 
compounds produced by the various onsite processing units. including 
zirconium, hafniu111, chromium, mercury, nickel, uranium. and radium, cyanide 
has also been fQund. Of organic compounds detected, the most prevalent one is 
hexachlorobenzene. which is probably a byproduct of plant ope~at1ons <Tables 
1-4). 

TWCA's wastewater treatment system consists of a continuous cnemical 
precipitation and sedimentation system. Metals are treated by neutralization 
with lime. magnesium hydroxide, or sulfuric acid and carbon dioxide t~ a:~ 
range between 5 and 8 to form metal hydroxides ana sulfates vn.cn ~. 1, 

precipitate Fluorides are removed by the formation of calcium fluoride. 
These compounds are removed in a clarifier by settling. Lime sol ids, referred 
to as "sludge", generated from the operation of the clarifier are placed in 
sludge ponds for additional settling, dewatering and storage. 

Potential Routes of Migration 

The LRSP and Schmidt Lake are unlined t""30Und111ents constructed on native 
soils in the Willamette River flood plain; thus, flood1ng is one potential 
cause of contaainant migration. Because the ponds are unline·j, they c:iuld 
also be a source of groundwater contamination. Another possible route 1s 
dermal contact with the sludge by onsite workers or trespassers. A fourth 
potent1al route, dust, is a maJor concern because the dried sludge mate··ial 
can be spread by wind Some dust 1s created when the surface of Schmidt La~e 
dries during the summer. and more could be created by sludge treatment or 
removal activities Fortunately, most of the sludge contains a high 
percentage of water. which limits its migration as a dust 
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The followtng assessment 1s based on the data-generated and presented in 
the TWCA Operable Unit Remedial Investigation <OURI> report and deals only 
with the potential hazards associated with exposure to the sludges in the 
ponds. Any potential hazards associated with contaminated soils beneath or 
surrounding the sludges or with groundwater associated with the pond; w. 11 be 
evaluated as part of the overall site RI/FS A baseline risk assessment is a 
part of the overall RI/FS 

Ident1f1cation of Contaminants of Concern 

During the OURI, sludges in the LRSP and Schmidt Lake were found to 
contain inorganic e1emeni::», ori;iasuc compounds, and radionuc11oes i1 
estimating average concentrations, a value of one-half the ~erhoa aetection 
limit <MDL> was assumed for cases where no detectable contaminant quantities 
were found. Of all the chemicals measured in the sludges, the inorgcllli' 
elements, part.acularly zirconium. yere found in the highest concentrations. 

Thirty-four chemical substances were det~te9 and positively identified 
in the LRSP and Schmidt Lake sludges during the RI. In addition. several 
tentatively identified compounds were also detected Of the 34 positively 
identified chemicals, Z6 ar~ che~1cals of concern·~ncr potential contributors 
to public health risk 

For carcinogens. since there is no safe dose, an estimate of the 
likelihood of developing cancer is derived from the average daily dose over a 
lifetime multiplied by the potency factor for that particular chern1c3l T1e 
potency factor is the plausible upper bound estimate of the probability of a 
response per unit intake of a chemical over a 1 ifetime. EPA has developed a 
classification system CA-E> for chemicals which have been evaluated as 
potential carcinogens The system is based on a weight of evidence ;che~e. 
w1rn those chemicals being known human carcinogens considered as A carcinogen; 
and those for which there is no evidence of carcinogenicity in the E category 

For non-carcinogens. the a•1erage daily dose over the period of e~posure 
is comoared to a reference dose or other :ox1city constant A reference jcs= 
15 an est~mate <with a safety factor of 10 to 1000> of a da1l:1 e•POSJre l:?·e· 
for the human population that could occur w1 rhout prod~c1ng harmful nea. t~ 
effects. Non-carcinogenic effects include behavior changes. nervous s;stem 
disorders. birth defects. and damage to kidneys, blood. 11~er and lungs 

Carcinogens 

T~@'tY~~a81i u•lide> chemicals found 1n t~ ~sludges may caus~ 
cane&< '""'"'°•itme11!'f"-'-e"'~~., 1c. o::hromium. an~ n~~lio.Ql--cHc? knc"n ~o na '2 :r-:: 
potential for causing ~anc:r n humenc; "fht-n :nha·Je-tt ~nal:1se; ji:ne 5t -w:: 
1•e•e for total cnromium. ~11th t01e rype unspecified. 1n 01de1 to be rno12 
protective of public healtn. :his 1isk assessment 1:; based on chromium 1/I <tre 
most toxic form>. Eight chemicals are probable human carcinogens througn 
either ingestion or inhalation <G1cu~ Bl and one is a possible hum~n 
c a , c ; r": c ie n < Ci" ) i.; o C > P 0 t ~ 11 •> e n rnd t ;! ; ; n j EPA i: 1 as s 1 f ~ o. t i c n f ij 1 : - e : e 
c~emicais arie pr0,1ded 1n Tab•e 5 



TABLE 5 

CONTAMINANT 

TELEDYNE WAH CHANG 
OPERABLE UNIT NUMBER ONE 
HUMAN HEALTH RISK ASSESSMENT 

CANCER POTENCY 

ORAL INHALATION 
(mq/kq/d)" (-1) (mq/kq/d)" (-1) EPA 

CLASSIFICATION 
==--==--==============--=== -==========- ============= 

Arsenic 
Beryllium 
Sisethylhexylphthalate 
Cadmium 
Chromium VI 
Hexachlorobenzene 
Methylene chloride 
Nickel 
Tetrachloroethene 
Trichloroethene 
1,1 Dichloroethane 

l.SOE+OO 
4.SOE+OO 
l. 40E-02 

l. 67E+OO 
7.SOE-03 

S.lOE-02 
l.lOE-02 

' -L J 

1. SOE+Ol 
8.40E+OO 

6.lOE+OO 
4.lOE+OO 

l.40E-02 
8.40E-Ol 
3.30E-03 
l.30E-02 
9.lOE-02 

A 
82 
82 
Bl 

A 
82 
82 

A 
82 
B2 
c 
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The presence of uranium, thorium, and radium isotopes in the sludge; f.-:rl' 
Schmidt Lake and the LRSP presents the potential for radtatton Induced 
caneer. In the Teledyne Wah Chang Endangerment Assessment <part of the 
Operable Unit Feasibility Study>, the convnitted dose equivalent was converted 
into an estimate of cancer risk using conversion factors from the "Effects on 
Populations of Exposure to Low-Levels of Ionizing Rad1at1on" NAS, <1980>, 
ranging from 67 to 227 cancer deaths per million-man-rem These factors 
suggest that if one million individuals were each to receive one rem, then 67 
to 227 excess cancer deaths would be observed These conversion factor; ~?y 
be translated into estimates of individual cancer risk The individual c~ncer 
death risk is 6 7x10-4 per rem. Recent information 1nd1cates tnat tne 
maximum number of cancer deaths per million-man-rem should be 400 instead of 
227 The new number of 400 cancer deaths per million-man-rem was used in tne 
suoolementary assess~ent to ~st'mate ma~1mum cancer d?at~s fr~m rac' :~·(~ 
exposure. Radiation induced cancer is assumed to be fatal ana che~1c:. 1 ._; 
induced cancer may or may not be fatal. 

Non-Carcinogens 

For the non-carcinogens, antimony 1s likely to produce the most severe 
effect from the ingestion exposure route, barium from the inhalation route 
Zirconium, which occurs at the highest concentration, 1s not acutely toxic, 
but accumulates in the body and may produce chronic effects 

Exposure Assessment 

Under current and future operating conditions, if no cleanup actions are 
undertaken at the site, tne most 1 ikely exposures are for workers and 
trespassers coming into direct contact with the chemicals in the sludge In 
addition, if land use patterns change and the sludge site 1s opened to 
residential development, onsite residents may be exposed to contaminated 
sludges 

In order to estimate potential health risks from contact with the sludge. 
four exposure scenarios were evaluated in the risk assessment Two scenarios 
were used to describe operations continuing at the facil 1ty with no correct1~e 
action Under these two scenarios workers were assumed to come 1 nto dire(t 
contact with pond sludges for an average of 10 years and a maximum period of 
40 years For future risks, 1f tne sludge site should become residential. it 
vas assumed that the average resident would l 1ve on the site for 35 years anc 
would be in direct contact with the slucges for 22 to 365 days per year For 
tne highest residential exposure, it is assumed that an individual would :ie in 
direct contact with the pond sludges for his or her entire lifetime <75 year;> 
for 66 to 365 days per year 

E~posure estimates <ton.I ::lose over a l1fet1me for carcinogens and 0"'? 

the exposure period for non-carcincgens> for ingestion of contaminat~d sl•1d:;; 
and :k•n ab;crpt1on of chemi:al; 1ere ta;ed on a1erage ar.d .na.1mum 
cJncentrations of chemicals measured in pond sludges If the ponds d:y, - ~ 
sludges could be dispersed into the atmosphere by the wind or man's action, 
In order to complete the assessment for inhalation of chemicals, max•mum 
particulate concentrations •je.-e assumed to be equivalent to tt-e fecer~ 1 

par::c~late standard of 150 ug/cub1c meter <National Amo•ent Air Quai i:. 
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2~ ncur aver3ge> ~ parr1culate :on~entrat1cn of SO uglcu:1: ~Et~. . •... 
as an average exposure cond1t1on In add1t1on, contaminant concencrar.cr: 
were assumed to be the same 1n the airborne particulates as they are 1n the 
sludges, with particles being 100 percent resp1rable. 

Risk Characterization 

A summary of risk estimates for exposure to contaminated sludges is g11en 
in Table 6. As this 1s only a prel,~inary assessment for a portion of the 
HJCA facility, the summary risk estimates should not be viewed as a statemerit 
about health risks to residents 1n the vic~n1ty of the site. The risk 
estimates presented 1n this report are representative of long term exposure; 
to chemicals in the ponds <from 10 to 75 years> for average and maximum worst 
case scenarios Future residential development on the sludge site without 
cleanup of the contaminants 1n the ponds 1s clearly the maximum worst case 
scenario The purpose of evaluating this unlikely event 1s to provide EP~ ~r: 
tne publ 1c with suff1c1ent 1nformat1on to make a decision regarding the 
necessity for cleanup of toxic materials 1n thee£' ·~~nment. 

Another scenario which 1s viewed as a pot:f..«f/L- ,,a/ ·~ the 
movement of contaminants 1 nto the Wi 11 amette R." · A-t. 11fva... __1 , ,. /' 
due to flooding. The probab1 lity of a flood ( - "hn , ~tr 
estimated at a one in 500 year event. Due to · /:IJ(.l- i,, : dO 
likelihood, and difficulty in predicting how (;{;, · • · ~ ~/t 
such an event should occur. risk estimates w1 '#11.}>Uafr.t ~ 
exposure pathway However, one can assume t ~ 
provides a measure of what health effects w< ~ ;;..<AO /L 
contaminants should occur over a long perio CJ 0 

flooding should not exceed those which are (3 ~ f IJ, / 
exposure c_.... flJ~ #~t J 

~ ti/ eJ'-t..b 
u 0 10 --:J I c:. ,'J ttc.tL7hu.1.~ Cancer Risk Estimates 

The risk of developing cance·· ranges / ·~ 
m1ll1on to greater than one chance in om lcJc.uA:/ d 
length of exposure For ons 1 te workers. l"~ _ ~ 
cancer 1 s under maximum exposure conditions <40 yea. •• 
chromium VI. arsenic. and hexach lorobenzene are the major CO••. 
increased cancer risk The potential risk of developing canc~r for p~~~ 
may reside ons,itet in the future 1f no action 1s taken. ra11CJ9s from an 
add1 ti~• ca~ .. ,_~ et•t!' ht one thous-aM! tc ttw ... in one thousand for 

e 
iho 

ex posur~ over·:r 'Tl f"e"ttini?'." N 1 c'<e I , ch rom1 um VI • arsenic and he xach 1 orobenzene 
are also the maJor chemicals contriout1ng to the cancer risk for this scena~·o 

The ritl• :afii 9ut.Q,,J~om cancer due to exposure- m rad1onw:: I ides if no 
cleanup action- i~,tii'o' ece- eQu1valent to those from other chemicals, rangins 
from seveo 1n one milliOA to one in one thousand The greatest risk is for 
residents under maximum exposure conditions <75 years direct contact w1:h ccnJ 
sludges> 

Non-cancer Risk Estimates 

Under current or future ooerat1ng conditions. risks of health effect: 
ocher· than cancer are only e<pectei:J for the highest 11oner exposur"e <40:· ,e- -

Ii 



Based upon consideration for the requirements of CERCLA, the detailed 
analysis of the alternatives, and public comments, both the EPA and the state 
of Oregon have determined that Alter,..tive 7 <removal. solid1f1cat1on, alld 
offs1te disposal> is the most appropriate remedy for Operable Unit ~l at th~ 
TWCA site It has been selected because 1t consistently ranked among the best 
choices under al 1 the ranking criteria except cost It effectively reduces 
the likel 1hood of contact with the sludges and ensures that contaminants are 
not transported into groundwater, surface water or air Human health and 
environmental risks associated with the 1dent1f1ed routes of exposure will be 
eliminated or controlled by this remedial action 

Approximately 85.000 cubic yards of sludge w1l 1 be excavated from t~e 
LRS? and ~hnndt Lake The sludge wT'il be lllHff w•-th'-a s<>IHhf1ution agent 
such as Portland cement This will improve haodl1~ characteristics. reduce 
mob1 lity of contaminants. and increase the structural strength for landfill 1ng 
and capping. The mixture w111 then be transportad tG an off~1te permitted 
solid waste disposal site The mixture would be olaced 1n a separate monocell 
<adequately protected from coming into contact with other wastes> and capped 
in accordance with state and local disposal requirements, applicable permit 
conditions, and EPA approval The sludge mixture can be taken to a solid 
waste landfil 1 because 1t 1s not a RCRA hazardous waste. The monocel 1 must 
have a liner and a leacnate control system Thi; Interim Action, 1r.clud1ng 
the removal and relocation of the sludges. 1s scheduled to be completed w1•h1~ 
three years of the signing of the Consent Decree 

The sludge relocation removes all of the sludge materials from Schmidt 
Lake and the LRSP, both areas wn1ch could be impacted by a one in 500 year 
flood. The sludge material must go to a permitted solid waste disposal 
fac1 lity which by def1nit1on cannot be in a floodplain No location or 
facility 1s spec1f1ed by this ROD, but two fac1l1t1es were identified 1n the 
FS whicn meet the state requirements for a disposal fac111ty There are al iO 
out of state permitted landfill disposal fac1l1ties available 

The disposal faci 11ty must not coming le the TWCA waste sludge materials 
•,nth any other waste; i e., 1t must be a monof1ll This is to fac1l1tate 
comoliance w1 th an1 mon1tor1ng requirements that may differ from those for 
ocher ~astes A suitable cap must oe placed ~hicn prevents ;ludge exposure t~ 
peoole or the environment outside of the disposal unit The cap must aiso 
protec• people from the release of radon contained or created from 
contaminants 1n the sludge 

A trea4lilrnt ;tep 1s part of tliis remed;1 Prior to relocation 1n the 
permit:~ la.aaf1ll, @tie !•"~e~ will undergo partial treatment by using a 
solidific•tioa ._,,.a~.~i~~-Portland cement The ob)ect of this partial 
sol1dlf1cat1on treatment process •S to reouce the free water content o= t.,e 
;Judges. make the ilucges eas1e1 =~~and le ~::ng convent1ona; eauipmen~ ~1; 
reduce the mobility of contaminants by chem: cal and physical processes 
Although this treatment process will not make the sludges into r1g1d so 11d; 
it will improve the final handling c"'aracterist1cs and provide a level of 
treatment to the ;1udce mate1ial-; 'r.e FS ::entified ..:ns1te t""eatmenc ~: "-' -
of tne recommended alfernative 0ffs1~e treatment <e g . at the d1s~osal 
f-lcii1:y> may be cons1de1ed during ~he Je:qn phase. 1= EP; :an oe :1.s;Jre-:1 
~1i l; be performed 1 n ac·:o1 Jarice .1 tn ·:~RCLA and mee: r.;:(ARS 
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cancers 1n a population cf 1000 J t~out any future cortrol actions Cas;~~ ~; 
an extreme residential use scenario of tne actual sludge pond area> to 
acceptable risk levels of less than 1 excess cancer in a population of 
1 million by permanently removing the routes of exposure. Additional 
environmental risk assessment data is being developed during the overall site 
investigation. Because the existing sludge ponds are unlined, there is a 
future risk of contaminated groundwater being exposed to the environment 
Relocation of the sludges reduces this risk. 

Long term monitoring of the solidified wastes ls required and may be tie 
responsibility of the permitted landfill facility. Mon1tori~g and manageme,t 
of the facility are specified 1n the applicable permit and state laws EPA 
must approve the use of any disposal site prior to its accepting the TWCA 
sludge material. 

The estimated cost of the remedy is $10 7 million 
elements as presented in the FS are listed below. 

Sludge removal and hauling 
Solidification treatment process 
Offsite disposal 
Engineering design, bids. contingencies. etc. 

Total Costs 

The maJor cost 

$ 590,000 
1 ,586,000 
6,000,000 
2,540,000 

s 10,716,000 

The long-term O&M costs, including monitoring, are included as part of 
the offsite disposal cost. O&M and monitoring are the responsibility of the 
disposal facility. The cost estimates may change based on final engineering, 
design, disposal costs, etc. This decision does not specify the treatment 
process, disposal site or engineering designs These activities are parr of 
the design phase of this action which occurs during the ROD implementation 
process. 

Performance standards for the ROD include the ARARs for excavation, 
treatment, transportation, and disposal processes. Partial treatment of the 
sludge material is required to reduce the water content. to improve handl in~ 
characteristics, and to reduce contaminant mobility The degree of 
solidification will be determined during the design phase Special landfill 
cap requirements to prevent radiation release are necessary (4' of cover 
material plus 1' of clay> Long-term monitoring of any disposal site selec::j 
must be consistent with the state of Oregon's minimum requirements 
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Overview 

RESPONSIVENESS SUMMARY 

TELEDYNE WAH CHANG ALBANY 
OPERABLE UNIT #1 INTERIM ACTION 

The Teledyne Wah Chang Albany CTWCA> facility is located 1n Mil lerso~rg, 
Oregon <about 3 mi Jes north of Albany> in the Willamette Valley of western 
Oregon The TWCA Superfund site includes a 110 acre plant site property and 
the 115 acre facility known as the "farm site" The entire facility was 
placed on th.: Environmerital Protection .Age11cy's CEPA> National Pr·or1t.2s L -

(NPU 1n 1983 A Remedial Investigation and Feasibil 1ty Study CRI/FS> is 
underway for the entire facility This responsiveness summary addresses 
public comments made regarding a proposed Interim Action at the facility 

This Interim Action addresses cleanup of the Lower River Sol ids Pono 
CLRSP> and Schmidt Lake which are unlined surface impoundments that previously 
received process wastewater from the various operations at the site. 

The facility has been operating since 1956 when the Wah Chang Corporat;o1 
began operation of the U.S. Bureau of Mines Zirconium Metal Sponge ?ilot 
Plant. New facilities have been added at the site which now include the 
production of zirconium and hafnium-sponge from zircon sands. melting and 
fabrication operations and facilities for the production of other special 1tv 
metals Sol ids generated from the process ~astewater treatment system rave· 
been stored in a number of surface impoundments. including thevand Schmidt 
Lake prior to 1980. -

Since 1980 wastewater sludges have been stored in che farm ponds ~hic~ 
were originally part of this Interim Action. but will be addressed under the 
investigation of the entire facility The TWCA sludges have been the subject 
of several ballot initiatives. regulatory control processes, and environmen~al 
group attention since the early 1980's pr1mar1ly because of the smal I amounts 
of radioactive materials and the location of two of the ponds in the 
floodplain of the Willamette River In 1979. THCA modified their productio1 
process to significantly reduce the concentration of radioactive compounds 1n 
their wastewater sludges. 

In May 1987 TWCA signed an agreement CConsent Order> w1th EPA to 
investigate the nature and extent of the contamination problems at the 
facility and develop alternatives f:>r cleanup 11here necessary This ·1or:.:. 
cal led a Remedial Investigation and Feasibility Study and is currently 
under111ay. As part of th1 s Order. E?A and rnCA agreed to address the LRSP. 
Schmidt Lake. and Farm Pond sludge; prior to completion of the RI/FS for th; 
entire fac1 l1ty This action was due to concern over the sludges potentia! 
contribution to groundwater contamination. pub I 1c concern over the material;, 
and their location 1n the floodplain 
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TEX TIN CORPORATION 

TEXAS CITY, TEXAS 

INTRODUCTION 

This Site Summary Report for Tex Tin Corporation is one of a series of reports on mirung sites on 

the National Priorities List (NPL). The reports have been prepared to support EPA's mining program 
act1v1ties. In general, these reports summarize types of environmental damages and associated mmmg 

waste management practices at sites on (or proposed for) NPL as of February 11, 1991 (56 Federal 
Register 5598). Tlus summary report is based on information obtained from EPA files and reports 

and on a review by the EPA Region VI Remedial PrOJect Manager for the site, Ruth Izraeli. 

SITE OVERVIEW 

Tex Tin Corporation 1s an active secondary copper smelting facility that was originally operated by 

the U.S. Government during World War II as its primary un smeltmg operation. It was subsequently 
sold to private investors (Reference 3, page 2). Formerly known as Gulf Chemical and Metallurgical 

Company (GC&M), the Tex Tin site was added to the NPL in August 1990 (Reference 10). The site 
is mcluded on the NPL due to the presence of heavy metals such as arseruc, tin, lead, and mckel 

found m onsite surface water and ground water, and m ambient air sampled on and off the site 
(Reference 3). 

The Tex Tin facility is situated on approximately 175 acres located in an area of mixed land use. 

Commercial businesses, residential areas, and petrochemical complexes are all located within .25 mile 
of the site (see Figures 1 and 2) Swan Lake, a salme lake, is located approximately 2 miles from the 

site. This lake is used primarily for recreational fishmg and crabbing. A principal concern is the 
potential environmental contamination of surface waters through the transport of heavy metals into the 

Chicot Aquifer, and drainage of contaminated water into Galveston Bay (Reference 3, pages 6 and 7) 

The Tex Tin site has bli!en inspected on many occasions by representatives of the Texas Department of 
Water Resources (TDWR) and EPA, and was placed under an Enforcement Order in 1976 by TDWR 

for unauthorized water-discharge violations. The Order was referred to the Texas Attorney General's 
Office m 1978 (Reference 2). Some remedial activities have been undertaken at the facility, including 

deep-well 1DJect1on of the contents of an acid pond (Reference 3, page 2). 
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GUL.F CHEMICAL. a METALLURGICAL CO . 
T!XAS CITY P\.ANT • 
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WASTI WATrll OIH•AM 

FIGURE 2. GULF CHEMICAL AND METALLURGICAL COMPANY, TEXAS CITY 
PLANT 
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Tex Tin Corporation 

OPERATING IUSTORY 

The facility was initially operated by the U.S. Government as a tin smelter dunng World War Il 

(Reference 1, Cover Sheet). It was subsequently acqurred by the Associated Metals and Minerals 

Corporation from the Wah Chang Corporation in 1970, and became known as GC&M (Reference 2). 

Since 1985, the company has been known as the Tex Tin Corporation. At one time, the facihty was 

operated as an rron recovery facility (iron recovery from ferric chloride). It is currently engaged m 

the secondary smelting of copper (Reference 3, page 2). 

In 1977, Tex Tin was described as having three metals reclamanon circuits: nickel sulfate, ferric 

chloride, and tin. The nickel circuit was described as "nickel sludge is stored in drums in the north 

end of the smelter building. After smelting, 'waste sludge' is sold for other metal recovery. A small 

quantity removed during vessel cleaning 1S dumped with the slag from the tin process." The ferric 

chloride circuit was described as "GAF sells the company iron sludge contaminated with the herbicide 

Anuben. The material 1s stored in the two areas (not clearly designated in the references). Runoff 

would supposedly flow through the plant to the pond system. A small quantity removed from the 

settling-tank is disposed of in acid pond B." Finally, the tin ingots circuit was described as: "product 

is received in the following forms: ore sacks from Bolivia stored on pallets by Ponds A and B, tm 

residues in 55-gallon drums stored in ore storage butldmg, and tin ore piled along Highway 519. 

After pnmary smelting, nch slag is stored onsite. End slag is produced after the electrolyte process 

GC&M is planning to install a new rotary furnace for tin smelting. This new process will further 

remove tin from the end slag" (Refe~ence 4, pages 1 and 2). 

In 1979, it was reported that the nickel circuit had been "tom down" and that nickel sludges were no 

longer generated. Ferne chloride production had also decreased due to the loss of the principal 

buyer; causing GC&M to cease buying Amiben-contaminated iron sludge for use in this crrcuit. In 

addition, GC&M stopped disposing of the settling-tank sludge in the acid pond. It was also noted that 

a rotary furnace had been added to the tin circuit. As a result, "end slag now generated has an 

obsidian-like appearance. The material is dumped north of the acid pond. The company has hopes of 

reclaiming additional tin from the slag m the future" (Reference S, pages 1 and 2). 

Tex Tm is situated on approximately 175 ares that contain various active and inactive structures 

reflective of its past ana present industrial activities. Waste areas identified at the site have included 

wastewater treatment ponds, a gypsum slurry pond, an acid pond once containing ferric chloride and 

hydrochloric acid, several drained acid ponds, slag, sludge, and ore piles. One of the slag piles 1s 

contaminated with the herbicide Amiben (Reference 6, page 1). The facility also stored 

approximately 4,000 drums containing radioacnve material (Reference 3, page 2). At one time, the 

facility stored piles of spent catalyst in the anticipation of building a plant to extract metals such as 
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tungsten (Reference 7, page 3, Item 2). An inacnve, licensed, low·level rachoactive landfill, 
containing uranium/antimony slag, is also located ons1te. The slag is from a pilot study on the 
extraction of bismuth from a bismuth-uranium catalyst (Reference 7, page 3, Item 2). 

SITE CHARACTERIZATION 

Ground water, surface water, and soil sampling has detected various metals such as antimony, 
arsenic, barium, cadauum, chrollllum, copper, lead, manganese, mercury, nickel, silver, tin, and 

zinc. In addition, ambient-air samples collected offsite have detected concentrations of arsenic, 
cadmium, chromium, lead, nickel, and tin. The remnant acid ponds are considered a potential source 
of ground-water and surface-water contammauon. The pond is documented as being poorly 
constructed and maintained (Reference 1, page 2a). Contamination has also been attributed to the 

ons1te slag piles that are uncovered and have no containment or diversion systems (Reference 1, page 
4). 

"One other area of possible contamination, an abandoned oil-processing facility, has been identified 
on the Tex Tin property. The Morchem Resources facility was located on the northwestern portion of 
the site (then owned by GC&M) from 1982 to 1983. Morcbem processed Luwa bottoms (high 
boiling-pomt glycols with 1 % molybdenum) and waste oil from chemical and refining companies. 
The facility was abandoned in 1984 • (Reference 3, page 3). No other information is known about 

this facility. 

Ground Water 

The Aquifer of concern underlying the site is the Chicot Aquifer. The Aquifer extends from 60 feet 

to approximately 1,000 feet below the land surface. The flow of the Aquifer is generally in a 
southeasterly direction towards Galveston Bay. The Chicot Aquifer is underlain by the Evangehne 

Aquifer (Reference l, page 2b). 

Tex Tin monitored ground water in the vicinity of the acid pond from 1975 to 1980 (Reference 3, 
page 5) The monitoring wells were screened at 37 to 47 feet below the ground surface (Reference 1, 

page 2a) The contaminant concentrations detected were significantly higher in the samples taken 

from the two downgradient wells as compared to the samples taken from the upgradient well. A 
Preliminary Health Assessment prepared by the Texas Department of Health in 1989 concluded that 

the concentrations of 12 metals exceeded drinking-water standards and long-term health advisories 
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(Reference 3, page 5). The metals of concern detected in the ground-water samples and the 

concentration ranges are described in Table 1 (Reference 3, Table 1, page 4). 

TABLE 1. CONTAMINANTS IN GROUND WATER 

Contaminant Range of Concentrations (in ppm) 

Arsenic <0.02 - 0.198 

Ban um 1.9 - 6.5 

Cadmium 0.01 - 7 

Chromium 0.03 - 0.25 

Copper 0.08 - 390 

Lead 0.25 - 200 

Manganese 6.3 - 357 

Mercury <0.0002 - 0.011 

Nickel 0 02 - 7 

Silver 0.07 - 1.02 

Tin 0.018 - 100 

Zinc 0.11 - 140 

Surface Water 

Tex Tin obtained a National Pollutant Discharge Elunination System permit in March 1976 for the 

discharge of wastewater from the facility. However, it was believed by an EPA inspector (durmg a 

Prelinunary Site Investigation in February 1980) that the facility had been noncompliant with the 

issued penmt (Reference 6, Section XIV, page 10) Inspections by the Texas Water Quality Board 

concluded that dikes de3igned to prevent discharges from two old outfalls and the acid pond were 

seeping, allowing contaminated water to enter Wah Chang Ditch (Reference 4, page 1). The Wah 

Chang Ditch is currently pumped into the Texas City Industrial Channel, which enters Galveston Bay 

Twelve surface-water samples were collected from various locations at the facility between 1975 to 

1988. Constituents of concern and the concentration ranges are detailed in Table 2 (Reference 3, 

Table 1, page 4). 
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TABLE 2. CONTAMINANTS IN SURFACE WATER 

Contaminant Range of Concentrations (in ppm) 

Arsemc 0.05 - 0.94 

Chronuum <002-81 

Copper 0 03 - 60 

Mercury 0 00024 - 0.02 

Nickel 0.083 - 535 

Zinc 0 175 - 42.7 

Possible soil contamination is not well characterized In 1980, EPA conducted a Potential Hazardous 
Waste Site Inspection. At this time, it was the opinion of the investigator that it was •inevitable" that 
soil contamination was occurring after viewing the site. Piles of tin slag, iron ore, and crushed empty 
barrels were noted to be in abundance at the rear of the plant. A reddish material (possibly iron) was 

noted in a drainage ditch located close the area of the material piles (Reference 8, Section vm, page 
6-L). 

A smgle soil sample was collected by the Texas Department of Health's Bureau of Radiation Control 
near the low-level radioactive landfill in December 1984. Four metals were detected at significantly 

elevated concentrations; they are detailed in Table 3 (Reference 3, Table I, page 4). 

TABLE 3. CONT AMIN ANTS IN SOIL 

Contaminant Concentration (in ppm) 

Antimony 2,590 . 
Arsenic 720 

Copper 130 

Lead 980 
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Accordmg to the reference, the level of copper m the soil was not sufficiently elevated to represent a 
health concern. The reference further indicated that the concentrations of antmtony, arsenic, and lead 
did constitute a health concern. 

Ambient Air 

In January 1986, the Texas Water Commission contracted with the Texas Air Control Board to 
conduct air-quality morutoring of the Tex Tin site. The samples were obtained along the site 
peruneter using high-volume particulate samplers. The conclusion reached after the sampling was 
that heavy metals and arsenic were being carried offsite by the wind (Reference 6, page 7). The 
maximum values of the detected contaminants are provided in Table 4 (Reference 3, Table 2, page 5). 

TABLE 4. CONTAMINANTS IN AMBIENT AIR 

Contaminanm Maximum Value Detected (in p.g/m3
) 

Arsenic 2.34 

Cadmium 0.64 

Chromium 0.40 

Lead 4.42 

Nickel 0.21 

Tin 103.6 

Radioactivity 

Low levels of radioactivity have been detected onsite in association with the tin, copper, and antnnony 
slags and with the company roads that have been graded with tin slag. According to the Bureau of 
Radiation Control, the radiation levels are well below Federal occupational exposure limits, but are 
approaching the upper limits of the range of levels generally considered safe for the general public 
(Reference 3, page 8). 
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ENVIRONMENTAL DAMAGES AND RISKS 

In general, drinking water is supplied to the communities within the 3-mile radius of the site by the 

Galveston County Municipal System rather than by private wells. However, a drmkmg water-well 

survey conducted m 1985 identified a small beach house commuruty, located approximately 1 mile 

southwest of the Tex Tin facility, that uses private water wells. The community, consisting of 

approx1tnately 60 homes, 1s supplied by 25 wells. While most of the wells are more than 200 feet 

deep, at least three of the wells are less than 105 feet deep and are in the aquifer of concern 

(Reference 9, page 2). 

In early 1989, the Texas Department of Health undertook a Preliminary Health Assessment of the Tex 

Tin Corporation Site for the Agency for Toxic Substances and Disease Registry. The Department of 

Health found numerous physical hazards at the site, particularly due to the lack of adequate security, 

enclosure of the site, and inadequate contamment of industrial materials and treatment ponds 

(Reference 3, page 5). 

The report concluded that potential environmental exposure pathways include ground water, surface 

water, soil, and air contaminated with a variety of metals mcluding antimony, arsenic, barium, 

cadmium, chromium, copper, lead, manganese, mercury, ruckel, silver, tm, and zinc. Possible 

human routes of exposure were noted as ingestion, inhalation, and dermal contact with the 

contamuiated media. Inhalation and incidental ingestion of airborne particles of Tex Tm emissions or 

entramed dust also were cited as potential pathways of concern. However, more sampling is needed 

to assess the potential risks (Reference 3, page 12). 

REMEDIAL ACTIONS AND COSTS 

Due to the failure of Tex Tin to achieve compliance with recommendations made by the Texas Water 

Quality Board regarding ground-4.water and surface-water violations, the case was referred to the 

Texas Attorney General m 1978 for legal action A suit was filed on June 1, 1982, by the State of 

Texas (Reference 2), but was dismissed for want of prosecution on December 12, 1984 (Reference 

10, page l). 

The Tex Tin corporation has made several attempts at remediation including the construction of a 

deep well for injection of the contents of the acid pond, a major contributor of contamination at the 

facility (Reference 7, Item l, pages 1 and 2). Accordmg to the Preliminary Health Assessment, the 

contents of the acid pond were disposed of in the well over a 2-year period begmning in 1985 

(Reference 3, page 2). Also, the 4,000 drums containing radioactive material were removed from the 

site (Reference 3, page 2). 
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CURRENT STATUS 

According to EPA, a Remedial Invest1gation/Feasibihty Study was mitiated in the last week of 

November 1990. At this time, no Record of Decision has been issued, nor are estimated costs for 

remediation available. 
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-----------------------------· -----
£PA ~e31~n: _v_1 ______ ------- -------·-------- --------·---------------
Per-son( s) :., Cnarge of tl"le Fac111ty: Mr. Marold ~ewan (as of 193~1 ------ ___ ...._ ...... _ 

Nam! of Rev1ewer: 

General Oesc:r-1ption of the fac:1ltty: 

P.O. Box 2130 

------------·-------lezas City, TX 

Date: 3/6/87 

(For eza~ple landf1ll, sur-face 1mpoundment, ptle, containeri types of 
nazardous substancesi location of tne fac1l1ty; contaminat1on route of 
maJor concern; types of informat1on needed for r1t1ngi agency action, et 

The site 1s an active tin smelting operatt~n that was orfg1nally oce~!~e 

by the U.S. Gove!n~~nt durtng W.W. It. tt was the" sold to pr-1vate tnves 

ors.· The sit! is situated on approximately 128 acres with waste nandli., 

facilftfes that include ffve wast!water treatment ponds, Gypsum s 1 u~ry 

ponas, ocen and closed acid ponds, three fnactfve impoundments, slag oil 

and t~e 1naet1ve and permitted landfill cont1fn1n9 r1d101ct1ve was~!S. 

The groun~ater route ts the migration pathway of primary concer~. 

Spee1f1c1lly, three onsite monftor1ng wells that are associated wit~ t~e 
. 

closed ac1d pond are evaluated and scored. tnorgantc contaminat10~ nas 

been documented anj ts cnaractertzed by elevated levels of lead, mang!~-

Scores: S"' • 38_.41 (S
9

., •30.61 Ssw •'f.16 S1 • 58.8! 

SFE • N/A 

Soc • N/ A 

FIGURE l 
MRS COVER SHEET 

I 
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At:acme,,t A 

High levels of coooer and tin have been detected in groundwater 
samples taken from on-site monitoring wells which are screened at an 
1nterval of 37-47 ft. below the ground surface. (Ref 12. Ref lB} 
The concentrations detected are s19n1f1cantly n1gher 1n tne sampl~s :aken 
from the down-gradient wells (MW-2, MW-4) as compared to the samples ta~e~ 
from tl'le up-grad1ent well (~·l) (Ref. 10, Ref. OS). The monnor-1n9 wei1 
locations are shewn 1n Ref. 11. The contaminants can be directly Htr-l!:li.;:: 
to remnant acid ponds that have been documented as being poorly co~str-~c:e: 
and m~1ntai"ed ~Y fac1lity operators (Ref. 04). Although the fac1l1~y 
1s st111 act1ve, the company is exempt from RCRA regulat1ons due to t~e 
ore and mineral processing exclus1on set forth in 40 CFR Part 261 4(c}7. 
(Ref. 14). 



~\. 
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~~e ~=~stc~ District co~sists of all of Harris, Waller, a~d Fort 
Ben: Co~n~1es and parts of Galveston, Montgomery, Brazoria, Chambe~s. 
and L1be~ty Co~nties. Within the district. groundwater is ~rimarily 
drawn from geologic fonnations composed of sedimentary deposits of 
gravel, sand, silt and clay. The hydrolog1c units are· the Catahoula 
Sandstone and Fleming Formation of Miocene age; the Goliad Sand of 
Piiocene age; the Willis Sand, Bentley and Montgomery Formations, and 
Beaumont Clay of Pleistocene age; and alluvium of Quaternary age. (~ef 21) 
Because of their origin and method of deposition, the sand and clay beds 
grade into each other both laterally and vertically within short distances; 
conseQuently, differentiation of geologic formations based on dril~ers· 
or electric logs is almost imcossible (Ref. 22). 

In the area of tne site, water is predominantly drawn from the 
Chicot aQuifer. The Chicot aQuifer is composed of the Willis Sand, Bentley 
formation, Montgomery formation, Beaumont Clay, and any overlying Ouarternary 
alluvium. This aQuifer includes all overlying Ouarternary alluvium. This 
aQuifer includes~ all deposits from the land surface to the top of the 
Evangeline aQuifer. In the area of the site, the aQuifer can be separated 
into an uccer and lower unit. Where the upper unit of the Chicot aouifer 
is undifferent1ated, the areal extent of the upper unit roughly correspcnds 
to the areal extent of the Beaumont Clay. (Ref. 21). The Chicot ma1nta1r.s 
a thickness of approx. 1000 to 1100 ft in the area of the site. while tne 
Evangeline has about 3900 to 4000 ft. of thickness (Ref. 16). 

Throughout most of Galveston County and southeast Harris County, the 
base of the Chicot aauifer is formed by a massive sand section with high 
hydra~lic conductivity. This sand unit is ~nown locally as the Alta Loma 
Sand. The city of Galveston has an established well field drawing from 
the Alta Loma Sand. The Chicot aQuifer is underlain by the Evangeline 
aQuifer everywhere except where salt domes pierce it. The Evangeline 
aQuifer is underlain by the Burkeville confining layer. (Ref. 22) 

Water levels in Chicot wells nave risen 10 to 20 feet from 1975 until 
1980 Corresponding subsidence has been 4 to 5 feet from 1943 until 1978 
and 0.25 to 0.5 feet from 1973 until 1978 centered in surface subs1dence 
through near the site. No significant surface faulting occurs w1thin 
20 miles of the site. (Ref. 4). 

For the purposes of this HRS package, the aquifer of concern will 
be considered to be the upper unit of the Chicot AQuifer. In the ar~a 
of the site;this aquifer extends from the surface to a de~th of approx. 
100 ft. 



~//!. 

Mtthod vich h1&ht1c 1cort: 

N/A 

4 WAST! CMA.RACT!RISTlCS 

Coa~ownd(1) evaluated: 
Copper • 18 
Lead • 18 
He,.cury • 18 

Ref. 5 

Coa~ound wich hi1he1c score: 
Tne above contaminants we,.e detected 1n samples taken f,.om the acid pond 
on June l. 19S'. (Ref. 01. Ref. 05) 
11RS Value '" lE 

M111rdou1 W11ce Ouancicv 

Tocal qua~cic7 of haaardou• 1ub1cance1 at ch• fac1licv, eaclud1n& chose 
vich a concaiaaerai score of 0 CC1v• a re11onabl1 esciaace even if 
quancicy ia above .. •18'111): 
An estimated 19 million gallon surface impoundment that has no 11ner and has 
visible seepage from d1kes. Mon1tor wells have documented a release of 
contaminants.to the shallow aquifer below the site. (Ref. 10). In addition. 
three slag piles are located w1thin the site boundaries with a total 
estimated wastt volume of 13,636.74 cubic yards. These piles have no cover 
or containment/diversion system. (Ref. 19, Ref. ZO) HRS Value •8.(Ref l) 

la1i1 of 11ciaacin1 and/or co•puc1n1 vaace quancicy: 

•See Attachment c• 

• • • 
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Rererence 2 

Excerpts From Facility Management Plan; 

EPA; Undated 



ht:-ocucti~n 

~u:: :~e~~cal and '1etallur1ical 
TX ~2354 

On April W, 19~4, "ts. !<'°'3ren F'nebus, Texas ~partrient ~f W~ter 1.eso•Jr::=es 
(~) Distri:t 7 offi=e, ~ade an inspe:tion of the Gulf Chenical ann 
'1etallurg1cal (~) facility i~ Texas :ity. Also 9resent at ~~e i~sPeC~:o~ 
was Ms. Pat :'otenot, 7.X'f'R :>istnct 7, ~nd '1r.!iarold ~e'tot'Man with GC"-1. ~e 
inspection consisted of an interview with ~r. Newman, file review, site 
surveillance, and sariplinq activities. 

Sac:1<9round 

The site consists of 128 acres, whicn was originally started as a tin 
sinelter by the u. s. government during World War II. Gc-1 bought t.'"le 
facility in 1970 from the Wah Chanq Corporation. Waste handling facilities 
include five wastewater treatment ponds, gyps1.111 slurry ponds, acid pond, 
closed acid ponds, three inactive impoundments, amiben contaminated iron 
sludge, slag piles, 20,000 drur:is of spent catalyst, and a landfill contain
ing radioactive waste. On August l~, 1978, t.~e TtJtlR referred GCM to t~e 
Texas Aetorney General's office for surface and ground water pollution 
offenses. On June l, 1982, a petition and application for tertpOrary 
injunction were filed against ~ for violations relating to their waste
water permit. The ~ has documented -;round water contamination fror1 t..'"'e 
acid pone. Leaks in the acid pond have also been documented by saripling 
liquid coming from the pond's dikes. Contaminated runoff from the slag 
~ales; closed impoundments and drtm storage area have also been docurtent~. 
Drums in the drum storo19e area are badly corroded llnd leaking. 

Reccmnendation 

'niouqh GO! considers their waste piles and drum storage area to contain 
potential rtN material, the :"laterial is presenting an unknown threat to :'-e 
environmmt •. Further, the ac:id pond is contaminating ground water as 'Nel: 
as surface runoff. The dikes of the acid pond are unstable and in poor 
condition. For these reasons, a high level of seriousness is assiqned o;~ 
this site. A ranking package will be developed to detemine if this si:e 
can be included on the National Priorities t.ist for remedial action ~der 
Super fund. 
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Tex Tin Corporation Mining Waste NPL Site Summary Report 

Reference 3 

Excerpts From Preliminary Health Assessment, 

Tex Tin Corporation; Texas Department or Health; Undated 
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PR.ELIMINAltY HEALTH ASS!SSKENT 

Tex Tin Corporac1on 

CER.Cl.IS No. TXD062ll3329 

Texaa City, Texaa 

Prepared by the Texaa Departunc of Heal ch 

Pi-eparecl for: 

Dividcm of Health UHH•DC U1d Comultacicm 
the Agency for Tozic Sub•~•• and Disea.• Registry 

U.S. Public Health Service 



SUMMARY 

!he Tex T1n Corporat1on fac1l1ty, formerly Cl.ll.f Chemical and Metallurgical 
Corporation, is a proposed National Priorities List site located in Texas 
City, Galveston County, Texas. Tex Tin previously operated as a primary 
tin smelter, but currently operates as a copper smelter. S1gnificant 
concentrations of metals (antimony, arsenic, bariwa, cadmium, chromium, 
copper, lead, manganese, mercury, nickel, silver, tin, and zinc) have been 
detected on·site in surface water, groundwater, and soil. Significant 
concentrations of metals (arsenic, cadmium, chromium, lead, nickel, and 
tin) have also been detected in ambient air samples collected off-site. 
Some re .. diation activities have occurred on-site including the closure of 
a 19-million-gallon ferric chloride pond and the removal of approximate~y 
4,000 druat containing radioactive 11&terial. The Tex Tin sit• poses a 

, potential public health concern for on·•ite workers, residents living in 
nearby neigbborboods, and possibly for a liaited lNllber of residents on 
private wells located within approximately one ail• of the site. 

The Tex Tin Corporation, formerly the Gulf Cbeaical and Metallurgical 
Corporation, was proposed for inclusion on the National Priorities Lise ln 
June 1981. Th• l28·acre site is located at the intersection of State 
Highway 146 and Fam to Market Road 519 in Teua City, G&lvestOft County, 
Texas. Tea Tin prrri.oualy operacsd u a tin SMltar, but currently 
operates as a copper ... leer. Th• material• ..naged at th• sit• are 
priurily iaorpDic &Dd lliaeral in nacw:e ad also iDcl\&da low- level 
radioactive material. 

Induacrial vute ar ... that bav. bun ideiatifiecS on·sice induda five 
wastewater treatlle1lt ponda, slag and ore piles, and several inactive acid 
ponds. AD inactive, licensed, lov·level radioactive landfill, which 
contaiDs ur&DiUll/&Dtiaony slag, is located on the southwest portion of che 
sita. Prrri.ou.s 1ite inspectiona bad identified three primary areas of 
concern: · a 19 million gallon ferric chloride pond, a storage area which 
held anrodaately 4,000 druiu containing radioactift material. and the 
slag and ore piles. The original contents of the acid pond were disposed 
of in a permitted vaste disposal well located onsite over a cvo·year 
period begimU.q in 1985 (l). The druiu chat contained radioactive 
11&teri&l brle also been re!IOV9d f~ the alee (2). The slag and ore 
pile1, which haw no c:over or c:ontail!MnC/diftnion 1y1t .. , r ... in 
onaite. One of the alag piles ls contaain&tecl vich the herblcide Am1ben 

Numerous metal•, including antimony. arsenlc, bariua, cadmiua, chromium. 
copper, lead, mangane1e, mercury, nickel, silver, tin, and zinc: have been 
detected at elevated levels onsit• in groundvacer. surface water, and so~l 
S&lllll••· Ambient air sampling ~as detected signific&Dt concentrations of 
arsenic, cadlliua, chroaiua, lead, nickel, and tin offaite. 



One ocher area of possible contamination, an abandoned oil-processing 
facility, has been identified on the Tex Tin property. The Morchem 
Resources facility was located on che northve•tern portion of che sice 
(Chen owned by Gulf Chemical and Metallurgical) from 1982 to 1983. 
~orchea processed Ll.lva bottomt (high boiling-point glycol• with l' 
molybdenum) and waste oil from chemical and refining companies. The 
facility wu abandoned in 1984 (4). No information vu available 
concerning che extant of closure activities or the curi-ent status of the 
site. 

ENVIlORMENTAL CONTAMINATIOR AND PHYSICAL HAZARDS 

Limited soil, surface water, and grouncbracar Hmpling raaulta vara 
available for review. The •ample• collected at the Tes Tin •it• vere 

' t}'l»ically analyzed for Htal content only, althougb radioactive content 
wu uuurad in Hlected •ample•. An analysis for organic contaainants 
was apparently not conducted for cha samples. Ho quality 
auurance/qualicy control information vu available for ars.y of the 
S&lllp ling, 

!able l swmaarizas the contaainant• of concern decacted onsita, che media 
in which they vere found, and a range of concentrations for each 
contaainant. 

~\ 
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TABLE l 
ON·SIT£ CONTAMINANTS 

CONTAKI~ RANCE OF CONCENTRATIONS 
in ppm 

···········-··················-·-····-········-······--·--··· 
Soil 

Surf ace \later 

Groundwater 

Antimony 
Arsenic 
Copper 
Lead 

Arsenic 
Chromium 
Copper 
Mercury 
Nickel 
Zinc 

Arsenic 
Barium 
C&daiua 
Chromium 
Copper 
Laad 
Mepzte•• 
Mucuzy 
Hickel 
SU val' 
Tin 
Zinc 

2,590 * 
720 * 
130 * 
980 * 

o.os . 0.94 
<0.02 • 81 
0.03 • 60 

0.00024 • 0.02 
0.083 • 535 
0.175 • 42.7 

<0.02 • 0.198 
1.9 • 6.5 

0.01 • 7 
0.03 • 0.25 
0.08 • 390 
0.25 • 200 
6.3 • 357 

<0.0002 • 0.011 
0.02 • 7 
0.07 • 1.02 

0.018 • 100 
0.11 • 140 

--------···············-·····-··------·--····----------------* one Hmple analyzed 

The single •oil sample which va. avail~le for review va. collected in 
Decellber 1984 by the Tesaa Depara.enc of Health Bureau of 1Lad.1ation 
Control 1n the vicin1ty of the low-level radioactive landfill (5). Four 
met&ls were datecced ac aignificancly elevaced coac:entrationa including 
antlllony, &rHDic, copper, and lead. Aldlougtl the 130 ppa of copper 
detected in the 1011 i• significantly elevaced over ~ical background 
concentraciona of copper, it 11 not 1ufficieatly elevaced to cha polnt 1 

• 

would reprHent a bealch ccmcenl. the concentratloaa of antimouy, 
arsenic, and lead. were aufflci•ncly elevacati co raue potential healc.h 
conceraa. The alevaca4 copper concentratin, hoviilftr, i• one more 
indicaticm of a poHible 1011 contaaiaatioa probl•. 

The analytical reaul~ of 12 s~fac• vater sample• collected froa 1975 :J 
1988 froa varioua locaCl.Ofta on the T•K Tin prop•~ var• reviewed (5. : 
and 7). Arsenic, chroaium, copper, 111&rcury, nickel, and zinc van 
detected at elevated concentrations in so .. of cbe sample&. Inform.at~w~ 
on c.he sampling protocols used for sa11pl• collect101l, preparation, or 

• '• .. t:._ -ri••:ov 
" 



The groundwater samples reviewed were collected from three on-site 
monitoring wells from 1975 to 1980 (6). So recent groundwater monitori~g 
data were available for review. Results of the 1975-1980 groundwater 
sample analyses indicate that concentrations of 12 metals were 
significantly elevated, exceeding drinking water standards and long·ter~ 
health advisories. The metals of concern detected in the groundwater 
samples are arsenic, barium, cadmium, chromium, copper, lead, manganese. 
mercury, nickel, silver, tin, and zinc. The monitoring wells are screenec 
at 37-45 feet with the two wells located on the southern half of the si:e 
showing higher levels of contamination than the one well located on the 
northern portion of th• sice. 

Ambient air samples collected around the perimeter of the Tex Tin facility 
in 1986 detected several metals at levels of concern. Samples were 
collected for an eight-hour period. Table 2 lisca the contaainant and the 
maximua concentration detected. 

CONTAMINANT 

Arsenic 
Cadaiua 
Chroaiua 
Lead 
Nical 
Tin 

TABLE 2 
OFF·SITI All. CONl'AKINABTS 

!WW1m1 VALOE
3

DETECTED 
(ug/a ) 

2.34 
0.6• 
O.t.O 
4.42 
0.21 

103.6 

No off.sic• samples ware available for soil, grcnmdvacer, or surface 
water. 

Nwaercn&S physical hazards vere evident on the site. the large acid pond 
which had prrrlcn&Sly been draiud is currently filled vi.th 3·6 fHt of 
wacer concribuced froa infiltration and precipitaticnr. Ocher hazards 
include th• vastevatar treaClent ponds, 1laa and or• piles, and other 
hazards which are ~ically associated vitb an actiw induatrial site such 
as heavy machinery, discarded pipe, acc. th••• utarial1, along with the 
lov·l•vel radioactive landfill, vould poM a ba&arcl to children playing on 
the site. Although the entire sit• is currently fenced, portions of the 
fence are in disrepair and access co the site ii still possible through 
breaches in th• fence. 



POTENTIAL E!NIRONMENTAL AND HtJMAN EXPOSURE PATINAYS 

Potential enviroN11ental pathways include contaminated groundwater, sur:ace 
water, soil, and air. Potential hWll&D exposure pathways include 
~ngestion, inhalation, and dermAl contact with contazainated groundwater. 
surface water, and soils. Inhalation and incidental ingestion of airbor~e 
particles from plant emissions or entrained dust are also potential 
pathways of concern. 

OEKOCIW'HICS 

Land u.se in th• vicinity of the Tex Tin facility la mixed, with co111119rcial 
business••· residential areas, and petrochaaical complexes all located 

. vi.thin & quarter mile of the site. The nearest rHidential community, 
vi.th several hundred ho .. a, is located aP11rosi&&tely & q\larter of a mile 
northvHt of Tes Tin, within th• city liaita of Tesu City. Other homes 
are scattered to the vest and eaat, some also vithia a quarter of a mile 
The majority of the City of La Marque and Tesu City, aa well aa the 
western section of Hitchcock and all of l&you Vista, lie within & 
three-mile radius of Tes Tin. Population eati&&t•• vere not available fo: 
the area included in the thrH·mil• radiua. According co 1986 U.S. Census 
estilllates, however, the total population of these four cities ls estimated 
to be 65, 300 (I). Several unincorporated areu also lie within th• 
three-mile radiua. Drinking water for eacb of tbe citi .. ia supplied by 
the Galveston Councy Mullicipal Syat... The reault of a U.S. Enviromaental 
Protection Agency CUA) drinking water vell tun9Y ccmducted 1D l98S 
identified a nall, uzmlMd beach c~ty chat ua .. private wells 
approxi&&tely ona mile acnach of the site (6). The commnlcy, which 
consists of 60 holla9, relies on 25 private vella for drinking water. 
Three of me 25 nlla are screenad between 84·104 feet, within the aquifer 
of conr:ern. 

Svm Lake, a saline lake, 1• tho nearHt surface water body ua•d for 
recreational activities. Th• lake la located approdaacely two miles 
south ... c of the site and 11 uaGd primarily for recreational f ishlng and 
crabbing. co ... rclal fishing and recreational actiYitiea also c.k9 place 
in Galveston lay, vbic:h is located approsiacely three a.ilea southeaat of 
the Tes Tin site. 

Tes tin i• m active coPller 1Mlting facility that currently employs 80 
people. The petrocheaical industry, in geD9ral, i• a major employer in 
the Texu City-La Marque area. 



EVALUATION AND DISCUSSION 

The prlmary environmental pathway of concern is groundwater. The aqulfer 
of concern underlying the site is the upper unit of the Chicot which 
extends from approxim&cely SO feet below the land surface co approximately 
900 feet below che land surface. The flow of water is generally in a 
soucheascerly direction cowards Galveston Bay. The three groundwater 
monitoring wells located onsite are screened at 37.47 feet and have all 
shown evidence of contamination with metals. The two monitoring wells on 
cha southern half of the site have shown significantly higher levels of 
contamination than the one well located on the northern half of the site 
One investigation report concluded that the groundwater contamination 
detected could be attributed directly co the remnant acid ponds located ac 
the site. Reportedly, these ponct. vere poorly coa.tructed and 
maintained (6). 

The majority of residents living in the vicinity of the Tex Tin facility 
are on municipal systems vhich do not drav water froa the aquifer of 
concern. Residents in the umiaed beach comlmlity located approximately 
one mile south of the site rely on 25 private wells for drinking water. 
The majority of th• wells in the beach co~ty are scrHned in che 
Chicot at depths of approximately 200 feet. Three wells. however, are 

,screened in the upper unit of the Chicot at deptha batvean 84-104 feet. 
No groundwater sample• from th••• vella were available for review. 
Concentrati0ft8 of 11ecals vhich significantly exceed drinking vatar 
standards and long•tera health advisoriea were detected in on-site 
monitoring wells. 'nleH ucals inclua ars&tlic, bariua. cadaiua, 
chroaiwa, copper, lead, manganese. 11ercury. silftr, and zinc. 'nle 
concentraticnw of th••• .. cal• found 1n the monitoring vella. if present 
in poe&ble water suppliH, could poH a threat to hUllUl health. Surface 
water samples collected onaite since 1975 also revealed high levels of 
several metals including arsenic, chromiua, copper, mercury, nickel, and 
zinc. The elevated metal concenttations could potentially impact 
down.scream surface wacer bodies uaed for recreation and fishing. The 
surface water drainage pathway froa the alee bypu ... Svan Lake. but 
eventually emptiu inco C:alwaccm lay. ConcaiMDU 1n surface water 
could also infiltrace 1114 concaainace the shallow groaadvacer at the site 

Possible soil concaaiuti01l vu not well characcerized either omit• or 
offsita. The ona soil • ..,1. collected on·aice which vu analyzed 
detected aufficiene coiicencrations of ant18Dny. arsenic. copper. and lead 
to raia• coac•~ about cha potential for leaching of the metal• into 
groundvacer,·concributiou to surface :=·off c011caaination. re-enttained 
duat blowing off·propercy, and direct huun conuct vith the soil.a. 

Ambient air monitoring conducted in 1986 dececced bigb levels of .. tals in 
th• samples. The valu.a listed in Table 2 indicate th&c the potential 
exist• for exceaaiw p~iculate eaiuions fr• the Tea Tin property. No 
ambient air llOnitoring baa been condw:ced to dace in ruidential areas, 
ch• nearest of which i• approJtiaately a quarcer ail• no~ac of the Tex 
Tin site. 

.7. 
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I.ow levels of radioactivity have been detected onsite in association ~i:h 
the tin, copper, and antimony slags and with the company road.a which have 
been graded with tin slag. The Texas Depart:ment of Health Bureau of 
Radiation Control (BRC) has instituted a radiation monitoring program at 
the Tex Tin site (2). Initial reports from monitoring conducted during 
the first qua.rter of 1989 indicate elevated radiation levels are present 
ac the site. The radiation levels, according to BRC staff, are well below 
federal occupatioral exposure limits, but are approaching the upper limits 
of the range of levels generally considered safe for the general public 
The BRC currently has no plans to recoaaa.nd imlediate removal of the 
radioactive material (primarily the tin and antimony slag), due to che 
apparent lack of consistent exposure opporauiiti•s by the general public 
The BRC has scressed, hovev•r, the need for eventual rellOVal. Since the 
radioactive material is intimately associated vich the cheaical 
conta.min.tion ac the sice, the BRC has also stressed that any remedial 
activities ac the site should include contingencies for dealing vitb the 
mixed wasce. Th• BR.C plaru to continua a monitoring progr .. at the Tex 
Tin facility (3). (Th• llC monitoring results vere not available for 
reviev at th• tiJu of chi• report. Inforucion ccmceming th• reaulca was 
supplied by IRC staff. Th• monitoring data vill be fumisbed co the 
preparers of chis report at a later da.te.J 

Tin and copper slag piles are located in th• open on tbe Tez Tin property, 
without cover or a concaimaent/diversion systea. 'lbe•• alag piles, in 
'addition to being a source of radiatlotl, may alao be aajor contributors co 
the surface vater, soil, and atmospheric contaalnatioa previously 
detected. The area previously u.ed for drull storage and the copper 
sulfate piles are alao probable contributors to the contaalnatlon. 

The potential effects of exposure co any of the l3 11ecala decectad at t~e 
Tex Tin facility would dep•nd Oft a variety of factors such u the rouce of 
exposure (inhalation, ingestion, skin abaorption), cha concentration of 
the metal (doH), ancl the toxicity of the •tal. 'nle toz1city of the 
metal .. y be daterainad by the cheai.cal. form of cha •cal (organic, 
inorganic, valence stace) &Zld the route of ezpoaure. 

Four of the •tau an of p&fticul.u concern bec:auae they bft9 been listed 
by ch• EPA u known or probable huallll c:arcinogeu. Arsenic end certain 
foru of chroaiua and nickal haw been clualfied by EPA u Group A, known 
hUllWl carcinogens. Cadalua bu been deaipaced u a Group 11, probable 
h\Jll&D carcinogn by die iabalacloa route of upoaur•. 

Arsenic v .. datectecl ac elevated concencrac1ona in the aoil, aurface 
water, and gtO\IDdlracer •&8plea collected onaite and in the ambient air 
sample• colleeeacl at the perf.meter of the site. Exposure to arsenic has 
been aaaoci&tecl vlda m incruae in lung cancer by the inhalation •sposure 
route and also m lncreue in cha incidence of sldD cancer by the 
ingeacion eJCPQsure rouu. Should pe09le on or offalte be •S,O••d to th• 
maxilNll levels of araanlc dacacced ln the eavirommstal media at th• Tex 
Tin al ta, they would be ac a increaaed risk of lung and aldD C&11Car ( 9 . 
10). 
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In addition, a number of non-cancer effects may result from arsenic 
exposure. The principal acute effect of arsenic ingestion is irritation 
of the gastrointestinal tract which may cause pain, nausea, vomiting, and 
diarrhea. Long-term ingestion may also affect the liver, kidney, 
cardiovascular system, skin, and nervous system. Inhalation of inorganic 
arsenic dusts or aerosols may cause irritation of the respiratory tract, 
as well as symptoms similar co those following ingestion. Finally, dermal 
contact with arsenic-containing compounds may also result in skin 
Lrritation (9). 

I 
Civen the limited environmental sampling data, ic is difficult co assess 
the non-cancer health risks·posed by arsenic either on or offsite. In a 
wors~-case exposure scenario, in which a person is exposed to the maxi.mum 
concentrations of arsenic found in the air, soil, groundwater, and surface 
water, adverse health effects may be expected, particularly in children. 
In a more reasonable exposure scenario based on cha available daca, 
however, the adverse effects would be unlikely given chat ch• heavily 
conc.ainated groundwater found at the site la reportedly not used as a 
drinking water source. Additional envirot111ental sampling data is needed, 
especially off·sit• data, before the potential health risks may be more 
a~curataly assessed. 

'Elevated levels of chroaiua vere found in groundirater, surface water, and 
ambiant air samples. The chrH major valance state• (foma) of cbroaiwa 
differ in toxidcy vi.th the haxavalant [dlroaiua (VI)) fora generally 
considered to be llOSC toxic. Trivalent cbroaiua (chroaim (III)) is 
believed to be an HHntial nutrint in ..U.l quantitiH, 'but large doses 
may result in &dverH effecta. Metallic chroaiua [cbroaiua (0)) has not 
bean vall characterized in caraa of hUllaD exposure or pocential health 
effects (ll). 

Long-term exposure of induatrial workers to chroaiua compound.a has been 
associated vi th increased lung cancer. Chroaiua (VI) vu implicated 
through epideaiologic stwliea and laboratory scudiu u the fom of 
chroaiua which ia moac likely responaible for incre&Hd lung cancer. The 
available sampling data for Ta Tin dou not identify cha fora(•) of 
chroaiua detected iD cba eari.rormental •di& (11). 

Inhalation ezpoaun to bigb levela of chroaiua compounde, particularly 
cbroaiua (VI), may also result in &dverH effacta on cha nual mucosa 
(includ.lng irrication and in Hvera casu perforation of the nual 
septum), kidney, liver, nervou. systaa, and 1- syataa. Demal 
expoaun ..; lead to skiD irritation and Hmitiz&ticm to chroaiua. Based 
on the available data, the ccmcantraciona of chroalua datect&d in cha 
environmental media at Tex Tin would not be expected to produce cha 
non-cancer affects (10, 11). 

Nickel vu detected in surface vater, groundwater, and ambient air samples 
at elevatecl levela. Certain nickel capounda, p&nicularly nickel 
subsulfide, have been associated vich an incr ... ed riak of lung cancer t~ 
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nickel refinery dust workers. Occupational exposure to n1ckel metal has 
not been associated with an increase in cancer. In animal studies, 
however, n1ckel metal and other nickel CO!Dl>Ounds have produced tumors ~~ 
general, all nickel-conta1ning compounds should be considered potentially 
carcinogen1c (12). 

!he most prevalent non-cancer effect following nickel exposure ln humans 
is contact dermatitis. Inhalation exposure may produce an allergic 
asthma. Researchers have estimated that 2.5 to 5.0 percent of the general 
population may be senaicive co nickel (12). Once sensitized, even m~n1mal 
exposure may result in an allergic reaction. Anillal studies have also 
indicated that nickel exposure may adversely affect the i.mmune system 
(incre&9ed suaceptibility to pulmonary infectioa.), kidney, reproductive 
systea, and the he .. tological and he11&topoietic syst888 (10, 12). 

Elevated concentrations of cadmiwa were detected in groundvater and air 
samples. EPA cla.sifie• cadmiwa as a probable hwaan carcinogen by the 
inhalation route of exposure. An increue in lung cancer haa bHn 
associated vith cadlai\111 exposures in boch occupational and aniaal 
studies. 'n\ere i• cunently insufficient data to conaider cadaium co be 
carcinogenic by the oral route of exposure (13). 

' In excreaely high doses, cadlliwa 11ay cauae gastroint .. tinal irritation and 
irritation of the rHpiratory trace. Exposure to the 11ASi•• 
concentration of cadlliwa ct.cected in cha grouzidwatar sample• collected at 
the tax tin sit• could result in g .. trointeatiaal irritation. The levels 
of cadlai\111 detected in the ambient air samples collected at the perimeter 
of th• facilicy vould not be expected to produce respiratory irritation 
In animal studi••· sbort•tera expos\ll'ea to high level• of cadaiua have 
also resulted in injury co the liver and testes (10, 13). 

Long·tera expoaurH to lover doH• of cadlliua have re.Weed in effects on 
the kidneys, such aa kidnay stone for..tion, and respiratory effects 
including emphyaeu. An1ul scudiH baV9 incU.caced that lov·do•• exposure 
to cadaiWI owr an extendad pedocS of time .., also C&UI• hyperteasion and 
effects on the 1-m9 syatea, nenoua syacaa, and reproductive ayscea. 
Th• do•H at wbidl the•• t;ype• of effecta would be expected to occur in 
hwu.na, if they would occur at all, have not baa wll characterized (l'O, 
13). 

Lead l• another •cal of particular concern datactecl at the Tn Tin sice. 
Elevaced level• of lead ver• detGcted in soil, groundwater. and ambient 
ai.-= sa11p1..... Expoaure co sufficient quantiti•• of lead aay cause damage 
co the brain &ad nervous sy1t .. , the bloocS. k.1dnay1. digestive 1y1cea. and 
rel'roductive .,at•. Sull childr•ia are at particular risk for expoau.re 
to lead, more so thaA adulta, due to chair cendeacy to cOU\189 larger 
a&CNll.ts of soil during their routim activiti.H &ad becau• their bodies 
absorb a greacer GDUDt of th• lead in cha nil they couuma ( 14, 15) . 
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In che one soil sample collected on the !ex tin sice, the lead 
concentration was 980 ppm. According co the U S. Centers for Disease 
Control, lead concentrations in soil and dust exceeding 500·1000 ppm may 
contribute to increased blood lead levels in children (15). Children 
exposed co comparable concentrations of lead in soil in a residential 
setting such as chat found at Tex Tin would be at an increased risk for 
adverse health effects. Airborne lead and lead in groundwater would also 
contribute to elevated lead level• in children, further increasing their 
risk.I. 

Antimony was also detected in the soil sample ac an extremely elevated 
concentration. Normal background concentrations of antimony have been 
reported as high as 10 ppm, although average background concentrations a=e 
considerably lover (16). The antimony concentration detected at the site 
was 2,590 ppm. 

The potential advllrse effaces of antimony ingeation have not been well 
characterized. There is, however, information available concerning che 
effecca of inhalation exposure in an occupational aetcing. The pocencial 
effect• aaaociated vich antimony include deraacicia, irritation of the 
upper respiratory trace, eye irritation, and irritation of the 
gastrolnceacinal trace aa vell as more seriou.a rea,iracory effecca, such 

' as pneumoconiosia. Reports from the Soviet Union have also indicated that 
female metallurgic workers exposed co antimony aerosols experienced higher 
races of spon~ou.a lace abortioft9, premature birtha, and gynecologic 
proble .. (17, 18). 

Elevated concencraciona of •rCU%Y vere detected in groundwater.and 
surface water samples. organic foraa of 11ercury are generally considered 
to be more toxic than inorganic mercury compound.a although long·cerm 
exposure co both foraa may adversely affect the central nervous system and 
kidney. Adverse devalop .. nt and reproductive effects have also been 
reported. The severity of the effect rill be del'&ndent on the fom of ::he 
mercury, the route of ezpoaure, and the concentration. Acute expoaure to 
mercury compound.8 .. y also reaulc in gastrointestinal dis~ance• (10, 
17, 19). 

The maxUNll ccmcencration of mercury found in the groundwater samplu 
collected at che Tez Tin site significantly ezceeda the federal drinking 
water acandard and could poH a threat co public health if the groundwater 
waa u.aed u a potable supply. Potential huam npoaure co surface vacer 
ac the al~ baa noc ben vell characterized. 

Bariua, COl'l'•r, 114111"""••· silver, tin, and 11ac were detected ac elevated 
levels in the groundwater ac the Tex Tin site. !levaced le..,.ls of copper 
were also detected in soil and surface vacer, elevated concencratioiu of 
cin 1n air samples, and zinc 1n the surface vacer. The•• 11etail, although 
posing less of a health hazard, do have the potential co cau.ae adverse 
health effects. The primary effect of each of Cha metal• by c:he ingestion 
route of exposure would be gastrointestinal lrr1tati01l. By Cha inhalation 
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route of exposure, the primary effect would be respiratory irritation. ~n 
extremely large doses, barium, manganese, and organic tin compounds could 
also adversely affect the central nervous system (10, 17, 19). Exposure 
co large doses of silver may result in a permanent discoloration of the 
skin, conJunctiva, and internal organs known as argyria (20). 

As with the other metals detected at the Tex Tin facility in the various 
environmental media, it is difficult to asses1 th• magnitude of the risks 
posed by these metal$ based on the limited environmental sampling data. 
The presence of bariwa, copper, manganese, silver, tin, and zinc, along 
with the other metals, in the groundwater, soil, surface water, and air 
samples does indicate widespread contamination. 

Additional environaencal sampling and characterization of the pathways of 
exposure will help further define th• extent of the health risks posed by 
the contaaination. 

CONCLUSIONS AN1> R!COMKERDATIONS 

The Tex Tin site poses a potential public health concern co on-site 
workers, residents living in nearby neighborhood.a, and possibly to 
residents using private wells in the unnamed beach collllUDicy located a 
mile south of th• site. 

Potential envirot111ene&l exposure pathways include groundwater, surface 
water, soil, and air contaainated vi th a variety of 11ecala including 
antimony, arsenic, bariua, c&daiua, chroaiua, copper, lead, manganese, 
mercury, nickel, silver, tin, and zinc. Possible human routes of exposure 
are ingestion, inhalation, and dermal contact vi.th th• contaainated 
groundwater, surface vacer, and/or soil. Il1halation and incidencal 
ingestion of airborne particlH froa Tex Tin eaiuiona or entrained dust 
are also potential pacbvaya of concern. 

Since the majority of cha eavironMntal sapling daca were collected prior 
to 1985 using uiwpecified protocols; more current, syat ... tic, and 
standardized 1ampliag of air, 1011, groundwater, and surface vater is 
neeud. Specific rec~ciona include: 

l. Allbienc air monitoring should be conducted both omit• and offsite for 
the concaala.nta of concern. Th• offlite ubient air monitoring 
should be conducced in locatiom with th• gr .. teac potential for human 
exposure co aaiasiom froa Tex Tin ( 1. •. residential areu, 
playground.a, etc.). 

2. Off·sit• surface soil samples (top three inch••) should be collected 
fro• nearby reaiuncial areu and in tho•• areu where contaiaant 
migration by either air or vat.r is suspected. SamplH 1bould be 
analyzed for ucal, organic, and radioacciw concenc. 
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Reference 4 

Internal Memo Concerning Tex Tin Corporation; From K. Macko, 

District 7 Representative, to George Green, IDWR; 

September 26, 1977 
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~eorge Green, Chief, Field Support (fl~f-~~~~~...,;2~._j.977 _, 

:-----1- .-:.. ...... ~.: 
' ' ) 

I - -7 
FROM Karen A. ~acko, District 7 Representat~ -:l--
suaJecr Gu;! Che.:.ic.al .! ~et~l_:;rqical, Texas City, ISW 

In-==oducti.on: 

on 9/20/77, Gulf Chemical & Metallurq1cal met with aqency personnel 
in Austin to discuss pollution abatement measures and request an 
extension of the 7/l/77 deadline for attainment of new operational 
l~vels. David Hays from District 7's industrial section attended 
the meeting. The followinq day, 9/21/77, the writer and Nancy Wolfe 
inspected the Texas City facilities with Richard Acuff, Environr.en-=a 
Engineer. 

Findings: 

l. Dikes at old outfalls 002 and 004 were seepinq, and contam~~a~=· 
water was reachinq the Wah Chanq ditch. (See picture) 

2. Dikes on acid pond were also seepinq allowinq low pH water to 
enter the ditch. The company is considerinq plans co construct 
a trench system around the pond and reroute the water th:o~gh 
the neutralization procesa. 

3. Several inactive Metals and Trade ponds exist southwest of :~e 
acid pond. No plans have yet been formulated for closure. 

4. Volume data for solid waste produced is not easily attal~a=le. 
Richard Acuff will submit the data l.n the future and ke~~ -c:e 
appropriate records. 

5. Gulf Chemical & Metallurqical has three production circ~~:3 at 
this time. Products and wastes assoc~ated with each are ~:s
cussed below. 



·' 

..; .: : c:,er:1ical. s. ~etall·.irgical 

I5W :30057 
Page 2 

a. Ni circuit - ~ickel sulfate product. Nickel sludge is 
stored in drums in the north end of the smelter build:~g. 
;..:<:er sr:ielting, "waste sludge" is sold for other ?:'let;al 
=ecovery. A ~mall quantity ra~oved during vessel c~ea~:~~ 
:s =~~ped with the slag from the tin process. 

b. Fe circuit - Ferric chloride product. GAF sells the co~
pany iron sludge contaminated with the herbicide a~ibe~. 
The material is stored in the two areas desiqnated on tne 
attached ~ap. Runoff would supposedly flow through ~~e 
plant to the pond system. A small quantity removed :=cm 
the settling tank is disposed of in acid pond B. 

c. Sn ci:cuit - Tin ingots product. Product is received 
in the following forms: ore sacks from Bolivia stored 
on pallets by Ponds A and B, tin residues in SS-gallon 
drums stored in ore storage building, and tin ore piled 
along Highway Sl9. After primary smeltinq, rich slag is 
stored onsite. End slag is produced after the electrolyte 
process. Gulf Chemical & Metallurgical is planning to 
install a new rotary furnace for tin smelting. This new 
process will further remove tin from the end slag. 

Recor:1r.1endations: 

That the company submit a close-out date for the Metals and Trade 
ponds as well as plans for closure and reclamation of the metals. 

That they submit vol\Dlle data on the slaq, nickel sludqe, ferric 
chloride sludqe, and plant trash produced. 

That Gulf Chemical & Metallurgical repair the dikes at old out:alls 
002 and 004. 

That the company continue the pollution abatement plan as discussed 
on 9/20/77 in Austin. 

KAM:tmr 
Attachments: Annual Compliance 

Photo 
.... - .. 'i ... -

Approved 

oate:~~S-•~e-t.e•mb=--e-r...-2.J •• ..-1_9_7_~~~~~ 
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Internal Memo Concemlng Tex Tin Corporation; From K. Macko, 

District 7 Representative, to Steve Cook, TDWR; 

March 26, 1979 
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Texas DeP.artment of Water Resource~NFoAcru~t !~ 
__________ ..._ ..... __ 1'-TEROFF-IC.E \l[\IORA~UL\I Fl!tt JN:RAtt.-{!g 

";;I?,.~:· I / --' ' -.. ,.._...,.. 

TO Steve cook, Enforcement Support Section 

:eorge ~reen, Chief, Field Support Section 

DATE :-tar::h 26' l9i9 ~ 
..... 

~ 

Gfasµ 

F~O~ Karen A. ~acko, District 7 Representative 

suBJECT Gulf Chemical&: Metallurqical Com~~ny,,_I_.s.w. ~o. 30057, 
-:iexas City 

I::troduction: 

Gulf chemical & Metallurqical was referred to the Attorney General's 
office on Auqust lO, 1978, for surface and qroundwater pollution 
offenses. An annual inspection of the tin smelter was made on 
~arch s, 1979, with Ms. Nancy Worst, District 7 Representative, 
and ~. Richard Acuff, Environmental Enqineer for the company. 

Findinqs: 

Gulf Chemical &: Metallurqical had bemr reclaiminq metals in three 
primary circuits. 

l. Ni. Circuit - This unit was torn down l, years aqo. 
Nickel sludges are no longer qenerated. 

2. Fe Circuit - Due to the loss of the principal buyer 
(City of Rouaton), ferric chloride production has 
decreased. The company no lonqer buys amiben (a 
herbicide) contaminated iron sludge from GAP 
corporation for this c:ircuit. Disposal of 
settlinq ta.nk sludqe in the acid pond ceased 
last Auqust. 

3. Sn Circuit - 'l'he tin circuit has been modified with 
the addition of a rotary furnace. 

Rich 
Slaq 

(371370) 

Electrolyte 
) 

Process 

' 

"end" slaq 
(371360) 

Rotary 
) 

Furnace 

Future 
end slag - - - -) 

DalVED 

CM'DWR 



~l: che~ical & Metallurgical Company 
.-cJge 2 
·:arch 26, 1979 

End slag now generated has an obsidian-like 
appearance. The material is dumped north of the 
a:id pond. The company has hopes of reclaiming 
additional tin from the slag in the future. 

:~e ac~d oond continues to leak as evidenced by visual seepage a~d 
~onitor well reports. \Refer to monitor well results in !OM =ated 
~;ovember 17, 1978.) On the day of the inspection, an upstrea.'TI sa.'"l?l.e 
at F~ 519 had a pH of 6.8. Downstream of the ac~d pond, the pH had 
dropped to 4.0. 

~he metals and trade ponds have not been closed out. contaminated 
runoff enters the southern drainage ditch along the railroad track 
and thence flows to the Wah Chanq Oitc:h. 

company officials and aqeney personnel met with Mr. Tom Aul:lry of t!-.e · 
Attorney General's staff on March a, 1979. A final injunction will 
be proposed incorporatinq a time schedule for the closure of the 
acid pond, collection of contaminated runoff, and construction of 
dikes. 

KAM:tmr 
Enclosure 

'\ 

1.:..
1JTD\; ~ 
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Excerpts From Air Quality Monitoring at Tex Tin Corporation, Final Report; 
Texas Air Control Board; February 12, 1987 



Tex Tin Corporation 

Air Quality Monitoring 

Final Report 

TEXAS AIR CONTROL BOARD 

Sam?ling ana Analysis Division 

February 12, 1987 



INiRODUCTION 

:-~:ex 7.- ::-~:~::::~ \!ex:.~; sa-::.-g ;-c;e:: was :~e se~o~C !"a 
se~~es ~e-~o--e: :1 t-~ -exas Air C=i:~c: Beard (!~:~) un~e~ a cor:~ac: 
~::r :-e :~xas ~a:e- C:--.ss.:~ (7~:). A-~ie~t air sa~~l1ng for ~a~::c
~-a:e ~=::e- ~a= co-~-=::: at :ex Tin tc deter~:~e heavy metal and 
e:e-e-:a~ ::-::s.t10~. 

T~e Tex Tl~ Ccr;c-a:.o~ (formerly Gulf Chemical and Metallurgical) is a 
tir. s~elte-, loca:ej in ~a ~arque, Galveston County. The facility 1s 
locate: at t~e •r.tersec:icn of State Hlgh•ay 146 (SH 146) and Farm-to
~arke: Rea: 5i9 c:v 519). The site is a 12:-acre tract ar.c has several 
ind-s:rial so:io waste areas. T~ese industrial sol.d waste areas incl~de: 
five waste•a:er treatment pones, a gypsum sll.l.l"'ry pon~. an acidic ferric 
chlorlde pond, several closed acid ponds, three lnactive impoundments, an 
area of iron sludge contaminated w:th Am~ien (a pesticide), several slag 
P•les, and ap~-cx•~ately 20,0CO dru~s or s?ent catalyst. Surface wate-, 
sell, a~c sna::ow gro~r.c water conta~lr.ation have been docu~er.ted at the 
s.te. 

In Ap-il, 1986, t~o TAC9 staff mem~ers and a staff member from the TWC 
traveled to Tex Tin to cor.cuct a preliminary site survey. During this 
Slte survey, ~lr.e soil sa-;les, a water sa~~le, and a vegetation sa~ple 
were collec:ec. Analysis of t~e s~~ples by tne TACS ~a~oratory indicated 
:he ;:resence or ~eavy metals in all the sarn;:les collected. 

I-: A'Jg.Jst, 1986, the Tex Tin facil1:1 was san:;:led by staff me:r.":>ers frO"l 
tr.e TACS and T~c ror particu!ate matter including heavy metals. Metals, 
p~i~3ril1 lead, ti~. a~c cac~:~~. ar.c a~se-:ic were detected in so~e or the 
sa-;:es. Sc~e pro~le:r.s wi:r. t~e sa~;::ing were found during the quality 
assu-a~ce ~-c=ess, sc a third sampling t-ip was made to Tex Tin in late 
C:to~er, 1986. Arser.i: •as ro~nd in the samples taken the second day of 
t~•S sar-;::-:g t-.;:. 
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RESULTS 

::x 7.~ ~as ~ .... s~ sa-=-~~ o~ ~:~.! C3. 192:. Nie so 1 , sa~~-~c 
• .. 11 ____ ' ::"'e "'a.:~,.. 

sa-;_e, a·~ c~e vege:a:ic- sa-~:e ~ere taKe~. (See ~a; 1) The so.l 
sa~;!es .e-e co:!e~:e: fr:- tne t:; one inc;. to o~e and cne-~al: !~:·es c: 
s::: :eca~se tr..s _aye- of t~e so:l is ass~re~ to cc~tai;. tr.e ~~te•!a. 
w•:c~ we~:~ ~e ree;.:•aina::e in wirdy co~d1t1ons. The water sam;le -as 
collec:e: fro" t;.e ~a~ Chang ditch on the southeast side site, and the 
vegetation sa";!e was taken rrom the west side of t~e property. 

Analysis was performed using the X-ray fluorescence spectrometer (XRFl 
systerr. ln the T~:B laboratory. Since this analysis was for screening 
purposes, values were reported as relative peak size and not as concentra
tions. Large and very large peaks of lead, iron, nickel, and tin we~e 
detected in many or the samples (see analytical report SS 45-1, Appendix 2). 

The second set of sam~les were collected in August. These samples were 
standard high volume part•c~late samples except that q~artz filters -ere 
used in place or glass fiber filters. The samples were equilibrated, 
weighed, and analyzed by XRF. Results of the analysis indicated the 
presence of lead and arsenic in many or the filters (see analytical repcr~ 
SS 45-2, Ap~endix 2). The values ror arsenic ranged froM 0.07 to 2.34 
m:crograrr.s per cubic meter of air sa=pled, with a minimum detectable li~.: 
of 0.07. The lead values ranged from 0.24 to 4.42 micrograms per cubic 
meter, w1:n a rni;.imwrr. detection limit (MD~) of 0.14. Accuracy of the 
analysis was 97S based on the analysis of standards as unknown samples. 
The precision of analysis (average percent difference of 35 values for t.o 
analyses each fro~ two different filters) was -3.1s. 

Due to sc~e q~estior.s ra!sed duri~g t~e quality assurance review cf t~e 
August sa~~les, resa~~ling or Tex Tin for particulate matter was perrorT.e~ 

during October, 1986. These sa~~les were Slmilar to the previous or.es 
except that glass f:ber f1lte~s were used instead of quartz filters. T~e 
sa~~!es we~e eq~.1i:ra:ed, weig~eo, a~= analyzed on t~e X~F (see ana:yt
ica! repor: SS 45-3, Appendix 2). 'These sa~ples did not ir.c1cate the 
presence of tne heavy metals reporteo i~ the August sarr.ples. Tne sa~;:es 
were then extracted with nitric acid and analyzed for arsenic usi~g 
i~duCt!vely-co~p!e: plas~~ eT.1ss.c~ (!C~) spectrometry. ThlS a~alys1s 
indicate= tne presence or arsenic in several or the sarrples which .as r:: 
detected by the XRF. The concentratio~s of arsen!C rangeo from 0.035 to 
0.094 micrograms per cubic meter with a minimum detectable level of 0.014. 
Accuracy of the XRF analysis was reported as 99.8S with an average prec!
s1on of 12.6S. 1he accuracy of the ICP analysis was reported as 95~. wit~ 
a precision of -~). 

The Aug~st set or filters were analyzed ror arsen!C by ICP in Novembe~, 
1986. Results of this analysis confirmed the presence or arsenic in this 
set of samples. The arsenic concentrations ranged between 0.016 and 2.23 
micrograms per. cubic meter with an MDL of O.Q1ij. 1he accuracy of the 
an~lysis was reported as 98S, and a prec:s1on value of OS difference 
between duplicate analysis. , 



FIELD SAXPl..ING 

T~e ~:~s: sa-;::-g :~.; :: 7ex i.~ -as a ~re:i~ina~y site survey. ~ess-s. 
7:- :-.s:::: ar= ~er~y ~-a~ss cf tr.e T~:3 ai= ~-. Cuy Tia-ore of he ift: 
;:a-:"c.;:ate~ i- tre surve;. ire sa~p:1ng tea~ collected the sar.:;: es rror
t-e ;:e-. -ete- c!" t>;e s1 te, neve- actually gclng on•si te. r:ie soi sa.-:: es 
we~e c:::ectec a~c-g the fence lines on the west and north councar:es c~ 
the fa::l1ty a~= aloig the railroad tracks paralleling the southeastern 
bo-der. Tr.e •a:e~ sa~ple was collected from a county ditch that crosses 
the property. Outfalls rrom the plant, the ore storage area, anc the 
waste water treat~ert ponds, as well as overflows from the acid ponjs reed 
into this c:tc~. Tne vegetat:o~ sample was collected alor.g the wester
fence line nea- sc1l sample HS. (See ~ap 1) 

The soil sal"'.ples were collected rrom the upper one to one and one-half 
inch of soil based on the assumption that this layer is subJeCt to 
reentra1n~ent durir.g stro~g wines. In addition, it is assumed that this 
!ayer :s re;:resentative or the particulate deposition rrom the racil1ty. 
The vegetat:on sar.;:le was collected to determine what ele~ents were asso
ciated w1th plants in the area. The dry grass collected is representative 
o!" t~e vegetat.cn that syrrc~ics the facility on all sides. The courty 
c:tc~ that t-averses t~e fa:il:ty e~pties into a canal that ror~s t~e 
so~thern bo~ncary or tne fac:l:ty. The canal empties into Galveston 3ay. 

1he results of the preliminary survey sa~ples indicated that am~ier.t 
sa~;:ling for particulate matter was necessary. The sampling was perrormej 
during the week of August 4-8, 1955. The sam~ling team was headed by ~". 
Tom Driscoll (TACo) wit~ assistance frorr. staff of t~e TA:B Regional orr1ce 
ir. Houston a~d the Ca!veston Cou~ty Health Department. Mr. Cuy Tid~ore 
aid ~s. Kate Art~~r (T~:) acted as oversigr.t personnel. 

T~e sa~~liig bega~ en AJgust 5, 1986 at 4:05 p.m. The high volume a.r 
sa~?le"s (1:-vo:sl were ~oca:ea along the oour.daries of the facility as 
showi or ~a;: 2. 7re upwi~d sa~pler was located on the sout~ sioe or the 
ca~al (c!f tie pro?e~ty). The winds were predominantly fro~ the sout~ a: 
4 to 10 m.p.h. The p!anttsmelter was in operation and emissions were 
observed coming from the stac~ and fugitive emissions were observed co~1r.g 
f"o~ tr.e p!ant bu1lc1ng. The sa!'ipl1ng was terminated at 8:20 p.m., after 
255 ~1nwtes or sarr.~l1ng, because of darkness. 

Saa:pl1n~ began on August 6 at 7:55 a.m. The samplers were located as 
shown on Map 3. The winds were again from the south at Z to 7 m.p.h. 
Sa~~ling cont~iued for 480 minutes, terminating at 3:55 p.m. Between 8.2~ 
and 8.50 a.m. there was a light rainsnower. However, the rain was so 
light that sampl'ing was continued with no interruptions. The plant was 
operating normally and fugitive e:n1ssions were observed co~ing from the 
plant/smelter bu1ld1ngs. 

T~e sampl1ng on August 7 was s1milar to the previous two days. The 
samplers were located as shown in Map 4. The winds continued rrom the 
south at 4 to 8 m.p.h, sa.~~ling began at 7:45 a.m. and continued ror 480 
minutes, terminating at 3:4~ p.m. Once again the plant/smelter was 
o~erational, wit~ fug1t1ve emissions observed coming from the rac1lity. 



~~:er :~e sa-::.~~ tea- ~e~ur~e: t: A~s:.~, a Q~a:i~y assw~a~ce aJ~.: ~~s 
~ace o~ :-: sa-:!es a~: sa~;1:~g e~~•p~er.:. Tne h.-vols used as tre 
ccl_c:a:e: ;a.~ die re: have gas~ets arour.: t~e filter ho!a-ccwn ~.~gs. 
As e •• :e-:ec ~I t~e a~;earance of the f:lters, the lack or gaskets a1:owec 
pa~tic~:a:e rr.a::e~ in the air to bypass the filters and not be collec:ec. 
Afte~ a re•.e• cf the audit ir.for~ation and filters, it was decide~ that 
resa~;:.-~ was ~e:essar1 to ensure represer.tat•ve results. 

TI'le resa~?ling was scheduled for the week of October 13-17, 1986. How
ever, heavy rains in the Houston-Galveston area during the previous week 
had soaked the grounds and the sa~pling was postponed until the week of 
October 27-31. 

The samplir.g team returned to Texas City-~a Marque on October 27, 1986. 
TI'le hi-vols had been recalibrated in Austin the week of October 6-10. T~e 
sampling team used the first day to check out the portable generators, 
coordinate the sampling with the Galveston County Health District, and 
choose suita~le sampling sites. The plar.t appeared to be operating 
normally, with visible emissions (both particulates and liquid water) 
coming from the smokestack. 

On Octobe~ 28 sampling began at 10:15 a.~. The start of sa~plir.g was 
delayed because the upwind site was located en the Tex T.n prope~ty anc 
permission to sample on the property was required. The hi-vols were 
located as shown on Map 4. TI'le winds were predominantly from the east 
with a slight southeast component. Several large areas of standing wate~ 
were noticed close to the fence on the western boundary of the facility, 
indicating tnat the ground was still ve~y wet from the rains the previoys 
two wee~s. and tnere appeared to be some run-off from the facility intc 
the car d:t:r along Sri 146. Sampling continued for 480 minutes, te~~.
r.at:r.g at 6:15 p.m. ou~:ng the hi-vol set-up, the e~1ssions fro~ t~e 
s:ac~ were getting noticeably weaKer, and by the end of the day's sa-
pling, had almost completely disappeared. 

On October 29, t~e sa~pling began at 8:45 a.m. The h!-vols were loca:e: 
as snown on Map 5. The winds were again from an easterly d.rectio~. :~e 

sampling continued for 480 minutes, terminating at 5:45 p.m. There we~e 
only ve~y weak visible emissions from the smokestack and no liquid water 
was prese~t w•th the visi~le particulate emissions. There ~as so~e s:~e 
work in progress during the afternoon. A dumptruck was duoping loads of 
what appeared to be slag from the smelter, and a bulldozer was working o~ 

other piles of slag at a separate location on-site. 

On October 30 the hi-vols were located along SH 146 near the bridge over 
the canal. However, as the hi-vols were being loaded with the filters tr.e 
winds shifted to a m~re northerly direction and were blowing parallel to 
SH 146. The saC?l1ng was discontinued and the team began to relocate the 
hi-vols along the railroad tracks across the canal, the southern boundary 
of Tex Tin. As the hi-vols were being reloaded to begin sampling, the 
winds shifted back to the east. The hi-vols were reloaded into the 
sampling van and once again located along SM 146 as Shown on Hap 6. 
Sam~l1ng began at 1 :15 p.m.'and continued for 240 minutes, terminati~g a: 
5:15 p.m. During the sampling, there were no emissions visible from :~~ 

smo~estacK and tnere was no sitework on the facility. A break in the 
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~~=a~ trer: was ar area ~rere ~wroff r~o~ t~e facility had ~1:::: a __ 
vege:a::c-, a-: :re~e -as ar. o:.y f1l-/s:u~ r:oat1ng on t~e wate- :- :-~ 

\: .a:e~ sa-;:es were cc::e:ted Sln:e the tea~ :_: 

7-~ sa-;:_~~ :ea- ~et.~1ed to Awst.1 or. Octobe~ 31, As t~e sa-;::~~ te~

was lea1:1g Texas C1ty-~a Marque, it was not1cec that Tex Tin hac starte: 
nc-~a: o;e~a:.:ns aga1n. There were substant1al em1ssio~s co~1~g frc~ the 
s~okestack, both particulate and 11Qu1d water (no visible e~-ssio1s 
determination •as made). The sam~les were given to the TA:5 Laborato-1 
ror analysis by ~oth XRF and ICP (arsenic only). 



QuALIT! ASSURANCE 

The high vc!Y-e air sa-=lers usec 1- t~e Tex Tin sa~pling were ca!i:ra:ec 
i~ Aust.~ dw-.;g t-e weeK ~-ior tc t~e t~C sampling trips. Tr:e sa-~:e-s 

we-e auc~:ed wit~i~ ere wee< of t~eir retu-~ f-o~ sa~pli"g. It •as cu-:r.g 
t~e pcs:-sa;.;ling ayc.t tr.at qJestions were raised concern.~g the A~gus: 
hi-vol sa~pling. WitncJt gaskets on the filte- hold-down plates, substar.
tial air lea~s could exist around the filter. niese leaks would allow 
particulate matter in the air to bypass the filter and not be collected. 
However, the air would pass through the throat of the hi-vol and be 
measured as total volu~e of air sampled. A check of the filters indicatej 
that this had indeec happened. Thie filters indicated that high-volume ai
samplers 02531 anJ H5980 did not have gaskets around the filter hold-co-~ 
plates. Post-sa~pling audit or the flow rate indicated that all sa~plers 
were within the 15S flow rate error as required by the sampling plan. 

The results of the QA audit of the August sampling trip led to the deci
sion to resa~ple Tex Tin. Class fiber filters were substituted for t~e 
qJartz filters, after it was deter~1ned that the glass fiber filters 
contained no contaminants that would interfere with the analysis. 

As stated a:ove, all hi-vols to be used at Tex Tin were calibrated pric
to their being taken to the field. Resu!ts of the post-sarnpli~g ayc.t of 
the flow rates from the October sa~pl1ng indicated that all sanple-s were 
we!l with~~ tne 15S error limit as specified in the sa~pllng plan. 



DISCUSSION 

:~e ~es~::s :~ ~=:- sa-;:.~g :~.~s :: 7e~ 7.~ l~~.:a:e :~a: ~eaY, -~:a.s 

i-: a-se-.; a-e :e.~~ :i··:e= of~-s.:e 0 1 t~e ~ir.:. T~e co•:e·:·a:.:-s 
te.-g ~:--e :f~-s.:e va-1 ~.ce:1 de;e•:.~g or. the state of tr.e g·=~~= ai: 

T~e A.g_s: sa=;:.~g •as performed during dry weather with the plan: at 
nor~a: ~-ccuctlc·. The production status was determined fro~ the a~our.t 
cf activity at t~e facility, the emissions from the smokestack, a~c t~e 
fug1tive emlss1ons froT. the bw.ldings on the facility. The only rair.fal: 
•as t~e s~o-: shc-e- re~o-ted en the second day. The winds reported were 
no·rr~l fo- the s---e- ~or.ths along the Texas coast. nie analytical 
reswlts should be cor.sidered as represen~1tive of what would be found in 
the ai• in the vicinity of a tin smelter. nie samples are basically 
f~gltive e~lSSions fro~ the bUlldings and wind-blown dust Stirred-u? f~o~ 
the g-o~~d d~rir.g normal plant operations. The emissions fro~ the s~o~e
s:ac~ had little effect or. the results due to the close proximity of the 
sa~~:ers to the p-o~erty lines of the facility and the height of the 
s~o~estack e~iss.on point a~ove t~e ground. 

The lac~ of fl::er gaskets on the collocated hi-vols lowered the aT.ouit er 
pa•t:c-:ate rra:ter collected on the filters while the total ai- vo:~-e 

sa~~:ec was not affected. Th1s means that the concentration of a reported 
co~ta~inant •as a: least as great as that reported and probably higre•. 
!Jie lac~ or gaskets on the filter r1ngs allowed air to leak around the 
filters and tne particulate matter to bypass the filters and not be 
caught. However, beth t~e air passing through the filter and tne air 
lea~ing aro~nc t~e filte• would pass througn the throat or the hi-vol and 
be meas~reo as t~e t:tal flow throug~ the hi-vol. This would res~lt in a 
g•eater a~o~r.: of a:- reported sa~~led than was actually the case. Sirce 
tr.ere lS n: ~ay to accurately esti~ate the amount of air that leaked past 
the filter, the resu!ts reported sho~ld be considered as minilll!Jm values. 

ihe pr::le~ cf filter gasket leak and resultant minir:um-level determina
tion er e-isssio·.s lEd to a decision to resample Tex Tin. As was stated 
ir. tre field sam~ling sectioi, heavy rains in the area postponed the 
sa~;!ing for two wee~s. The two-week delay was not sufficient for the 
g·:un= co cry to the level that existed during the August sampling. Tiiere 
were large pools of standing water covering portions or the facility, ar.d 
there was also the appearance of water draining tr:om some or the piles of.;...4:. 
slag visible from the sampling van location. Also, .as stated previously~ 7:-: 
the smelter appeared to have shut down during the.,sampling period ~ ine·e -~~ 
there was little evidence of plant operations except ror a dumptruck off
loading what appeared to be slag from the smelte~; into the spo11s-~rea. 
The reason for this shut-down has not been determined. The emissions from 
the smokestack on the second and third sampling days appeared to be natu
ral t1raft emissions caused by ,.ind flow across "itie stack exit. _-_ . - . ..... .. ·~ -- ___... ... 
This change in sampling conditions from the Aug~t conditions sh0!£ld_~!,.... ___ 
considered advantageous to the pro,Ject.· The August sampling results 
should be considered the base or low point emissions from a facility that 
is f~lly operational, i.e., the emissions are at least this high. The 
Octo~er results snould be considered as representative of a facility that 
is not operating and are the minimu~ emissions which would come from the 
facllity. ~itr t~~ a~ove in mine, the res~lts from~tober sampl1ng 
inc.cate tna: there is a~ ongoing release or arsenic into the air.· 



COMPARISON OF ARSENIC LEVEL.S IN AUGUST AND OCTOBE~ 

T-~ 7~C3 ~a::ra::-) usej incwct1vely-co~;:ed ;las~a C!:P) s~ec:-:-e:-; :: 
a~alyze the pa•::c~:ate sa~ples fror" Tex Ti• for arse~:c. T~e !:~ -e:-:: 
is r:•e se~s::.ve r:- arse~.c as sho~r: by t~e ce:ect::~ l.~::. 

The results er the sa~pling at Tex T1n on ~1ffere1t dates w1ll te co~~a-~ 
us1~g tr.e arsenic results as a basis for comparison. All va:ues are 
re~ortec in micrograms per cubic ~eter or air. The mir.iT-~ ce:ecta~:e 

level (M)~) for all samples was 0.0~4 micrograr.:s pe~ cu:ic ~eter of air. 

Sair.;:ile 

August 
2981 
2982 
2933 
295 .. 
2955 

August 
2936 
2987 
2158 
2989 
299:) 
2991 

August 
2992 
2993 
2994 
2995 
2996 
2997 
2998 

October 
Ul 
Dl /1 
01 /2 
01 /3 
01 /Ii 

ID 

5, 1986 

6, 1986 

7. 1986 

Location 

(Dai 1) 
Upwind 
Along SH 146, S of F~ 519 Intersection 
Along FM 519, E of office 
Collocated along FM 519 
Collocated along FM 519 

(Day 2) 
Up1o11r:d "'... "'\ . , !'· 
Located along SH 146 near F~ 519 Intersectio~ 
Northwest Quadrant 
Collocated along FM 519, North of smelter 
Collocated along FM 519, North of smelter 
Along F~ 519, E of office 

( Oay3) 
. ' . 

Nortl-.west Quadrant • (. 
Along F~ 519, near SH 146 Iitersect:on 
cc:loca:ec along FM 519, Nert~ of s~el:e
Collocated along FM 519, North of smelter 
Along FM 519, East of office 
Upwind 

~. ,, : 
28, 1986 (Day 1) 

Upwind, along FM 519 at county D~tch 
Along SH 146, West or slag p;les 
Collocated along SH 146, West or slag piles 
Collocated along SH 146, West of slag piles 
Along SH 146, west of slag piles 

... ' ..... ) 

October 29, 1986 (Day 2) \.,,. ·~~!. '-'''"' 
U2 Upwind, along FM 519 at County Ditch 
0211 Along SH 146, West or smelter bu1lding 
02/2 Collocated along SH 146, West o! slag hopper 
0213 Collocated along SH 146, West or slag hopper 
0214 Along SH 14~, west or slag piles 
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~:~.~:, ~:~~g ~vs·; a: C:~~:y C.:c~ 
~::~g Sri i~o, west of slag piles 
:::::::catec a::.:ng Sr: 1 lj6, west. er slag piles 
Co!lccatec a::.:r.g SH 146, West of slag piles 
A::~g SH 14c, ~est of slag piles 

<v:_ 
<"'" 
<"1J_ 
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<~=-

i~e August sa-~les we~e collected during dry weather with tr.e pla~t 
ope~atir.g nor~ally. T~e October sar:ples were collected after heavy ~a1r.s 

nae ra::en over tr.e area and there we~e several large pools of stand!r.g 
wate~ on the plant g~o~r.cs. A!so, the October samples were co!lected ·~en 
the p!a~t was s~ut do~~. 

N:~e c~ the upwind sa-~les had arse~ic concentrations at or above the 
mir.in~~ detectab!e level. This indicates that there 1s little or no 
bac~g~oy;.c ccntrlbution of arsenic to the air entering the Tex Tin 
facilit). Sirr.ilarly, the~e were no dow~-inc arsenic concentratio~s 
reporte: a:ove backgroun: leve:s o~ t~o of the October sampling days. 
Most prcba:::.e causes are t~at (a) the g?"ound was wet from previous ra:~s; 
(b) the p.ar.: was net ope~a:ing, arc (c) :~e~e was no wor~ goi~g er. 
o~-s:te. 

~.:~ d~y weat~e~ and the plant under w~at appeared to be normal operating 
cor.citior.s, arser.ic was released to t~e air fro~ the Tex Tin fac:lity. 
Arser.!c was detected in sanples collec:ed down.1r.j cf tne facility on each 
of the tr.ree sa~pli~g days in A-g-s:. The sar~l4ng tean:s notec that tr.e~e 
were s~bstant1al fug.t!ve e~iss•o;.s co~ir.g from the smelter building or. 
t~e secor.c sal'lpl.~g da;. Also, there was vehicle traffic or. the plant all 
:h~ee days. ?rc:at:e sources for the a~se~"c are the smelter buil:"~g ar.d 
t~e ?la~t g~o~r.:s. As ve":.:!es trave•se :he ;:la::.:, the/ cou:d re~~:-a.~ 
a~se~:c :ra: ~as se::.e: oyt o~ :ne a.r or.:o ~~e grou~c. In the Oc:coer 
Sa!"';:lir.g, a?"Se":lC was See::. in t"'ie dO'w'n.:1nd Sa.T.ples after ven1cles had been 
cr.vir.g c~-site. 



COMPARISON OF LEAD, TIN, ANO CADMIUM LEVEl.S IN AUGUST ANO OCTOBER 

.re T~:3 -a~cra:orJ us:: x-ra; !'!~oresce~ce (X~F) S?ectrosCC?Y tc anal1Ze 
t~e Aug.s: ar= Oc:c~e- sai~les fer lead, tin, and ca~~lUM. All values a-e 
re;:;or:e: !- -.c-cg-aT.S pe- CU~lC meter of air. The m1~im~~ detecta~le 
le\e:s (.":_) f:;r a:.1 san;:;les were 0.111 (Pb in Aug), 0.09 (Sn i:: Aug), 0.10 
(Cd in Aug), 0.27 (P~ in Oct), and 0.16 (Sn in Oct). The n1gher MDLs in 
the October sai;:1;.g result fran the difference in vol~~es or air saipled. 
Sample locations are as indicated on the ma?s in Appendix 1. (NOTE: A 
blank space indicates that the element was not detected in t~at part1cl.:ar 
sample.) 

Sanple /1 

August 5, 1956 (Day 1) 
2931 
2952 
2983 
29s .. 
2985 

August 6, 1966 (Day 2) 
2966 
2987 
2988 
2959 
2990 
2991 

Al.gust i, 19e6 (Day 3) 
2992 
2993 
299:. 
2995 
29;.;, 
2997 
2998 

Lead (Pb) 

o. 21. 

4. !12 

1.20 
1. 22 

0.29 
2.C1 

. 3. 61 
0.68 

October 28, 1986 (Day 1) 
No Pb, Sr., or Cd detected on any sam?les. 

October 29, 1986 {Day 2) 
Up 2 0.35 
D 2 /1 
D 212 
D 213 
D 211.l 

October 30, 1986 (Day 3) 
D 311.l 

, 

Tin (Sn) 

o. 31 
1. 25 
1.56 

103.6 
27. 5 

1. 35 

5.95 
1 3. 9 
25.11 
2.05 

1.85 
1. 52 
1.51 
1.85 

0.1 s 
No PJ, Sn, or Cd detected in any other sam?les. 

Cad::nurr: (Cd) 

o. 611 
0.15 

0. 17 



1. 7~: :~:: ~:--: :- ~-~.s: S c~.:: :: a.:~-::.:e ex~aust lea~ ~e~a.s~ 
c~ :~~ _::::.:- :: :-~ s~-=-~~ a~: :e:a.se :-e x=r c~es ~=~ :.s:.-;-.:~ 
ex-:-s: :ea~ ~-:- ;-::ess .ea~. 

2. r~e t.- f:-~: :• A.gJst 5 pr=oaoly comes rro~ Tex T1n d~e to sa-::e~ 
loca:.c~ a•: !a:< er t1~ ln the U?•1nd sam~le. 

3. The h1gr. lea: a•c ti~ levels found on August 6 result fro- Tex T1, 
em•ss1or.s. Tr.is is based or. sampler locat.on, co~parison to othe- sa~~le 

res~lts, ar.c sa-;:e- opera:o- cor~er.ts concerning r~gitive e~issicr.s rrc~ 
the smelte- bJ::c.-g. 

4. The lead and t:n levels four.d on August 7 are representative of typical 
plant em:ssions. !i':e collocated pair of sa~plers (2995 and 2996) give 
com~arable res~lts for bot~ lead and tin. These samplers were located ~n 
the a-ea of g-ea:es: e~:ss.o;s a•C are SY~star.tially r.ig•e- t~an the o:~e
two sa-;:e~s ~oca:e: ~~~-~.-: =~ :~e ;!a-:. A:sc no lea: o- t~~ we~e 

detec:ed up•ind. 

5. T~e :ead detected i• t~e u~~i•j sample ir. Oc:ober cc~:c be aut:~:::l: 
lead. 

6. The ti~ ce:ec:e: .- t~e do~r.~1nd sam~!es co~es rrcr the slag ;lles c
ground at Tex T.;. Tre tir. was st.rred u~ cy the o~era:icns of tnc 
du~~truc~ and/or c.:laczer o~erat1ng on the slag p.les. 

As stated in t~e F.e:: Sa-:!:~g sec:io•. the Tex Tin facility •as o~e-a
t:rg nor-al!y cJ-.-g c~c A.g_s: sa-~:i;g and was shut down du~ir.g :~e 

C:tc~e- sa~~:.~e· k:s:, t;.e g~:.nc •as cry in A~;~st an~ .et .~ :~::;;~. 

Tne prese~ce or c~e :ea~ .• t~e e-1ss1ons during the Aug~st sa~;::~g 1~=.

cates tr.=: the :ea: .s be1;.g e~.t:ed from tne srelte~ c~~~r.g tne s~~::.-g 
precess. !r..s is ~:rne o~: oy the rac: tha: lead was net detec:ec a~-~~g 
tne Octc~e~ sa~?:l'-e when tne smelter was sh~t down. furtr.er~o~e. t;.e :.~ 
ro~nj i~ al: the sa~;:es i~dicatec tnat the tin co~es r~o~ cc:~ t~e s~e:
ter (pr1~3-y so~rce) and fro~ tin tnat has settled o~t of t~e ai~ a-! :s 
reen:ra.~e: :1 ve~.::e tra~f1: o~ ~:~cs. 
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From H.L. Newman, Teic: Tin Corporation, 

to Martha McKee, EPA Region VI; 

January 25, 1985 



' 
~\ 
\ 

TEX TIN CORPORATION 

~EL.EX 504Mll 

HIGHWAY 519 • P. O. IOX 2UO 

TEXAS CITY, TEXAS 77592·21:30 

January 25, 1985 

CERTIFIED MAIL - R!:~RS RECE!PT REQ~~S!Eu 

~ar:ha McKee, Chief 
Comiilian~• Section 
USEPA, Regiotl VI 
1201 ::lm Street 
Dallas, Texas 75270 

Re: Sit• Inspection Report of April 20, 1984; EPA Site 
Number TX 0~364 

Dear Ms. Mcltee: 

Tex Tin Corporation, foiinerly Culf Chemical and Metallurgical Co~p3ny, ~s 
concerned with the bias in and created by the above report. The Cc~~a~y 
must by this correspondence protest th• colored report submitted ~/ :~e 
site ins,eccor. Please accept the following comaents offered in a Si~~:: 
of cooperation with the Agency. 

The report of subjects chat are noc environmental threats, omiss~on c: 
details concenlina present and past environmental corrective ac:ions bv 
the Company and ucilizacion of outdated, misinterpreted 1nforinat1on, :~::ed 
co give aA accurate account of current envirommental conditions ac che 
Texaa City Plane. 

In partiC\&lar tbo .. it ... concerning: (1) The acid pond, (2) Radioaccive 
Burial 1ite, (3) Cataly1t Stora1•. (4) Slags, CS) Rainfall run-off and 
surface vater ccnLtaaiaation, (6) Emptied ponds, (7) Ground ~acer, 
(8) Aaibma coctaainated iron, "(9) Threats ~o public health, (lO) Ccnta:i~a:~ 
of railroad borl'OV ditch, (ll) Inadequate security, and (12) Emphasis of 
1979-1977 r.,orc•. 

tm l; ?be r91Jon emphasized "the acid po11d" and lead1 one to c.~e c;ii~1on 
th.ac the po1MI ii cr••Cinl 1ro11 emr1ronmental damage while the Cocpany ~a~e! 
no ef fort1 to all.8"11at• the conditioD. Nothing could be further f =~~ t~e 
truth. Th• Company ha• beec actively pursuing tha dispo1al of che :~~ui~ 
and closure of the pond. At th• time of th• ins~eccor's visit and :~ her 
knovltdl•• the C09llany in full cooperati01l with the Enforcement Div1s1o~ of 
the Texaa Departmetit of Water Resource• had: 



A. Co::::iencing in 1979 t:ie C1..m;i:my Si'e·1t !:i e~ . .::t:ss of 
SJ00,000 :o ;onscruct an cvapor~t1on S/Stem to 
concenc:ace the ?reduce !n t~e a.::!J ?Onds ~n an 
ac:e:pc :o be able to sell tne resultin; :erric 
chloride. !h!s plane v~s unsuccessful desp~ce 
cf :ores ~~de by the company over an 13 ~onth span 
and the expendi:ure of at le3~t '200,000 in 
orier~c.!.ng cos::.s. 

3. Resear;hcJ, developed 3nj submic:ed a ?lan :~ 
neu:rali:e the acid pond. The plan vas ul:~~a:e~y 
d!scarjed v~:h the concurrence o( the :D~'R bcca~~e 
of the volu:e of sl~dge gcner~ted. 

C. Co:piled and subc!ttcd an 800 page jeepwell 
injec:ion ap?lication to the TilWR. The appl.!.ca:ion 
vas encouraged by the Enforcement Division, 
accepted and approved by the U.t.C. and acted 
upon by CQ!C. The deepvell is co be totally 
devoted to the closure of the acid pond. 

CCMC had ;>reviously :ade efforts co mitigate the impact of the ac!.i ::ir..-; :y 

(A) Routi~I plant side pond leakage through the plant 
d:ainage syste11 and treecing it in the Nl'DES li~e 
and settle treatmeilt system. 

(B) Oam=ing and recirculating cont:mainaced Wah Chang 
ditch water through the plant N?D!S system. The 
dam was left in place until obvioua flooding of 
nt 519 necessitated r91110Val. Th• CoGll)any has 
offered co Jerry Sawuiara, !.P.A., Region vt, co 
install a new dam and treat the ditch water• until 
th• contents of the acia pond h.ive been injected. 

Claims of eroaion aad berm illStability by the 1napector were subjec:ive ar.d 
untrue. Aerial Jicturea taken year• ago shov virtually the same degree of 
eroaion aa •xi•t• today. The b•rm• were stable enough co withstand 
undiminiahe4 hurricane vinda and rain in both 1961 and 1983 wicho~: :oss of 
the content• or structural intearity. 

All the above was known by the inspector who neglected for ~n~nc~~ :easons 
include Chea in the report. Contrary co the impresaion given by :~e :epcrt 
GCMC ha• aDd continue• to seek a satisfactory solution to the ac~: ?cr.d. · 
Company ha9 contracted Colden Strata Services and McClellan Eng1~eer1ng fo: 
the detail engineering and iaatallation of the deep vell faci:i:y. :~e 
estimated project cost of l.2 million dollars should demonstra:e :he ser!ot 
of the cOlllllitmenc th• Company has made to an enviroamentally acce?:a~le so 
co the acid pond. 



.- ,, 

!~!.'i ~: 7l':e re~o:it ':'J.l:ie:i ::i~ 3~ec::t.! Jf ..!tl 1..:-:~on::~::~J =-a: ... -~.:: .. : 
l.J.nd!ill 1.1hich is ;:a:an::1 un:r.e. :'~I! :.Jn1JL::1 ti; h.::. :._.:·~.;-! ~ __ 
7c=xas Oe;J.Jr::"l~"lt c: -i.!3.:!'L ._-.~er :.t:c'1:.<! :.o. a-t:70. Tl-.e g~assv .::.- __ _ 
silicate slag i~ ::om 3 ,i!Jt study on ch~ ~xcr~c:ion o~ b1s=u:h f:_- 3 

~is~uch-u:3nium c3t~ly~c. ?r~duccion operations •ar~ never att~~i::~:. 
!he slag fro~ the pilot was buri~d in a ~~nner chat met or excecced :~~ 
:equi:e~encs. Appro~1:3tely 10.3% of the al!~w3ble uraniu~ c:~:e~: ~= 

so ouried. :~e site is ~r~perly capped 1.1ith clJ.y, ~arked above s==~~c 
wi:h :our feet of ver:!cal granite ~arker and duly recc:ded !~ :ne ;:::;:e:: · 
deed. !he site h3s been inspected by ~H ?ersonnel several ci:es ~~c -ce:s 
all criteria. All of the above was ~ade known co the inspec:or ~-: ~as 
neglected in the ccncenc and summation of ch~ report. 

IT!.~ 3: The report notes spent catalyse and metallic solids ~n assc::a::;~ 
w1ch toxicity and contat:iinacion. GOiC stockpiled catalyst !n ant:::~~:::~ 
of building a plant co extract valu3ble metals, i.e. tungsten. GC~C ?e:
fo~ed ~.P. coxic~cy cests on :he catalyse even thcugh th! =acer!al ~as ~~= 
considered a wasce. The RCRA cases affi~ed the nontoxic r.o~reac~:· ~ -l:-= 
of the catalyse, ::herefore che material was cons1~ered safe for Ot,.:s:ce s:: 

GCMC realized the TD~"R was concern~d V•th th~ catalyst ~corage ~~~ ~~=-:=~~ 
data to ~r. Bob Lee, Enforce~enc, TDtJR. The data clearly shows c~ac :~e 
proble2 cf the cat3lysc is visual i~pact rather than environ::en~al 1~?=~::. 
COfC made further efforts to alleviate TDWll concern by mcving ll,266,v~O 
pounds of catalyst co inside storage for future use 3nd dis?osing of 
6,500,000 pounds of low grade material. The disposal ~as ac C~e~-~~s:e 
Managr.11ent's Pert Arthur secure l.indfill. ~farketable rc:r:ain.:.:1g :~::;~_.s:s 
have been retested co RC!A standards. RCRA 3nalyses attac:1ed. 

The catalyses have ol~ays been scored inside the diked plane lrea ~~e:e a:: 
contact and noncontact rainfall is collected and dircc:ea to :he ~?~~S sy~: 

!he inspector was aware of cha cesc results submitted to che TDw"R, Cc-?a~y 

efforts to remove catalyst frOlll outside storage, disposals, ar.d c~: ~-~-~g 
with draina1• to the NPDES system. 

ITEK 4: The report noted sla1 materials genera:ed by the nonferro ... s 
smeltina oparat10ft9 and implied toxicity and water contamination. :~e :~~'R 
haa collected aad analyzed the slag• frOll cha operation• on numerous 0=:3si 
but have never notified the C011lpany of any adverse results. The co~p3ny 
submit• cha att~chad analyse• ca the old and nev slag1 as proof of the i:1e: 
nonextractabl• nonharmful n~cure of the material. Th• analyses are :~r :c: 
coatauc, !.P. toxicity and the deionized water leachaca. The ins;ecco: ~as 
aware thac the material waa inert and disposed on C0111pany property u~~e: :: 
Texaa Solid Wasta Coda nWDber of 371370. 

ITEM 5: The report claimed contamination of surface water and r~i~fall 
runoff. The report led one co assum. uncontrolled runoff from all areas c! 
the plant to adjacent surface waters. To r~iterace. the inspector ~as ~~a: 
that the total plant was berm,d, all w~ter colle~ted and pW11ped to c~e :;?~: 
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REF 

ECOLOGY ANO ENVIRONMENT, INC. 
REGION VI 
PIE~ORANOUM 

TO: Keith Bradley, Region VI • RPO 

FROM: R. Roblin, FIT - Geologist~ 
THRU: IC.H. Malone, Regfon VI - RPM ~ 
DATE: Octobe,..,, 1985 

SUBJ: Drinking Water Well Survey at Te1-Tfn Corp., Teras City, TX (TXZ364) 
TDDIR&-8509-U 

FIT inember, Ray Roblin, was tasted to ~onduct 1 dr1nt1ng water well survey 
withfn 1 l mile radius of Tea-Tf n Corp. (AKA &ulf °'emfc1l Metallurgy), fn Teias 
Cfty, Te11s. This area includes parts of the c1t1es of T111s Cfty, La Marque, 
81,,ou Vista and the extreme eastern edge of Hitchcock, Texas. The survey ••s 
con~ucted on Stptenber 30 and October 1, 1185. 

The ••f n purpose of thts f nvestfg1tf on ••s to 1scert1fn lfhether any residents of 
the 1re1 art presently using grollftdwattr for d011tsttc supplies. The main 
aquifers of concern art the two upper sand untts which are 1ssocf 1ted with the 
8e11111ont Formation of late Pleistocene Age. The le11111ont For'lllation cons;sts 
aostly of clay, silt, sand and includes 111fnly stremi channel, point bar, 
natural levee and bactS•llllP deposits, and to a lesser e~tnt coastal •arsh and 
mud flat deposits. Its thfctntss ts approai•attly 100' tn the fnvestfgation 
1re1. Lower str1tigr1phfc Pletstocent units th1t art not water producers are 
the Mont90111ry Forin1t1on and the llntlty For111tfon. 'nltst units cQllPrf se 
1pproafm1t1l1 150' of section. Below those units ts the W1111s Fof'lllation also 
of Plefstocent Agt. n.11 untt consists llOStly of clay, stlt, sand 1nd minor 
st11ceous gr1vt1 of granule to pebble 9r1fn sf11. The V1111s ts tht neat lowest 
water bearing fon111tfon btlaw the lt11111Gnt Fof'91t1on, 1nc1 f tr thfctntss is 
1pproaf•1ttl1 75' (Sellers tt.11., 1181). 

Tiie tnttfal 1nv1stfg1tton focused on the loc1t1on and e1ttnt of ttte cftfes of La 
Marque and Ttall Cfty•s water lines tn relation to tht art1 of concern. Mr. Ron 
Fleenor of the ettf ts of La MlrQut and Te11s Ctty•s ••ttr dtpart11tnt ••s 
fntervftwed. Ml stated that •••• 

-City water ltnes serve all ~esfdtnts wfthtn tht city 11•1ts tnstde the 
three •tle rldfus frCll tht sftt. 

•LI MarQut has 3 deep (800'·8'0') water wtlls that are •a1nt1fned for 
eniergenc1ts only and ~t thfs tf .. only 2 art oper1tfon1l. 

-In a recently 1nne1ed area. the~e were l private wells. These .ells •~e 
ysed for la.,, ••tertng only. 
(Fleenor 9/30/85). 



The three pr1vate wells referred to by"'· Fleenor are located trtst 
1ppro11rn1tely Z 1/2 111i1es. The wells are 30', •o· and lZO' 1n depth of the site 
respectively. The wt11s are shown on the attach~d map to reference l. 

Ms. Fay Frabon1 of the Galveston County Mun1c1pal Water 01str1ct ••s 
concerning 1 beach house co111nun1ty that 1s located approx1rnate1y 1 m 1 ~nte~v1e"'~ the s1te, Which 1s the City of B110u V1st1. ' sout11 of 

-Bayou Y1st1 1s supp11ed with water fr0111 the Galveston County System 
uses no ground water (Frabon1 9/30/BS). •no 

The conmun1ty 1s 1dtnt1fitd on tht attached ••P as Reference z. Directly 
of B110u V1sta1 north of State Road 6, Just 111st of H1ghhnd 11,ou, 1s 1,, 0~ 5 ; 
small beach house C011111un1ty cons1st1ng of 1ppro11m1tely 60 hOllts. These ,, 0~' ire supplied by ZS wells. Thts tnformatton w1s dtter111tned by c1nvastng the es 
c011111Un1ty. Most (~SI) of these homes are used only on weekends and holld•Y\ 
according io resident, R1lph Heintz of 711S W. Hunter Drive, Hitchcock, Teies 
Mr. He1ntz st1ted th&t h1s well 1s ZlS' deep and that llOSt 1n this co11111un1t ~r _ 
1lso 1ppro1tm1tely 200' deep. By checking drillers Will logs, f11ed •1th 1 e 
T .o.w.R. 1n Aust1n, 1t least 3 of these wells ire between 97'-105' which h 1" 
the 1qutf1r of concern (Tl*R). Th1s cammun1ty ts located on the attached 111ap to 
Reference 3. 

Ms. Rose Tt1~1s, C1ty of Hitchcock Water Department w1s contacted concerning the 
extent of water lints. 

-City water lines 11tend to the1r c1ty 11mtts 1n the western tdge of tl'le _ 
1nvesttgatton 1re1. 

-water ts supplied by the Galveston County Municipal Syst81 
(Te111s 10/1/85). 

In conclusion, no other 1ndustr11l or 1~1gat1on 1fells were located w1th1n the 
1tfvest1gat1on area. 1'11 CC11111Un1ti1s within the l •111 rld1us of the site are 
suppl 1ed water by the Galveston County Mun1c1pal Syst•. The only domestic 
.. lls uslcl for drinking water are tht 25 .. lls located 1n the unanneied beacft 
house comun1ty 1ocatld wtst of Highland 11,ou. At 1111t thrH of these wells 
ire 1n the aquifer of concern. .~ 
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Reference 10 

Letter Concerning Tex Tin Corporation; 

From Robin Morse, F.sq., Baker and Botts, 

to Bob Hannesschlager, EPA Region VI; 

July 15, 1985 
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Mr. Bob Hannesschlager, Chlef 
Superfund Branch (6AW-S) 
U. s. Environmental Pro~ectlon Agency 

- Reglon VI 
1201 Elm Street 
InterF1rst Two Bu1ldlng 
Dallas, Texas 75270 

4CO .-csr r oo•tt-..·- s·=::::-

July 15, 1985 

VIA 
FEDERAL EXPRESS 

RE: Tex Tin Corporation - Texas City, Texas 

Dear Mr. Hannesschlager: 

As counsel for Tex Tin Corporation, we have 
recently been informed that the Texas Department of Water 
Resources has forwarded a Superfund rankinq packaqe to 
Region VI with =espect to Tex Tin's Texas City, Texas plant. 
We have been supplied with a copy of the rankinq package by 
TDWR and have reviewed it with company representatives. The 
purpose of this letter is to inform Region VI that, as 
explained below, the TDWR assessment appears to be grossly 
dlstorted and should not serve as a basis for Superfund 
action. We would urge Reqion VI to reJect the referral 
action and are ready to work with EPA in order to obtain a 
truer understanding of the environmental situation at the 
plant. 

Beqinninq with Fiqure 1, the •HRS Cover Sheet•, we 
would first note that there is no formal state enforcement 
action now pending. The referenced lawsuit was dismissed 
for want of prosecution on December 12, 1984. 

Tlirning to the next paqe, entitled •ract Sheet", 
there are .!!2 "hazardous waste• facilities at the plant. The 
plant's wastewater is not a listed or characteristic hazard
ous waste stream under RCRA. As for the referenced acid 
ponds, including the 18 million qallon pond alleqed to 
contain •h1qhly acidic ferric ehloride waste•, these units 
are all exempt from RCRA pursuant to 40 c.r.a. 
9 261.4(b) (7), the exclusion for wastes :esultinq from the 
extraction and processinq of ores and minerals. Further
more, the company has been pursulnq an active proqram of 
neutral1zat1on and removal 1n connection w1th the old acid 



Mining Waste NPL Site Summary Report 

Torch Lake 
Houghton County, Michigan 

U.S. Environmental Protection Agency 
Office of Solid Waste 

June 21, 1991 

FINAL DRAFr 

Prepared by: 

Science Applications International Corporation 
Environmental and Health Sciences Group 

7600-A Leesburg Pike 
Falls Church, Virginia 22043 



"""' 
\ 

DISCLAIMER AND ACKNOWLEDGEMENTS 

The mention of company or product names 1s not to be considered an 
endorsement by the U.S. Government or by the U.S. Environmental 
Protection Agency (EPA). This document was prepared by Science 
Applicat1ons International Corporation (SAIC) in pan1al fulfillment of 
EPA Contract Number 68-W0-0025, Work Assignment Number 20. 
A previous draft of this report was reviewed by Jae B. Lee of EPA 
Region V ((312) 886-4749), the Remedial Project Manager for the 
site, whose comments have been incorporated into the report. 
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TORCH LAKE 

HOUGHTON COUNTY, MICJUGAN 

INTRODUCTION 

This Site Summary Report for the Torch Lake Superfund Site is one of a series of reports on mmmg 
sites on the National Prionties List (NPL). The reports have been prepared to support EPA's mining 
program activities. In general, these reports summarize types of environmental damages and 
associated mining waste management practices at sites on (or proposed for) the NPL as of February 
11, 1991 (56 Federal Register 5598). This summary report is based on information obtained from 
EPA files and reports and on a review of the summary by the EPA Region V Remedial Project 
Manager for the site, Jae B. Lee. 

SITE OVERVIEW 

The Torch Lake NPL Site is located on the Keweenaw Peninsula of Upper Michigan (see Figure 1). 

For over 100 years, the area surrounding Torch Lake was the center of Michigan's copper rruning, 
smelting, and milling activities. Over 10.5 billion pounds of copper were processed in the area 
between 1868 and 1968 (Reference 2, page 5). Copper-contaminated tailings were pumped, with 
process wastewater, into Torch Lake or onto property around Torch Lake (Reference 1, page 1-2). 

An estimated 200 million tons of tailings were pumped into Torch Lake, reducmg its volume by at 
least 20 percent (Reference 2, page 5). 

The surface area of Torch Lake is 2, 717 acres; it has a mean depth of 56 feet and a maximum depth 

of 115 feet (Reference l, page 1-1). Several small creeks and the Trap Rock River discharge into 
Torch Lake (see Figure 2). The Torch Lake watershed is approximately 77 square miles. The 
primary land use in the watershed is farming of northern hardwoods and a few dairy and potato 
farms. The communities of Lake Linden (population 1,181) and Hubbell (population 1,278) are 
located on the west side of Torch Lake (Reference 1, page 1-2). Torch Lake feeds into the 
northeastern arm of Portage Lake and then into Lake Superior, via the Portage River. The Portage 

Lake and River are part of the Keweenaw Waterway, a shipping channel across the Keweenaw 
Peninsula. Torch Lake is 14 miles from Lake Superior (Reference 2, page 1). 

In 1983, the Michigan Department of Public Health (MDPH) issued a fish consumption advisory on 
all Sauger and Walleye caught in Torch Lake (Reference 1, page 1-6). Also in 1983, the 
International Joint Commission's (UC) Water Quality Board designated Torch Lake as a Great Lakes 

1 . 
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Torch Lake 

Area of Concern (AOC). This designation was based on MDPH's fish consumption advisory, the 
frequency of tumor occurrences in fish, the presence of metal-contaminated sediments, and the history 
of mining and disposal practices m the Torch Lake area (Reference 1, page 1-7). 

Torch Lake was listed on the NPL in June 1988 (Reference 2, page 6). The Torch Lake Superfund 

Site has three Operable Units. Operable Unit 1 includes surface tailings and the contents of buried 
and submerged drums along the western shore of Torch Lake. Operable Unit 2 includes the 
potentially contaminated media in and around Torch Lake. The media to be investigated include sou, 
ground water, Torch Lake sediments. surface water, and the biota (Reference l, page 1-10). 
Operable Unit 3 includes other tailings sources in the mid-Keweenaw Peninsula. including the North 
Entry, the northern portion of Portage Lake, and tributary areas (Reference l, page 1-11). In 
September 1988, a Remedial Investigation and Feasibility Study were initiated, by EPA, for Operable 
Unit 1 (Reference 2, page 6). The Remedial Investigation for this Operable Urut was completed, and 

the report was submitted to EPA in November 1990. Remedial Investigations for Operable Uruts 2 
and 3 are currently in progress. 

OPERATING lllSrORY 

Mining of an elemental copper belt extending from the northern tip of Keweenaw Peninsula (100 
miles to the southwest of the site) began in the 1860's. The first copper mill along the shore of 
Torch Lake opened in 1868. At the mills, copper was crushed, grinded, and driven through 
successively smaller meshes. Copper and crushed materials were separated by gravity in a liquid 
medium. The recovered copper was sent to a smelter, and tailings were disposed of with process 

wastewaters into Torch Lake or on land around Torch Lake. Mining activities in the Torch Lake area 
peaked between the early 1900's and 1920 (Reference l, page 1-2; Reference 3, page 2). 

Beginning in 1916, technological innovations allowed for the recovery of c0pper from previously 
discarded tailings in Torch Lake. The submerged tailings were collected, screened, recrushed, and 

gravity-separated at one of three reclamation plants (Reference l, page 1-3). These plants included 
the Calumet and Hecla (1916), the Tamarack (1925), and the Quincy (1943) (Reference 5, page 2). 
Initially, an ammonia-leaching process was used to recover copper and other metals from the tailings 
(Reference 1, page 1-3). By 1917, a flotation process that agitated ore, water, oil, and chemical 
reagents became economically feasible. The flotation process created a froth that would support 
copper-bearing particles. Typically, the reagents consisted of SO percent coal tar, 15 percent pyridine 
oil, 20 percent coal tar creosote, and 15 percent wood creosote. In 1926, xanthates were added to the 
process. After the flotation process, the tailings were discharged into Torch Lake (Reference 5, page 
2). 

4. 
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During the 1920's, copper mining had decreased, and processing of mine tallmgs had increased. 

Beginning in the 1930's and contmuing until the 1960's, mills operated mainly to recover copper 
from tailings piles. The last mill closed in 1968. In the 1970's, copper recovery plants again began 
operating in the Torch Lake area. The only discharge to Torch Lake from the copper recovery plants 
was noncontact cooling water. By 1986, only one small copper recovery plant was still operating 
(Reference l, page 1-3). 

An estimated 5 million tons of copper were produced in the Keweenaw Copper District of Michigan 
from the 1860's to 1968. More than half of this was processed along the shores of Torch Lake. 
Between 1868 and 1968, an estimated 200 million tons of tailings were discharged into Torch Lake, 
reducing the Lake's volume by 20 percent and dramatically changing the shoreline (Reference 1, page 

1-3). 

SITE CHARACTERIZATION 

Copper~re tailings are present in and around Torch Lake and other areas of the Keweenaw 
Peninsula. The sources of contamination in Operable Unit 1 are: (1) tailings and associated debris 

and flotation chemicals; (2) drums in the tailings; (3) drums in Torch Lake; and (4) industrial 
chemicals. The potential pathways for the transport of contaminants to receptors include air, ground 
water, surface water, and sediments. Humans, terrestrial organisms, and aquatic life may be exposed 
to contaminants through ingestion, inhalation, and direct contact. The contaminants may become 
more concentrated in fish and fauna through bioaccummulation (Reference 1, page 1-9). 

Mme tailings are divided into two categories. The first category involves tailings resulting from 
crushing and gravitational separation process. The contaminants of concern in this tailings category 
are arsenic, copper, lead, and zinc. The second category of tailings includes tailings that were 
reprocessed using the flotation process. The contaminants of concern in the reprocessed mine tailings 
include arsenic, copper, lead, zinc, and the industrial chemicals used in the flotation process (lime, 
pyridine oil, coal tar creosotes, wood creosote, pine oil, and exanthates) (Reference 1, page 1-8). 

Drums have been visib}y observed in tailings piles on land and identified by geophysical 
investigations of submerged tailings in Torch Lake. The contents of the drums are not documented, 
but it is rumored that striking mine workers may have placed explosives in some of the drums and 
buried them in tailings piles (Reference 1, page 1-9). 



Torch Lake 

Debris from an electrical materials/copper reclamation facility is mixed with tailings in areas of 

Operable Urut 1. The contaminants of concern associated with this reclamation facility are asbestos, 
metals, and Polychlorinated Biphenyls (PCBs) (Reference l, page 1-9). 

In 1989, magnetometry and Ground Penetrating Radar were used to detect buried and submerged 

drums m tailings piles (Reference 1, page 2-1). EPA Technical Assistance Team (l'AT) personnel 

collected samples from eight drums exposed on the surface of tailings in Operable Unit 1 (Reference 
1, page 4-2). The sampling analysis indicated that seven of the drums had very low hazardous 

constituent concentrations as measured by Extraction Procedure (EP) Toxicity tests. None of the 

drum samples were considered hazardous based on Resource Conservation and Recovery Act 

characteristics of EP Toxicity. PCBs and pesticides were not found above detection linuts in any of 

the samples. The eighth drum contained 4,000 parts per million (ppm) of trichloroethylene. It lS 

suspected that the contents of the drum are not related to mining activities, but rather to illegal 

dumping (Reference l, page 4-2). 

The TAT assessment did not indicate that immediate removal of the drums was necessary (Reference 
1, page 4-2). Drum identification and sampling was to continue in 1990, but the results were not 

included in the November 1990 Remedial Investigation Report for Operable Unit 1 (Reference 1, 

page 4-1). 

Tailin"' 

The western shore of Torch Lake is lined with mine wastes from mining and associated activities. 

The tailings piles in Operable Unit 1 are subdivided into nine sectors based on historic mining 

practices, location, and field reco~ance work (Reference 1, page 3-2). Surface and subsurface 

samples were collected from tailings samples in all sectors (Reference 1, page 2-2). Tailings samples 
were analyzed for inorganic and semivolatile organic compounds, moisture content, grain-size 

distribution, Atterberg Limits, and cation exchange capacity (Reference l, page 2-3). 

Fifty eight surface samples were collected from a 0- to 6-inch depth and a density of 1 sample per 10 

acres. Surface samples were collected to assess the risk from inhalation and ingestion of fugiuve dust 

particles (Reference 1, page 2-3). Twelve subsurface samples were collected from a depth of 0 to 3 

feet and at a density of 1 sample per 20 acres. Subsurface samples were collected to obtain the 

necessary data to evaluate remedial action alternatives, particularly revegetation and dust control 
(Reference 1, page 2-3). 
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Analytical data for the tailings samples from Operable Urut l are presented in Table l. The table 

contains the ranges from surface and subsurface samples and background concentrations for the 
chemicals of concern. 

TABLE 1. SUMMARY OF INORGANIC CHEMICALS OF POTENTIAL CONCERN 
DETECTED IN OPERABLE UNIT 1 TAILINGS (in mg/kg) 

Tailings Concentrations 

Compound Surface Subsw1ace 

Aluminum 5,190 - 37,200 5,410 - 27,200 

Antimony 3 4U2 - 11.7 3.5 - 7.3 

Arsenic 0.37U2 - 8.3 0.47 - 14.4 

Barium 5.5 - 135 5.1 - 68 

Beryllium 0.18U2 - 1.7 0.18U2- 1.0 

Boron NA NA 

Chromium 10.7 - 46.3 13.6 - 42.7 

Cobalt 5.4 - 52.6 8.5 - 32.8 

Copper 72.3 - 3,020 699 - 5,540 

Lead 1.5 - 104 0.38U2 - 82.8 

Manganese 103 - 1,080 217 - 703 

Mercury 0.08U2 - 1.1 0.09U2 - 0.24 

Nickel 12.6 - 57.3 20.2 - 115 

Silver l.SU2 - 8.2 l.SU2 - 22.8 

Titanium NA NA 

Vanadium . 19.2 - 159 25.5 - 121 

NA - Not analyzed 

1The source of naturally occurring soil concentrations is Dragun, 1988. 
2Indicates the concentration was below the detection linut and was estimated. 

Source: Reference l, Table 4-1 
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Based on the sampling analysis, the Remedial Investigation concludes that the concentration and 

distribution of metals appeared to be similar in surface and subsurface samples. Concentration ranges 
from subsurface samples were withm or below the range of concentrations found at the surface. 

Copper concentrations in tailings samples were elevated above background soil concentrations. In 
summary, neither organic nor inorganic compound levels in tailings samples from Operable Unit l 

were found to be dramatically higher than background soil concentrations (Reference 1, page 4-3). 

In 1989, the U.S. Bureau of Mines sampled mine-tailings leachate and water quality and concluded 
that leachate from Torch Lak:e mine tailings was extremely low in comparison to leachate from 30 
other sites. The U.S. Bureau of Mines analysis indicated that very little metal is being released from 

Torch Lake tailings (Reference 1, page l~. 

The soils in the Torch Lak:e area are primarily sand and silty loams with some localized clays. The 
soils in the area have fragipans that develop 19 to 24 inches below the surface. The fragipans resist 
root penetration and water infiltration, directing surface-water flows laterally before penetrating into 
the ground-water system (Reference 2, page 4). 

A limited soil-sampling program was conducted to determine if particulates are being transported 

from tailings piles to nearby residential locations. Nine composite soil samples were collected Each 
composite soil sample consisted of four subsamples representing the comers of the property sampled. 
Although contamination was not apparent in the samples, traces of tailings and slag were noted 

(Reference 1, page 2-4). Complete characterization of the Torch Lake Superfund Site soils and a 

Risk Assessment of soils was not in the scope of the Remedial Investigation for Operable Unit 1 
(Reference 1, page 4-3). 

Table 2 compares soil-sampling ranges with typical background soil concentrations for the 

contaminants of concern. Chromium, copper, lead, nickel, and vanadium were measured in most soil 
samples. Copper concentrations exceeded background levels in all but one of the samples. Mercury 

levels exceeded background concentrations in four of the samples. Arsemc was at levels typical of 
background concentrations at eight of the sampling sites (Reference 1, page 4-4). 

Soil samples from residential locations generally had concentrations of inorganic compounds an order 
of magnitude higher than background concentrations (Reference 1, page 4-4). 
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TABLE 2. SUMMARY OF INORGANIC CHEMICALS OF POTENTIAL CONCERN 
DETECTED IN OPERABLE UNIT I SOIL SAMPLES (in mg/kg) 

Compound Range of Concentratiom Native Soil Concentratiom 1 

Aluminum 3,140 - 7,600 

Antimony U2 

Arsenic u 1 
- 1.00 

Barium u 1 
- lOLOO 

Beryllium U2 

Boron U2 

Chromium 5.90 - 20.10 

Cobalt U2 

Copper 58.30 - 459.0 

Lead 6.10 - 329.0 

Manganese 91.40 - 357.0 

Mercury 0 - 0.47 

Nickel 0 - 33.70 

Silver 1.5u2 

Titanium U2 

Vanadium 11.40 - 26.30 

1The source of naturally occurring soil concentrations is Dragun, 1988. 
2Indicates the concentration was below detection limits and was estimated. 

Source: Reference 1, Table 4-2 

10,000 - 300,000 

-
1.0 - 40 

100 - 3,500 

0.1 - 40 

-
5.0 - 3,000 

1.0 - 40 

2.0 - 100 

2.0 - 200 

100 - 4,000 

0.01 - 0.08 

5.0 - 1,000 

0.1-5.0 

1,000 - 10,000 

20 - 500 

The EPA TAT also co!lected three soil samples from the east side of Torch Lake during the Torch 
Lake Site Assessment. All the metals detected in the soil samples were within typical soil background 

concentrations and below maximum -concentrations for EP Toxicity, as regulated under 40 Code of 
Regulations Part 261 (Reference 1, page 4-4). 
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Surface Water 

Water enters Torch Lake from the Trap Rock River, and Hammell, Dover, McCallum, and Sawmill 
Creeks. The Trap Rock River is the largest discharger into Torch Lake, and the Trap Rock River 
Watershed covers approximately 58 percent of the Torch Lake Drainage Basin. An estunated 2,000 
kilograms per year of dissolved copper is transported through Trap Rock River and its tributaries into 
Torch Lake (Reference 2, page 1). Contamination of the surface water was not addressed in the 
Remedial Investigation for Operable Unit 1 but will be addressed during the Remedial Investigation 
for Operable Unit 2. 

Ground Water 

The U.S. Geological Survey sampled well water 10 1968 and 1977. Analysis of the 35 wells in 
Houghton County indicated that only 3 had specific conductance greater than 500 micromhos per 
centimeter. Sampling results from these two sampling periods indicated a high-quality water source 
for general use (Reference 2, page 4). 

All ground-water wells drilled on the west and north sides of Torch Lake are set in bedrock. Many 
Torch Lake communities and seasonal residents now get their potable water from municipal well 
systems or from an independent supplier. Some communities, like Hubbell, receive their water 
supply from Calumet, a larger community to the northwest (Reference 2, page 4). 

In July 1989, TAT personnel sampled seven private wells and two municipal wells (Reference 2, page 
10). Only one sampling location had a concentration of either organic or inorganic compounds in 
excess of the Maximum Contaminant Levels (MCL) or above removal acuon levels (Reference 2, 
page 20). The sample collected from the Lake Linden municipal well had an iron concentration of 
0.33 ppm. This is slightly greater than the Secondary MCL of 0.3 ppm for iron (Reference 2, page 
15). A detailed assessment of the ground-water contamination will be addressed during the Remedial 

Investigation for Operable Unit 2. 

The Michigan Department of Natural Resources (MDNR) collected air samples from four sampling 
locations (based on wind and population profiles) to monitor likely exposure points, emissions 
sources, and background conditions. Total Suspended Particulates (TSP) samples were collected for 1 
month (from August 14, 1989, to September 13, 1989). Samples were collected for 24-b.our periods 
every other day, resulting in 62 filters samples (Reference 1, page 2-4). The two filters with the 
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greatest concentration of TSP were funher analyzed for arsenic, chromium, copper, nickel, lead, and 

zmc (Reference 1, page 2-5). The sampling analysis indicated that mean ambient-air concentrations at 

the two selected monitoring stations exceeded mean background ambient-air concentrations for 
aluminum, arsenic, barium, copper, magnesium, iron, manganese, and TSP (Reference 6, Table 2). 

ENVIRONMENTAL DAMAGE'S AND RISKS 

By the 1970's, a century of mining waste deposition into Torch Lake had created an environmental 
concern. In response to a 1972 discharge of cupric ammonium carbonate leaching liquor from the 
Lake Linden Leaching Plant, MDNR reported the discoloration of several acres of lalce bottom 
(Reference 1, page 1-3). In its investigation, MDNR found 15 water-quality parameters within ranges 
commonly encountered in similar Michigan lalces. Heavy metal concentrations m lake sediments were 
within the ranges measured at 28 background locations, except for arsenic, chromium, zinc, and 
copper, all of which had elevated levels. Plant and benthic invertebrate analysis did not indicate any 
water-quality changes (Reference l, page 1-4). 

Three months after the spill, researchers from Michigan Technical University (MTU) cited the spill as 
the cause for a temporary depletion of oxygen, elevated copper levels, increased pH, and increased 

carbonate alkalinity. Bioassays indicated that portions of the Lake were toxic to macroinvertebrate 
amphipod species (Reference l, page 1-4). 

Torch Lake has supported a diverse fish population; although the fish biomass has remained the same, 
there has been a change in the dominant predator fish species. The change in dommant species may 
be a result of changes in turbidity or lalce chemistry (Reference 1, page 1-4). 

In 1973, an MTU graduate student observed abnormalities and lesions in Sauger and Walleye, and 
reponed this finding to the MDNR. Subsequent pathological tests revealed that these two species 
were affected by three types of neoplasms (including hepatomas, dermal fibromas, and gelatinous 
masses) (Reference 1, page 1-4). In 1983, MDPH issued a consumption advisory for Saugers and 

Walleyes caught in Torch Lake (Reference 4, page 1). This fish-consumption advisory was still in 

effect as of November 1990. 

Solely on the basis of the fish-consumption advisory, the UC's Water Quality Board, in 1985, 
designated Torch Lake as a Great Lakes AOC. In 1987, MDNR presented the UC with Phase I of a 
Remedial Action Plan for Torch Lake. The plan called for the annual stoclcing of Walleye and 
Sauger and a 1988 sampling of these species (Reference 4, page 1). In March 1990, MDNR reached 
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the conclusion that the 1988 sampling data did not support the continued fish-consumption advisory 
for these species (Reference 4, page 3). MDNR reached this conclusion for the following reasons: 

• Only 4 of the 56 fish samples bad mercury concentrations that exceeded O.S milligrams per 
kilogram (mg/kg) consumption advisory action limit, and none exceeded 1.0 mg/kg. The fish 
from Torch and Portage Lakes were among the least contaminated fish in Michigan's Fish 
Contaminant Monitoring Program (Reference 4, page 1). 

• No internal or external growth abnormalities were observed on 458 fish collected. Cancerous 
growths were not found on any fish livers during either the 1988 or 1985 fish collection and 
sampling periods. MDNR acknowledges that liver neoplasms (cancerous growths) have 
declined to near background levels, but additional studies need to be conducted to determine 
the background frequency of liver cancer in fish (Reference 4, page 1). 

• Saugers have been m steady decline in Torch Lake since the 1960's, and this has been 
attributed to a decrease in lake turbidity. Saugers are a turbid-water species and when the 
Lake water cleared after mining operations ceased, the Saugers lost their competitive advantage 
over other fish species. Torch and Portage Lakes are no longer considered important Sauger 
sports fisheries (Reference 4, page 3). 

• Bioassays of Torch Lake surface water and sediments have not indicated the presence of 
carcinogenic substances (Reference 4, page 3). 

In a study of heavy-metal concentrations in Torch Lake sediments and mining wastes, it was 
concluded that, although the tailings are directly contaminated with arsenic, chromium, copper, lead, 
tm, and zinc, the water m Torch Lake is not directly contaminated with heavy metals. Furthermore, 
heavy metals may be entrained in wind currents, but they do not represent a serious human health risk 

(Reference 1, page 1-5). 

The copper and hydrologic budgets were calculated for Torch Lake to determine the amount and 

sources of copper entering Torch Lake. Over 96 percent of the copper input is from surface runoff, 

3 percent is from precipitation, and 1 percent is from ground-water inflow. Copper loss occurs by 
outflow into Portage 4Jce. The copper budget indicates an annual net loss of dissolved copper. 
However, copper concentrations have been relatively stable for the past 14 years. Therefore, it was 
detemuned that precipitation, complexation, dissolution, absorption, and diffusion control dissolved 
copper concentrations (Reference 1, page 1-5). 

In a 1988 Preliminary Health Assessment for Torch Lake, the Agency for Toxic Substances and 

Disease Registry (A TSDR) concluded that the site is a potential public health concern because of 
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possible exposure to unknown etiological agents that may create adverse health effects over time. 
Although Torch Lake is currently contaminated with mine tailings, there are no known health effects 
linked to this contamination. The incidence of cancer deaths from 1970 to 1981 was cited at or below 
the State average for age-adjusted stomach-cancer mortality. Furthermore, A TSDR concluded that 
there was no mdication that human exposure is currently occurring (or has occurred in the past) 
(Reference 1, page 1-6). 

According to the EPA Region V Remedial Project Manager, the Risk Assessment section that 
accompames the Remedial Investigation for Operable Unit 1 is sttll under review and will be 
forwarded to EPA in June 1991. Quantification of the ground- and surface-water pathways were not 
included in the scope of work for the Operable Unit 1 Remedial Investigation. Ground-water 
contamination from Operable Unit 1 tailings is being addressed in the Operable Unit 2 Remedial 
Investigation. Likewise, surface-water and sediment contammation are being addressed m the 

Operable Unit 2 Remedial Investigation. The potential contamination from the drums in the tailings 
of Operable Unit 1 will only be addressed after additional drums are located and sampled (Reference 
l, page 5-1). 

REMEDIAL ACTIONS AND COSTS 

The Torch Lake area has undergone a number of remedial actions since the closing of the last mill m 
1968. Previous remedial actions include: 

• Since the 1960's, attempts have been made to establish vegetation on tailings deposits on the 
shoreline of Torch Lake (Reference 1, page 1-8) 

• The Portage Lake Water and Sewage Authority has sprayed sewage sludge on the tailings to 
promote vegetative growth on the southwest end of the Lake (Reference 1, page 1-8) 

• As per the Torch Lake Remedial Action Plan, annual restocking and periodic sampling of 
Saugers and Walleyes have been accomplished (Reference 1, page 1-8) 

• The wastewater treabnent facilities in the communities surrounding Torch Lake have been 
upgraded (Reference 1, page 1-8). 

13 
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Remedial actions for the Torch Lake Superfund Site are still under development. None of the three 

Operable Units have documented a remedial action in either a Record of Dec1s1on or a Feasibility 
Study. The Feasibility Study for Operable Unit 1 is still under development, and will be completed in 

fiscal year 1991. 

CURRENT STATUS 

The Remedial Investigation for Operable Unit 1 was completed and submitted to EPA in November 

1990. The Feasibility Study is still under development and should be available by the end of fiscal 
year 1991. Field investigations for Operable Units 2 and 3 were completed in 1990, and as of May 

20, 1991, the data was being reviewed. The Remedial Investigation for Operable Unit 2 will be 

submitted to EPA in June 1991. The Remedial Investigation for Operable Unit 3 should be completed 

by the end of fiscal year 1991. 
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1.0 Ill'l'IWWCfiml 

Section No.: l 
Rev111on No.: o 
Datt: Novemctr l990 

Donohue , Aaaoc1atea, Inc. (I>onobut) 1• subm1ttin9 this Remedial Invtsti9at1on 
(RI> Report for Optrablt On1t I coo I> for the Torch Lake Superfund S1tt. 
Thi• RI Report 1• aubaitttd to tht D.S. Environmental Protection Agency (?PA) 
iD re1ponat to Work Assi;nment Mo. 02-SLSB under Rt91on Y ARCS Contract 
tlO. u-wa-oou. 

Tbt rational• and scope of work for the Torch Lakt Remedial Invt1ti9at1on/ 
Fea1ibilitr Study (RI/?S) 11 described in the Torch Lakt RI/FS Final Work Plan 
(Rtvi1ion 1) (Donohue, l98ta). Th• Torch Lake RI/15 will be conducted as 
three operable units. 00 I includes tbt primary contaminant 1ource1 of 
surface tailin91 and drua conttnt1 in tht primary 1tudy area, on the western 
abort of Torch Lake. Thi• OU bat been 1dent1fitd a1 po11ibly requ1r1n9 
1eparatt and earlier r•••diation than other media, from a human ri1k 
perspective. OU II 1nclude1 other potentially contaminated mtd1a in tht 
primary study area. Tb••• ccmpri1e 1011, air, surface water, and Torch 
Lake1'1 1ub .. r9ed tailin91, ••d1mtnt, groundwater, and biota. OD III inclJdes 
other tail1a91 contaminant source• 1n the aid•Kev .. nav Peninsula, includi~9 

th• &ortb !Dtry, tbt northern portion of Porta9• LAke, and tributary areas. 

This report 1U1111arize1 the RI perfor11ed for OD I which includes primary c:n~a
ain&Dt 1ourc:e1 in 1urfact tail1n91 on the western 1h0rt of Torch Lake. The R! 
va1 perforaed to collect and evaluate data to 1upplt .. nt ex11tin9 data and 
for9 tb• ba1i1 for 111e11in9s (1) physical cbaracteri1tic• of OD I, (2) type 
and extent of contamination of 00 I, <ll environmental and human health r1s~s 
a11ociattd with otJ I, and (4) the need for and mtttioda to remtdiate 00 I. 
Activiti•• docu .. nted in tbil report include va1tt ctiaracttrization of OU ! 
tailia91 and druaa, characterization of du1t tais1iona, air pathway exposure 
modelin9, limited characterization of toil, and a11e11aent of buman health 
impact. 

'his introductory chapter pre1tnt1 lit• back;round and bi1tory, a 1u1111B.try ef 
th• RI/FS Work Plan rational• and approach includin9 the divi1ion of the site 
into tbr•• operable \lllit1, and the cr9ani&ation of th• rt .. inin9 chapters of 
the JU Report for QO l. 

1.2 SID IAaQd IVRD 

1.2.l Sitt tocation and Description 

'Tb• locatiOJa of tbt !orcb t.ak• Superfund Site is 1bovn on Fi;ur• 1-1. It •• 
located on th• Keweenaw Ptninaula in Boughton Cowit7, Mic:bi9an, at c1•N lati
tude, aa•w lon9itudt. 'forcb Lake 1• tributarr to Porta9e Lake, vhicb 1• pa:t 
of tb• Keweenaw Watervar tnat flov1 to Lake Superior. Torch Lake i1 about 
14 mi by water fro• t.ak• Superior. Torcb Lake tia1 1 aurfac• area of 
2,717 acre1, a mean deptb of s• ft, a aaximua deptb of 115 ft, and a vol~me of 
5.2 x 109 ftl. Tb• Trap Reck River and several small creeks d11cbarge i~to 
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Torch t.ak•· It• vater1hed is approximately 77 •i2• The watershed is forested 
witb aeccnd-trovtb northern b&rdvocda, and supports a few dairy and potato 
faraa. onlr a ... 11 percentage of th• watershed is residential or commercial. 
The co .. YDitie• of t.ak• Linden (pop. 11811, Hubbell (pop. 12781, and Mason are 
located on th• veat aid• of Torcb I.Ike. Torcb I.Ike is used for fi1bin9, 
boating, liaited contact recreation (1v1 .. in9J, non-contact cooling water 
1upp17, treated municipal waate assimilation, and wildlife habitat (Micni9an 
Departaent Of R&tural Re1ource1, 1987). 

1.2.2 Site History and Re1pon1e Action• 

Th• following 1ections describe· indu1trial biatory, environmental problems and 
1tudie1, r•91&latorr actiona, and re1pon1e actions pertaining to tne Torch Lake 
superfund Site. 

1.2.2.1 Industrial BJ.1tory 

Torcb take ii located in Micbigan•a copper ain1ng district. ror lOO years, 
tb• lake waa tb• 11te of aillin9 and •••lting facilities, a repository for 
copper aining and ailling va1te1, and a part of tb• vatervar used for trans
portation to support tb• industry. PRC Engineering, Micbigan Technological 
On1ver1itf (ll'rtJ) (Rose, W.I •• et al, 1986), and MDHR (Micbigan Department of 
Matural le1ource1, 1987J, b&ve compiled cbronol091e1 of Torch Lake's copper 
industry. Tile following summary of tbe cbronology 11 relevant to the types of 
b&zardou1 aateriala potentially impacting tbe eAvironaent. 

Deposits of native (elemental) copper are found in a belt extending from the 
tip of tb• Keweenaw Pe~insula southwest over a distance of 100 mil••· Copper 
mined in the region va1 native copper, found a1 a metal. Copper mining opera
tions had begun on tbe Keveenav Peninsula by the 18601. Th• first mill opened 
on Torcb I.Ike in 1168. At tb• mills, copper was extracted by cruabing or 
•stamping• tbe rock into saaller pieces, grinding tbe pieces, and driving them 
tbrougb 1ucce11ively 1aaller .. •b••· Tb• copper and crusbed rock vere sepa
rated by gravi .. tric 1ortint 1n a liquid eediiaa. Tb• copper va1 sent to a 
s .. lter. Tb• cru1bed roe:& particles, called •tailings• or •1taap1and1•, were 
discarded vitb mill proce11ing water, typically by pumping into tbe lake or 
waterway. The aillin9 proce11 va1 not efficient, and copper wa1 lost in t~• 
discarded tailint•· 

Minin9 output, •illin9 activity, and tailin91 production peak~ 1n tbe Tore~ 
I.Ike area ill tbe early 19001 to 1920. Minin9 company record• fro• tb1a ti~• 
describe bow aill tailin9s were pumped out into Torch t.ak• and deposited on 
property arOUDI 'forcll Lake. All of the •111• vere locat~ on the west shore 
of tbe lake. 

In about ltlf, adYanc:e• iD technology allowed recovery of copper froa tailinqs 
previously deposited ia !orc:ll Lake. Dred9e1 were used to collect submerged 
tailin91, vbic:ll were tbeD tcr .. ned. recruabed, and 9ravitr-1eparat~. An 
aaaonia leacbint proc:e11 lnvolvln9 cupric ...aniua carbonate vaa used to 
recover copper and otber .. tal• froa con9loaerate tailin91. A flotation 
proce1s aade it econoaicallf feasible to recover copper froa old tailing• ~~ 
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Torch Lake and was used tor reclamation at Torch Lake mills by 1917. The 
flotation pcoce1a involved a;itating ore, water, oil, and ch••ical1 to produce 
a froth that vould support copper-bearing particles. Curing the 1920s, chem1-
c.l reagents were used to further increase the efficiency ct the flotation 
pcoc•••· The cbe•1cal reagents included lime, pyridine oil, coal-tar 
creosotes, wood creosote, pine oil, and xanthate1. Th••• were used 1n various 
cc"1bination1 depending on the ore and proce11 water. After leaching or flota• 
tion at ceclaaation plants, chemically treated tailings were returned to th• 
lake, re1ultia9 le increased turbidity. 

During the 19201, •inia9 activities decreased, whereas tailings pcoce11in9 per 
•in• lncrea1ed over the prev1ou1 dee.de. Ic the l9l01 and l940s, the Torch 
Lake •ill• operated mainly to recover tail1n;1 1n Torch Lake. In th• 19501 
copper •1ll1 were still active, but by th• late 19601 copper m1ll1n; had 
cea1ed. The la•t •ill closed in 1968. 

over 5 million tons of native copper vere produced f roa this area, and more 
than halt of tbi1 wa1 prac:e11ed along the 1hor11 of Torch Lake from th• 18601 
until 1968. Between 1868 and 1968 at lea1t 200 •illion tons of tailin91 were 
dumped into Torell Lake, filling at least 20 percent of the lake's or191nal 
volume. Th••• deposits resulted in drastic changes to the shoreline. 

In th• early 1970s, exploratory research va1 conducted in th• Centennial Mine, 
resulting in a devaterln9 di1cbar9e into Slau9bterb0use Creek, a Trap Rock 
River tributar7. A small copper recovery plant continue• to operate 1n 
Hubbell, and di1cbar;es aon-contact cooling water into Torcb Lake <Science 
Applications International corp., 1986). 

i.2.2.2 li1tory of lavlroaaental Probleaa and Studi•• 

In the 1970s, environmental concern developed regarding the century-long 
depo1ition of t1ilia91 into 'l'Orcb c..Jte. li;b concentration• of copper and 
other heavy .. tall in !occb Lake water or 1edi .. nt1, toxic d11cbar;e1, and 
fish abnormalities prompted many inve1tigation1 into lon;- and ahort•term 
1mpact1 attributable to aia.-wa1te disposal. 

Th• academic and regulatarr cCllllWlit1•• have produced an extensive amount oe 
data, re1earcb, scientific literature, and reports r1;ardin9 Torch take'• 
complex enviro....atal probl ... (Micbiq&D Department of Natural R11ourc••· 
1987: Ro1e, W.I., It al., 19811 Warburton, 1986i Mlcbig&D Water Retources 
co11111is1ioa, 117)1 Vrigbt et al., 197li Black et al., 1982i a.s. EPA, 1987: 
Spence, ltlla). 

In 1972, cupric ...,niua carbonate leacbin9 liquor va1 d11cbarged into the 
north end of 'l'orcb t.ke froa 1tor19e vatu at the t.k• Linden Leaching Plant 
Th• Michigan Water Re1011rce1 co .. i11ion CMWIC) inveati95ted tbe spill (MWRC, 
1973) and reported tbat discoloration of several acr•• of lake botto• indi
cated previou1 d11cb&r9... Ro deleterious effect• to surface vacer quality. 
al;••• flab, oc bentbic .. croinvertebrate1 vere detected thr .. aontbl after 
tne discllar9e. To a11e11 effects fro• th• spill, MWIC compared result• erom 
its 1972 1nve1ti9ation to data from a 1970 MWRC 1nve1tl9ation. Except for 
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chloride &Ad copper, 15 water quality parameters 1urveyed were within ranges 
co11110nly encountered in Michigan lak•• of this type. Chloride concentr1t1ons 
had decreaiecl beeau1e of th• termination of mine devatering and the effect of 
~tural lake flu1hing. Dis1olved copper concentration• remained h19h, s1m1lar 
to 1970 levels. Heavy metal concentrations in Torch Lake 1ed1aents were 
within ran9•• .. asured at 28 background locations 1n M1chi9an, except for 
elevated levels of arsenic, chromium, zinc, and copper. Plant and benth1c 
invertebrate an&lJ••• did not indicate changes in water quality. Copper con
centrations in Torch t..k• flab were found to be l••• that tho•• measured in 
1970. Mercury vas found in fish in 1972, but this was attributed to th• use 
of ~lytical techniques that were more 11ns1tive than tho•• previously 
avaU~le. 

M'1'D re1earcher1 also exaain•d the alteration of Torch take vater quality after 
th• 1972 discb&rg•• (Wright et al., 1973). Th• cupric ammoniua carbonate 
spill• were cited as factors in temporary water quality changes, namely the 
depletion of oxygen through th• conversion of a1111en1a to n1trat1, elevated 
copper levels, increased p11, and increa11d carbonate alkalinity. Bioasaays 
1uggested tb&t portions of the lake were toxic to a aacroinvertebrate amph1?od 
specie. 

A diver•• fisb population b&s occupied 'l'Clrc:b t..ke and 1upported product1ve 
food and sport filbing. Altbougb game f11h bioma1s b&1 remained con1tant, 
chant•• iJl tbe doainant larger predator species, froa 1au91r to walleye and 
nortbera pike, and lack of 1auger reproduction and juveniles b&ve been 
reported. Illf8cts to do•l~nt flab predator specie• aay have been due to laKe 
chemistry or turbidity/habitat chant••· I~ 1973, abnormalities and 1111ons ~n 
Torch take sau91r and vall•Y• vere documented by an M'l'U graduate 1tud1nt and 
reported to th• MDHR. Subsequent pathological research was conducted in 1~79, 
1980, and 1982, and indicated that th••• tvo 1peci11 fr~ Torch take were 
commonly affected vitb three types of neoplaa .. including bepatomas, dermal 
fibroma1, and gelatinous mass••· No virus si-rticl•• vere observed, and the 
livers were found to be frequently atropblc. Pu9•beadedness in perch !us al10 
been observed at an incidence of greater tb&D l percent, vbicb i• •itnif1eant 
for flan. 

lentbic communitl•• have been reduced in areas of copper tailings, and b10-
assays bave sbowD tbe ta111n9s to be toxic (MEllGl, 1987). 

M'1'tJ researcber1, 1mder contract vitb the MDRI, ba•• conducted numerous 1tud~1s 
to determine po11lble illf8Ctl of copper minin9 va1te1 on th• environment of 
th• Torcb Lall• area. rive studi•• are discussed la tb• 1986 Project Comple
tion Report (teddf, 1911) and are summarized bere. 

A four-.ontb tU80r induction study was conducted 1A tb• laboratory to exam1~• 
the effect on fi1b liver bl1tol09y follovin9 static 1xpo1ure to creosote ar.d 
xanthat• flotation agent• in tb• presence of Toreb take sediment•. Causal 
rel&tlon1blpa vltb liver abnormalities or tUllOr occurrence ver• not concluded. 
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~ 1nvirOD11m1tai fate of xanth&tes and creo1ot11 vat examined u1in9 library 
and laboratory studies. x.tltb&te fate v11 studied by follovin9 th• de9rada
tiOD of pure compound• in tbt laboratory. Th• rate and m1chani1a of d19r1da
tioD vaa related to pH, and it va1 concluded that xanth&t11 would not be 
erpected to per1i1t in tbt 1nvirona1nt beyond one year. Toren take 11d1ment 
1ztract1 ver• analyzed for ten typical creosote polycyclic aromatic nydro
carbon (PABJ components. !igbt of tb111 compounds v1r1 not d1t1ct1bl1 in th• 
1tdia1nt 1ztr1ct1. Chry11n1 and b1nzo(1Jpyr1n1 v1r1 detectable, but tht 
10Grc1• could not bt d1t1rainl1!. Airborne p1rticul1t11 froa fuel combustion 
&9 vtll 11 ainin9 pollutants .. , h&Yt contributed to th• PAB content of Toren 
L.at 1tdiunt. 

A study r19ardin9 tumor incidence and parasite surveys of perch, valleye, and 
sau91r froa 'forcb t&Jct reported that parasite specie• and tuaor1 v1r1 observed 
ill th• tbr .. fi1b 1peci11, and abncrmaliti11 were ob11rv1d in perch, but no · 
direct relAtionsbip bttv11n parasite• and tuaor1 vaa found. 

Ia a 1tud7 of lltavy .. tali in Torcb take 11dia1nt• and •inin9 vast11, sedi
ment, tailin91, and airborne dust samples v1r1 analyzed for metals and mineral 
eoaposition. It vas concluded that though tb• 11dim1nt1 v1r1 enriched v1ch 
ar11n1c, cbroai~. copper, lead, tin, and zinc, Torch take water 11 not 
directly cantaainated vith beavy m1t1l1, and ttlou9b vinda stir up dust from 
1tamp1anda, it ii WllittlJ tbat airborne b••vr metals r1pr111nt a 11r1ou1 
huaan btaltb probl••· Tb• cbroaium, lead, tin, and zinc enrichatnt of sed1-
.. nt1 ln tb• vicinity of 8"bbtll 1• anomalous in r1f1r1nc1 to local mineral 
deposits, and ii attributed to contaainaticn froa electrical d1br11 and asso
ciated 1la9 at tbt reclamation plant near Bubblll. 

Tbt copper bud91t for 'forc:b Like va1 calculated vith the bJdrol091c budget to 
d1t1rw1n1 tbt amoWlt and aourc•• of copper 1nt1rin9 Torch t&Jct. Over 
91 percent of tbt copper input ii froa 1urfac1 :unoff, J percent i• f:om pr•
c1pitat1oa, and 1111 tb.aD 1 percent 11 froa 9roundvat1r. Copper 1011 occurs 
bf outflow throu9n torta9e t&Jce. con1id•ria9 exterDAl factors only, th• 
bud91t 1nclicat11 an annual aet 1011 of d111olved c:opper. Bovtver, no 119n1f 1-

cant chan911 in copper concentration• b1v1 occurred in th• past Lt y11:1. It 
v&1 th1r1fcr1 conc:llldtd tbat internal proc11111 (precipitation, co11pl1xat1on. 
di11olution, adsorption, and diffua1oa in 1ediunt pore vater) control 
dissolved copper concentratioaa. 

ta 1981, lrftr r .. earcblr1 coaducted 1 aac;netoaetrf inve1ti9atlcn of a ... 11 
1r11 of 1tamp9&Dd1. Tilt 1n ... 1ti9ation indicated tbt pr111nce of buried 
111tallic objeet1 near aia art• vnere many barrels are rumortcl to bav• been 
buried CSpeDCe, 1911b). 

In 1981, MDIII collected t55 fian, includin9 11 1peci11, froa Toren take and 
Portage take (Midli9aa Depart1191lt of Matural Re1ource1, 1919). Mo 11u91: were 
captured, and tnia rl%ity va• attributed to th• fact tbat turbidity in the 
vat1r1 baa d1cr1a1td. IO 1uapiciou1 9covtn. v1r1 observed, either 1xt1:nally 
or inttrnallJ• dur1Dt filb collection or liver preparation. tiver1 !:om 
32 valltft and bullhead• ver• analyzed. One vall•r• froa torta91 t..k• ~ad 
abnormal liver cell dt••lop .. nt, but th11 v11 not confirmed al a cumo:. T~• 
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other 31 livers were normal. The MDNR report compared th••• data tc prev1o~s 
studies a.nd concluded that th••• data 1tron9ly 1u99e1t that liver tumor 
inducin; agents &Dove background conctntrat1ona no longer exist in the Tore~ 
I.Ake - Portage I.At• fishery. t.ov contaminant levels in fisb flesh further 
1u99e1t reconsideration of the fish conaumption advisory. 

In 1988, tb• A9•nCJ fer Toxic Substances and Di••••• Registry (ATSDRl released 
it• Preliainary Bealtb Aa1e11 .. nt for Torch t.&ke (MDP!I, 1988), Site back
ground, previoua investigations, site v111t, potentially contaminated media. 
potential enviro1111ental and huaan expoaure pathva71, and demo9raph1c1 vere 
evaluated and diac:uased. 

Baaed on th• infozaation r••iev9d, it va1 concluded that tb• site ii of poten
tial public bealtb concern because of possible exposure to presently unknown. 
etiol09ic agents at level• that aay result in advert• bealtb effects over 
ti••· Although Torch Lakt ii polluted vitb copper and otb•r contaainants. no 
known bealth effects vere linked to tb• probl••· Tb• incidence of cancer 
deaths over tb• period 1970•1981 vas cited •• at or belov th• state avera9• 
for age-adjusted cancer 110rtalit7 except for 1toaacb cancer. Stomach cancer 
in the locale vaa linked vitb tb• predom1D&J1tly 5candinavian descent of tht 
population. 

Tb• A1'SDR report recoml9nded addition.al investigations regarding: Cll rumors 
abOut dumping of cbeaical1 and barrel• into tb• lak•• C2J contents of barrels 
found ln and around tbe lak•• (3J private well 1aaplin9 and analysis: (4l f 1sn 
populatloa reproduction and tlDIOr incidence: (5J causative agent of fish 
tumor•• (I) bu&IJl bealtb rl1k from flab conaumptioa. The ATSDR report also 
rec01111ended cleanup of abandoned buildings and industrial scrap materials 
vbich conatitut• pbysical hazards en tbe 1boreline of Torch take. 

Tb• A1'SDR concluded tbat although there is currently a potential for human 
exposure to contaminants, there art no indications in the rtviev conducted for 
tht ATSDR lealtb A11ea ... nt tbat human exposure i• actually occurring at th• 
present ti .. or baa OCC1arred ln tb• paat. Therefore tb• sit• i• not being 
considered for follovup bealtb studies at thl• tl... ATSDR vill reevaluate 
th• site for followup lf data become available 1u99e1lin9 bwaan exposure 11 
occurring or baa occurred. 

In 1989, tbe lareaa of Mla•• co.s. Depart .. nt of Interior, 1990) performed 
laboratorr evaluationa of tailla91 and vattr sample• from Torch take to dete:
aine tbe poteat1al for .. tala to adver••lr affect torch take. In general. 
metal conceatratiOD• of leachate• from Torcb I.Ake tailings sample• vere con
cluded to be estr ... lr low vben compared to talllnt• at over 30 other sites. 
Bureau of Min•• r .. ultl indicated that verr little ••tal ii being released 
frOll tbe forc:a Lake tail1at•• 

i.2.2.l 111torr of aegulatorr ActiOll8 

a.cause of t~ lAc:ideace of f11b tumors, in 1913 tb• Micbigan Department of 
Public Bealtb CllDlll) announced an advisory a9aln1t the consumption of Tore~ 
t.&k• 1auger and walleye. Altbougb no buman htaltb effects vere associated 
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vith fish consumption, MDPB i11ued the advisory a1 a preventive measure unt1l 
the cau1at1ve factor• of fi1b tumors and the potential ri1k1 to humans could 
be identified. The advisory i• •till in effect. 

In 1984, tbe B&zard Ranking System vaa applied by !PA to 1cor• tbe Torch Lake 
Superfund Site. The ait• va1 defined •• Torcb take, the northern end of 
Portage take, and the North Entry to take Superior, becauae at th••• locat1on1 
copper concentration• vere 11gni!icantly above background value1. Th• back
ground sample• vere obtained f roa tbe southern end of Portage take and the 
South Entry. 

In 1985, tb• O.S. !PA initiated.a re1pon1ibl• party search for tbe Torch take 
va1te disposal site. Three potentially re1pon1ible parties (PRPt) were 
identified and i11ued notice letters. In August 1988, negotiation• v1th these 
three PRJ11 vere concluded. In June 1988, tbe 'l'orch take Superfund Site vat 
placed on the O.S. EPA Rational Priority ti1t (NPt) for funding under the 
Compreben1ive !nvironaental le1pon1e, Compenaation, and tiability Act 
<CERc:t.A). A federal-lead IU/fS vas initiated at the site in OCtober 1988. 

Torcb take i1 on the Act 307 Nlcbigan Sites of !Dvironaental Contamination 
Priority tist. In 1985, M'ft1 re1earcher1 vere avarded funds from the MCNR 
through Act 307 to 1tud7 filh tumor probl••• in Torch take. 

In 1983, tbe International Joint Co .. i11ioD Water Quality Board de1i9nated 
Torch take aa a Great takes Area of Concern (AOC). An AOC 1• defined as an 
area vith known impairment of a des1C)1l4ted u••· The AOC i1 confined to Torch 
take and its shores on tbe b&aia of tbe fi1b consumption advisory, tumor 
frequency, .. tal-contaainated sediment• and tbeir impact on biota, and the 
hi1tory of ainin9 va1te disposal. In 1985, the State of Michigan designated 
Torch take a1 a C&te90r7 2 AOC baaed on the information ba•• available and 
prograas widervay. ID the ca•• of the Torch take AOC, the cau1at1ve factors 
vere WlJlnovn and an inve1ti9ation vaa underway. The 1it• can be removed from 
the ACC lilt wheD evidence is pre1ented that the del1C)1l4ted u1es h&ve been 
rHtored. 

The MDD completed a haedial Action Plan (RAJ) for Torcb take in 1987. The 
primary 9oal of tA9 IAP waa 1tated aa the re110•al of tbe fi1h consumption 
advi1ory •on the basil of itl i11uance•. Tb• objectives of the RAP were to 
••••able and aummari1• all exiotin9 data, identify i115N1ted de1ignated ~1e1, 
identify probl .. 10urce•• identify data gap•• propo1e furtber investigations. 
and propose alttrnati••• to restore designated u1e1 • 

. 
The impaired u1e1 of Torc:ll t.ak• were identified &11 (1) fi1b con1uaption 
becau1e of tbe 11)'8 &dvilOf!' affecting sport fi1berr for 1au9er and walleye. 
and (2) the reduced belltbic .. aroinvertebrat• community in locatioftl where 
•in• tailin91 Ila .. beea deposited. In tbe RAJ, the lllDRll cecoaaended that c~e 
AOC: be recla11ified becau••• external !11b tu.or• ll&v. been a11ociated v1cn 
viral infectiODlr fi1b tu.or1 are cOlllllOD in Great Lakes population11 all oc·er 
fisb in the co1111UDlty did not exhibit abnotaal grovthl and can be used for 
foodr tb• f isb aove fr .. 17 to Portage take and take Superiorr although not 
ae1tbeticall1 pleaaing, tumor• froa fi1h do not tran .. it cancer to humans: 
b1oa11ay1 of forcb take sediment and vatur have been ne9ative for mutaqen~c 
activity1 tumor•inducing a9ent• !lave not been identified in Torcb t&ke. 
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In Septeaber 1988, the State of Micb19an lllued & letter of a11ur&nc1 to 
•nabl• tb• !PA to conduct an RI/FS for tb• Torch I.Ake Superfund S1te. ~h1s 
letter reco ... nded continuation of M'l'O's prev1ou1 1tudie1. 

l.2.2.4 History of Response Act1on1 

Att .. pts to 11t&bli1h vegetation on 1tamps&nd deposits on th• sborel1nes of 
Torch take have been conducted since tbe 19601 (teddy, 1986, &nd Scitnce 
Application• Intera.tional Corp., 1986). Th• objectives of 1t&mp1and vegeta
tion include stabilizing tb1 1borel1ne &nd reducing airborne particulates. 
Th• Portage Lake Water aAd Sewage Authority has spray-irrigated 1eva91 sludge 
on ta1ling1 to promote vegetat1on at the 1outbve1t end of tbe lake. 

The Village of take tinden ha• been developing recreational facil1t111 w1th a 
bathing beach, camping are1, park, and boat ramps at th• north end of Torch 
take. 

In Hubbell and take tinden, debris &round th• •••lters and from tbe shoreline 
has been removed. 

Proposed act1oft9 include restocking and aonitoring 1au9er or vall•Y• in Torch 
L&ke, aonitoring Torcb take water aAd f11b tissue, and natural transportation 
and buri&~ of copper-enriched sediments in Torch take CMDNR, 1987). MTt1 
researchers disagreed vitb MDRll'• restocking proposal, monitoring plan, 
funding level, and natural sedimentation prOC••••• proposal, and proposed 
other r•••arcll to identlff alternative• for remedial action. In the l9B7 RAP. 
th• MDNI. stated that other remedial action• for th• fish consumption 1mpa1r
ment cannot be propo1ed since cau1e1 of fi1b tumors have not been dettrmined: 
other remedial actiona for th• contaminated 1edi .. nt problem have not bttn 
proposed because of the expanse and volume of th• sediments. Other rtviewers 
oppo1e the re1tocking plan becau•• it would encourage fishing and con1umpt1on. 
and because it aar not be logistically po11ible. 

wastewater treat .. nt ii being upg_raded in the 1urroundin9 communities. 

A detailed initial evaluation of the site is contained in the final Work Plan 
(Revision 1) (Dollobue, ltltaJ. 

l.l.l 'l'ypt! !Rd VOl!,I!! of Waste Present 

Th• typea and ipprozi .. t• amounts of vast• present in 00 I and tbe pot1nt1al 
contaminant• .. IOCiated vitb each are su ... rized in T&bl• 1•1. Copper ort 
tailing• are pre1ent in and around Torch take and at other location• on th• 
Keveenav Peninaala in tre .. ndoua quantitie1. Tb• ••tiaated total of 200 mil
lion tons of ore tailin91 vlaicb were discbar9e4 into the lake can be divided 
into tvo cat._or1••· Tb• fir1t includes tailing• resultint froa tbe stamping/ 
9ravi .. tric separatloa proce11. Contaainants of concern in tailin91 from th11 
proeess include eopper, arsenic, cbroaiua, lead, and zinc. Tile second 
cat190r1 include• tailin91 reproce1sld using the flotation proce11. Th• 
flotation process used 11 .. , p7ridin• oil, coal tar creosotes, wood cr101oc1. 
pin• oil, and iranthat••· 
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Dru .. ate pr•••nt in the tail1ngs and submerged in Torch Lake. The presence 
of erposed druaa ha• been confirmed visually. The presence of buried and 
submerged dtuaa llA• been 1ndicated by geophysical investigations conducted by 
EPA Tecbn1cal Support Unit and !:merg•ncy Response Team personnel. A brief 
9eopby11c1 survey conducted by researchers at MTtJ also shoved an anomaly which 
may indicate additional buried drum• (Spence, 1988b). Th• nature of the ~ate
rial disposed of 1n dru111 is not doC\Zmonted. Because explo11ve1 were used in 
large quantiti•• during mining operations, and because workers, angry over 
local area strik•• vere rumored to bavo put explosives in drwas, one or more 
druaa could cont&iA explo1ive1. 

Debris •••ociated v1tb an electrical material• copper reclamation fac1l1ty is 
•ixed vitb tailing• over a portion of th• site. Some scrap material vas 
burned, and 10 .. vas di•po••d near th• facility. Th• contaminants of concern 
a11oc1ated with electrical material reclamation include PCB1, metals, and 
asbestos. 

l.l.2 Potential Migration Pathways 

Contaminant •ources and potential migration pathways are shown on Figure l-2. 
the Conceptual Site Model. Priaary contam1n&JSt •ources include Cl> tailinqs 
vitb associated debri• and flotation chemicals, (2) drum• ic th• tailings, 
(3) druas in Torcb Lake, and <•> indu•trial cbeaicals. Industrial chemicals 
are included a• a po•1ible contaainant source becau1• of a reported discharge 
of 11acbicg liquor directlr to tbe lake (MWRC, 1973). 

Primary rel•••• .. cbani••• include du•t emi•1ion1, infiltration, runoff, and 
ero•ioc from ta1lin911 leak1 from drums in the tailing• and in the laxe: and 
spill• and di1c:Aar9e1 of indu•trial chemical1. Th••• rel•••• mech&n11m1 
r••ult in 1econdar1 contaainant 1ourc11 including contaminated soil, surface 
water, and 1edi .. nt1. Secondarr release mech&ni1a1 include du1t em1111ons ar.d 
infiltration froa IOil, and infiltration tbtougb 1ediaent1. 

Potential cont .. inaDt transport patbvay1 to r1c1ptor1 include air for dust 
emi11ion•, groundwater flow to water 1uppli••• and 1urface vater and sed1-
unt1. 

Receptor• incllld• baaaJl8 via in9e1tioa, inhalation, and dermal contact, and 
terrestrial aa4 aquatic environmental 1p~cie1 tbrou9h in9e1tion, inhalation. 
and direct contact. Tbrou9b bioaccumulation, fish and other fauna can serve 
11 sourcet to .botl human and envirocmental receptor• throu9b in9e1tion. 

l.l.l Identification of Operable pn1t1 

Tb• Bazard llaftkiDt Irate& ac:oring packa9• defined tb• Torcb Lake Superfund 
Site to include forcb tak1, tbe lortb !ntrr (to take Superior), and th• 
nortberA portion of Porta91 take, vher1 copper conc1ntration1 are 1i9nifi
cantl7 aboVe tb• bact9round e1tallli1bed bf the soutbern portion of Portage 
Lake and tb1 SoatJI llltr7. 'fbia area is •bovll on Piture l•l. 

1-9 
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Our1n9 project ecoping •••tings, r1pr1s1ntativ1s from EPA, Donohue, HDNR. t~e 

o.s. ri1b and Wild Lift Service, and th• Bureau of Min•• reached consensus 
that operable unit• (OU) vill be defined for th• site for th• following 
reasons: 

o Tb• Torch I.Ake Sitt as dtfintd in the Hazard Ranking System is la:ge 
and complex. 

o Tb• mo1t important vast• 1ourc11 and the r1c1ptor1 are in close 
proziaity over a relatively small portion of the 1it1. 

o R1 .. diation of contam1n&nt 1ource1, if neces1ary, vill b• expedited 
by completing the RI/FS and ROD for the tailings adjacent to th• 
lalle. 

o Information obtained from a relatively small portion of the site, 
containin9 11riou1 1ourc11 and i11pertant receptors, can be u11d to 
det1rain1 tb1 need for addition&l information throughout the rest o~ 
the site and to help develop and focus th• scope of vork for col
lecting additional information. 

o Tbere 11 a 1ub1tantial amcunt of background information available for 
the site as a whole tbat must be reviewed. In addition there are on-
9oin9 atudi11 conc1rnin9 th• sit• as a whole tbat, vhen completed, 
will help det1rain1 tbt scope for th• remainin9 vork. This back
ground inforsation can be r1vi1w1d vhile vork proceeds on th• smaller 
area. 

Th• primary study area include• Torch t&ke and it• surrounding short. Tne 
boundaries of tbe pri .. rf study area, 1bovn on Figure l-4, are the Keweenaw 
Fault lint alon9 tbt aortbv11t side of th• lake, Bamaell Creek to the nor:n. 
the tos>09rapbic ridge line on tbt east, and a line eztending from Gooseneck 
Creek in the 1outbwe1t corner of Torch t&kt 1aatvard along Opper Point Mills 
Road and Baulll&ll Road to the •••tern boundary on tb• 1outb. Included in this 
area art tbe tovna of take Linden, Bubbtll, an6 Mason on the v11t aid• of 
Torch t&k1. The priaarf atudy area was delineated b1cau11 the environmental 
probl••• n1r1 are more readily defined, and focusing on tbi1 area will provide 
earlier information oa pot1nti&l remedial action alt1rnativ11. Thia approac~ 
will prevent delays iA r1 .. di&l action for Torcb t.aae and will provide back
;rollnd infor11ation for plannln9 for the remainder of tb• site. 

OtJ I includes \be priaary contaminant 1ource1 of 1urfac1 tailings and drum 
content• in tbe priaary 1tud7 area, on the western shore of Torctl t&k•· This 
ot1 baa been identified aa po•1ibly requ1rin; separate and earlier remediation 
tban other .. di&, frClll a buaan risk perspective. 

OU II lncludea other potentially contaalnated ••dla in th• primary study area. 
Th••• ee11pri1e soil, air, surface water, and Torch Lakes'• 1ub .. r91d tail1n9s, 
11di .. nt, groundwater, &Dd biota. 

1-10 
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00 III includes other tailings contaminant sources in the mid-Keweenaw Penin
sula, includio9 the North Entry, the northern portion of Portage Lake, and 
tributary areas. 

00 II or III aay be divided into additional operable units if data indicate 
that separate study and remediation will be most effective. OU III may be 
integrated vith CO I for later stages of the RI/FS if evaluations performed in 
early RI/!'S tasks indicate that this is appropriate. 

l.4 OPERABLZ tJRIT I AC'1'IVHI2S ARD ORCAHIZA'l'IOM OP Rl!:POR'l' 

Remedial investi9ation activities associated with 00 I were conducted to eval
uate the elements of the Conceptual Site Model bighlighted on F19ure l-5. 
Specific activities included waste characterization of 00 I tailings, geo
physical investigations for drums in 00 I tailings, sampling of drums that 
were accessible from the surface, characterization of dust emissions from OU I 
tailings, characterization of soil in the illllllediate vicinity of receptors, a1: 
pathway exposure modeling, and assessment of human health impacts. Waste 
characterization activities included investi9ation of parameters needed to 
evalu~e potential remedial actions. 

Chapters 2 throu9h 6 of this RI Report for 00 I present details of the OU I 
study area investi9ation, and d11cu1sions of the physical characteristics of 
the study area, th• nature and extent of 00 I contamination, contaminant fate 
and transport, and the 00 I baseline risk assessment. In general, results and 
conclusions from 00 I RI activities are discussed and integrated in the text 
of the Report, while media-specific data and evaluations are presented in 
Technical Memoranda. Chapter 7 presents conclusions and discussion of uncer
tainties. Technical Memoranda are included in Appendix A. The Baseline Risk 
Assessment Report for 00 I is presented in Appendix B (found in Volume 2 of 
this report). 

ARCS/RITCRCBIJlI/AA4 
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Tbis chapter de•cribe• field activiti•• and phyaical and chemical monitoring 
aasociated vitb aite and vaate characterization of OD I. The remedial inves
tigation for OD I included a rev1ev of tbe mining archives at Michigan 
Tecbnological Dniver11ty (M'l'UJ, rield reconn.a11aance, drum inve•tigation 
including geophyaical aurveys for locating dr~. drum aampling to determ~~• 
drua contents, •urface tailing• aampling, aubaurface tailing• aampling, soil 
sampling in tbe i .. ediate vicinity of human receptora, and air sampling and 
.. teoroloqical aonitorin9. Thi• chapter aummariz•• th••• 1ctiv1t1es which are 
di•cu•a.d in eore detail in tb• referenced Technical Memoranda (Appendix Al. 

2.1 laCIIGAll T!l:l!RDLDCICU. trlllftllSI!'T yc:srn 9BA1lC11 
ARD Plzr.D Rs:DRRA.ISSANCI OP ~AILIRCS 

Donohue conducted a aearcb of mining company record• at the MTt1 archives to 
better under1tand tb• induatrial activities that impacted the Torch Lake 
Superfiand Sit• and OlJ I in ~rticular. Information obtained in the archive 
••arch and troa field reconnaissance i1 preaented in Technical Memorandum 
Number l ('l'M 1) in Appendix A. Information documented in TM l was used to 
divide tbe 0(1 I tailing• alon9 tbe veat 1ide of the lake into 1ectors based on 
bat10qeneit7 of tailin91 type &tld •ource. Nine sector• vere identified fo: 
aeparate 1.mplin9. 

ca.neral location• of th••• 1ector1 are abovn in Pigur• 2-1. Surface featu:es 
and pa1t and preaent land u1e in tbe vicinity of OU I are di1eu1aed further •n 
'!.'II l and Chapter l of tb11 report. 

2 .2 DROii IN'YP.:S'!IGAflal 

c=.ophy1ical aurveys to detect buried and aubmerged dru .. and 1amplin9 and 
analy1i1 of azpoaed druaa on tbe 1urface of OU I tailing• vere performed •n 
1989 to locate buried druaa and ~racterize drua content•. Additional dr~m 
inveatigation acti•iti•• are plamied for 1990. 

2.2.1 Geophy1ic:al Inytatigatipn1 

Geophyaical aur9•f aeti•iti•• for OU I are di1cua1ed in detail in TM 2 
(Appendix A). C:.Opbyaical aurvey activitie• vet• conducted by Donohue, 
Region V IPA Tecbnic:al Support ODit, and =reat t.ate1 Rational Program Ofe;:e 
(<it.NPO) 1ta!f. · !he purpose of tbe geophysical 1nveati9ationa va1 to del1n•a~• 
1u•pected drua dl1poaal area• vitbin Ot1 I tailin91 pil•• and off-ahore in 
Torcb r.ate. llagnetoaetrr &Ad ground penetratint radar CGJI) inveati91tion• 
vere conducted OD QU I t&ilin9a pilea to locate buried dr~. Giii and lub
bOttoa profile (1ei1•lc) inve1tl91tlon1 vere conducted ln Torcb L&te to loca:• 
1ubaer9ed druaa. 

aurveys vere conducted at the 
the atampaill lite in Tllllt&Ck 
Reference ba1elin• and a 100- ~, 

Survey 9rid marker• labeled 

A• dncribed in m 2, utnetoaeur and Giil 
Centerline Apart .. ntl area in Late Linden, 
Citr. and th• aeva9e 1ettle .. nt pond lite. 
SO•foct ;rid were aurveyed at ••cb location. 'W • -

2-1 
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north and east qrid coordinates vere placed along the survey lints. Ctta1:s 
concerning tht geophysical survey inv11tigation1 are ezpla1ntd in TM 2. 
Results art discussed in Section 4.1.l. 

The aarin• GPR 1y1t1a ccn1i1ted of recording equipatnt and a GPR antennae. 
The location of the boat vaa determined vitb Loran C Navigation and marKed on 
a strip cb&rt recorder. Tb• marine GPR was not effective in locat1n9 sub• 
••r91d druas because tbt depth of water penetration va1 limited to approzi
uuly 20 fttt. 

Th• 1ubbottoa profiler 1y1tt• con1i1ttd of recording equipatnt v1th a se1sm1e 
source and receiver. Tht location of the boat during tbis survey vas deter
a1ntd vitb Loran e Navigation and urked on a •trip chart recorder. The 
1ubbottoa profiler aapped several near-short areas and conducted several 
tran11ct1 acro11 tbt lake, both nortb-1outb and 1a1t-v11t. Technical d!f!1~ 
cultie1 terminated tb• survey vitbout a complete coverage of tbt lake as 
propcstd in tbt rinal Work Plan. 

2. 2. 2 Dru• Sampling 

In June 1989, EPA Ttcbnical Al1i1tanct Team (TAT> 1ampling personnel collected 
samples frca 11gbt Sl&tfact druaa and five surface 1011 locations along the 
nortbtrn and w11ttrn 1bortlint of Torcb I.Ake. Dru• and soil 1&111ples col
lected, tile aatr1x of eaeb sample, and tbt analytical paramtttr• analyzed for 
eacb aaaplt art •~iatd in Table 2-1. Detail• of tht sampling program, 
includint aap1 1bovin9 general sample locations, art pr111nt1d in TM l 
I Append is A). 

2 • 3 '!'llr.rwc:s SMIPLD!i 

2.3.l Introduction 

Tailings in OtJ I vert sampled and analyzed to cbaracttrizt their potential as 
a contaminant 1ourc:e, for risk a11111 .. nt purpo111, and to provide data needed 
to evaluate remedial action alttrnativtl. 

Tailing 1.-pl11 vert collected fro• all nine sectors dtlintattd in TM l. 
Approximate 1aapllnt locations art shown on Fitur•• 2-2, 2-3, and 2-4. Su:vey 
locationa of 1aaplint points art pr11enttd in '1'11 4. Saapl11 vert collected 
fro• tb• 11&rfact co- to ••inch) and 1ub1urfac1 co- to 3•foot> depths. 
Sampling procedure• for 1urface tail1n91 and subsurface tailing• art report•d 
in TM 4 aad !JI. s, respect1vtly. Detail• of tailin91 sampling procedures Ar~ 
also pre11attd in tbe JU/I'S Field Sampling Plan (ltvl1ion 11 (Donobue, l99901. 
Deviations froa procedure• de1cribtd in tb• Field S.11plin9 Plan art recorded 
in Tll 4 and '1'11 s. Also included in '1'11 4 i• a luaatf of vi1ual d11cript1or:1 
for tacb Hc:tor. 

In additiOD to tailln91 1ampl1 collection ac:tiviti••• field 110nitorin9 for 
alpha/beta/9 .... radiation va1 completed u1in9 a Monitor 4 detector. Meas
urement• were rtc:orded for compo1ltt 1ub11mpl••· Tailin91 11mple1 vert 

2-2 
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analyzed for in~9anic and se•ivolatil• organic coapounds, whicb collllrise all 
coapound1 on BPA's rar9et Compound List w1tb th• exception of cyanide, as well 
•• for tbe pbyaical parameters of moisture content, grain size distribution, 
Atterber9 tiaits, and cation excban9e C&PACity ('l'M 8). 

2.3.2 Surface Samples 

Surface tailin9s saaple1 were collected to asse1s riak by ezpoaure from dermal 
contact and inhalation of fu9itive dust. A total of 58 surface tailings 
sample compoaites were collected froa the o- to 6-incb depth at a density of 
one compo1ite sample per 10 acre1. As described in TM •• tb• surface tail1n9 
1aaplin9 and decoDt&aiaation procedure• were conducted in accordance with th• 
rorcb I.Ake RIIFS Field 5aaplin9 Plan, Quality Aaaurance Project Plan, and 
Bealtb and Safety Plan (Donobue, 1989 b,c,d). D11criptiona of texture, 
Munsell color, vegetation, debria, and 1pecial feature• were recorded. 
Samples were collected froa areaa that contained tailin91. Grab 1ample1 were 
obtained froa •11111e• depo1it1 (very fine grain 1i1e .. terial), crushed 1la9, 
and tbe sla9 pile to further cbaracterixe tb••• .. teriala. 

2.3.3 Subsurface Sample• 

Subaurface tailin91 1aaple1 vere collected to obtain data nece11ary to evalu
ate reaedial action alternatives, particularly stabilization and dust control 
by .. 9etatioD. TVelve 1ub1urface tailin91 c:capoaite aample1 were collected 
froa the o- to l-foot depth at a denaity of one •ample per 20 acre1. Proce
dure• u1ed and ob1ervationa recorded durin9 collection of 1ubsurface ta1l1n9s 
1a11ple1 are preaented in TM 5. 

A total of 23 1ub1urface ezcavationa were conducted durin9 th• sampling pro-
9raa. Prior to intruaive vork, excavation location. were checked for buried 
metallic object• vitb a .. tal detector. Radiation measurements were taken 
froa coaposit• sample• at eacb location. E&cll excavation vaa also screened 
with an Blf\l pbotoionization detector upon completion of tile excavation. 
Phot09rapba were tuen ac eaeb 1aple location. .. 
Sub1urfac• conditiona enechantered at Sector l preveDted excavation to l feet. 
Construction debris aad travel 1ized 1la9 allowed dittint vitb a 1hovel to 
only 2 f .. t below 9rade. Therefore, th• c09p0sit• 1aaple va1 collected from a 
deptb of 0 to J i .. t at tli• locatioD. 

Ob1ervationa darint •ubaurface tailin9a 1aaplla9 at Sector I 1u99e1ted that 
the two •&llPliDt locations were located in tallin91 aateri&la derived !rem 
different ~c••· Altll0u9a botb areas conai1ted of aay9daloidal ba11lt 
tailint•• cae 1aaple collected at i:.oc:ation 2 waa coarser-trained with & lover 
percenta9• o! fia999rained ta111nt• than tb• 1aaple froa Location 4. There
fore, separate sample• and dec:ontaaination procedure• were conducted at both 
locatiou. 
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tiaitecl soil a&11plin9 val performed to obtain preliminary information 
r99ardin9 vhetber air-borne particulate material• are be1n9 tran1ported from 
00 I tailin9a sources to residential yards in tb• primary study area. Soil 
samples ver• collected froa nine residential yards in t.k• tinden, Eubb•ll. 
Tamarack City, and Mason, a1 well a1 from th• t.ke tinden football field. 
!acb sample vas coapo1ited from four subsamples collected from the 0- to 
4-incJl deptb. Sample locations and procedures are described in detail in 
TM '· Soil sample• vere analyzed for semivolatil• organic and inorganic 
compounds. 

Ten coapo1it• 1oil ... pl•• ver• collected, each comprised of four subsamples 
repr•••ntiD9 tb• corners of th• property sampled. Samples were collected 
u11n9 an ll•incb, l/4•incb diameter silt probe driven co a depth of o to 
4 1ncb••· Sample• were analyzed for Routine Analytical Services (RAS) inor~ 
9anic ccapounds and extractable compounds. 

In 9eneral, tb• •oil core• obtained consisted of var1ou1 hues of grayish- and 
brovnish-brovn, dry to damp 11ltr sand. In moat cases, a l• to 2-inch root 
zone and darker topsoil was evident. Althou9h 119ns of contamination were not 
apparent, traces of tail1n91 and/or slag were noted. Descr1pt1on1 were 
recorded on 1oil• data form1. 

Additional details of tbe toil samplin9 and 1ampl1 handling proc1dure1 are 
recorded in 'ftl ' (Appendix A). Deviationa from tile Pi•ld Sampli.n9 Plan 
(DoDObue, llllb), are documented in '1'M '· 

Additional soil samples were also collected by !PA TAT personnel, and these 
procedures and results are reported in '1'M 3. 

Z.5 AIJl SA11!LD5 

Ambient air sample• were collected at Torch t.k• to provide data to support an 
air patbway analysis aa a component of th• baseline risk a11es1m1nt for oc I. 
Air monitorin9 and mode-int data were obtained to characterize the airborne 
transport of fu9iti'll dust fro• tailin91, and to estimate emi11ion rates and 
concentration. of air contaainant• to a••••• actual or potential receptor 
expo•ur1 to air CODtaalnant•. 

~ichi9an Depart .. nt of llatural Re1ourc•• (MDNR) personnel conducted the Tor:h 
Lake air 1aaplin9 pr09raa accordint to tb• procedures de1cribed in the Tore~ 
Lake RI/fl field laaplin9 Plan (Donohue, 1989b) and the Quality Assurance 
Project Plaa {DcDotuae, 1181c). rour sampl1nt locations vere selected based 
upon wind and popui.tion profile• to mcnitor liktlf expo1ur1 points, em1ss1or1 
sources, and back9round condition.. Total suspended particulate (TSP) hii;l'I. 
vol11111 1ample'1 ver1 operated over a l-11e1ntb period from Autu•t 14 to Sep
tember 13, 1981. Sample• were collected for 24-bour period• ever7 other day. 
re1ultiD9 in collection of &2 filter• of TSP, includin9 five field blanks ·~~ 
five duplicates. rilters were analyzed for TSP at EPA'• Re9ion v Central 
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Re9io~l L&OOrat'Ory. Th• two sample• vith th• highest TSP from eac:h sam?ler 
and th• highest TSP fro• the duplicate sampler were analyzed for 26 metals 
including arsenic, cbroai1111, copper, nickel, lead, and zinc:. 

rurtber details concerning the air sampling and aeteorolo91cal mon1tor1n9 
pr09r .. art provided in '1'M 7 (Appendix A). TM 7 1ncludt• MDNR'I documented 
report. 

2-s 
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Jacobsvill• S&Ddston• occur alon9 tbe northwest aar9in of Torch t..ke. I~med•
ately adjacent to forch t..ke, bedrock crop• out in large areas beneath a th1~ 
cover of 9lacial drift. Th• Porta9e Lake ~ava Seri•• consists of basalt ar.d 
ande1itic lava flovs vith interbedded con9lomerate1 and sandstones. The 
Jacobsvill• sandstone ii a li9ht red to bleached white, fine- to coar1•-
9rained feldapathic sandstone. 

3.1.1.4 Historic Mining Practices 

In addition to the tailings piles, abandoned aine vorks includin9 stamp sills 
and ... 1ter1 are a pr211inent surface feature throughout the region. The 
tailings vere often processed ft'9ar a vatervay. Therefore, many of the shore
lines of the lakes and rivers of the region are dotted vith tbe ruins of 
for .. r stamp •ills and ... iters. The greatest concentration of th••• ruins is 
along the vestenl shore of Torch ~ •• 

J.1.2 ~ailin91 Surface features 

The ve1teE1l 1bor• of Torcb take is lined vitb tailin91 pil•• and tbe asso
ciated stamp •ill and s .. lter ruin• attributable to past copper mining 
practices. This section provides detailed descriptions of surface features of 

~ oo I tailings, vtlidl are the .. elve• the prominent surface feature in the 
primary study area. CU I tailin91 vere divided into nine 1ector1 as 1hovn on 
PiCJUr• 2-1 based on illformation obtained in a seardl of M'l't1 archives and field 
reconnaisaaace work a• reported in TM 1. 

In the followin9 1eetiOA8, eacb .. ctor is described in detail. Surface fea
ture pbrsical and locational iDfoEllAtion for all sectors are su ... r1zed in 
Table l•l, and additional descriptive information is provided in TM l and TM 
(Appendi:I: A). 

3.1.2.1 sector l 

Sector l (Figure 2•2) encoapa11e1 approzimately 110 acres of red conglomerate 
tailin91. Tbe tailin91 conaist of primarily dusky red to reddish brovn, ti~•· 
and ••diu• 1ilt7 taad. In addition to bein9 one of the lar9e1t tailings piles 
along th• vest 1boreliae of Torch I.&Jce, Sector l exhibits th• greatest relief 
of any of the 1ec:tor1. ••lief in the north-central portion of the sector is 
on the order of 20 to JO f .. t. Aa i1 the case vita a&Ay of the sectors, 
Sector 1 bas little or no relief alon9 it• peri .. ter. Vegetation 11 sparse 
except a10D9 tile aortllem perl .. ter adjacent to th• '1'rap Rocle River and in 
those areaa vtaere 9999tation ba1 been actively encouraged through the addition 

- of topsoil aDd0 pluatiJll of pine tr•••· Vegetation i1 primarily confined to an 
area 1urroandiAf the sewa9e ponds and public c&8ptround. Area1 of stressed 
ve9etatioe are a110 99ldent. Surface feature• unique to Sector 1 include an 
abandoned landfill a.ad a11oc:iated •iscellaneou1 111rface debris, sewage ponds. 
a public beach, caapJrolllld, a.ad park. Samplin9 a.ad analy1i1 to characterize 
the abandoned landfill or th• 1eva9e ponds vere not vitbin the scope of th• 
field activiti•• conducted for the OU I remedial investigation. Sli•• pate~•• 
consi1tin9 of brokeD dlip1 re1eablin9 weathered st&al• and dry powder-like e~~• 
claye7 silt are apparent at tbe surface. Sli .. ii the •inin9 en9ineerin9 cer2 
for the fine-grained .. terial produced during the copper recL..ation prcce•• 

l-2 
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Tbi1 chapter presents th• results of 00 I sit• and vast• characterization for 
botb natural chemical components and contaminant coapounda, for the media 
sampled in 00 I RI field inve1ti9ation act1viti••· Th••• media include drums, 
oo I tailin91, soil, and air. This chapter emphasizes the chemical• of poten
tial concern for tbi• sit• vbicb were identified in data evaluation performed 
for tb• Baseline Risk Al•••• .. nt (Appendix 8). 

Tb• 1989 drum investigation included both a 9eophy1ic:al survey to attempt to 
define tb• extent and location of drums buried in 00 I tailin91, and sampl1n9 
and analysis of surface druaa to d•t•r•ine tbe nature of their contents. RI· 
activities related to identif7in9 tb• nature and extent of drum vast•• v1ll 
continue in 1990 when additional exposed, buried, and 1ubmer9ed drums will be 
1ta9ed and aampled. Therefore, this report present• the results of 1n1t1al 
activities only. !Valuation of the nature and extent, fate and transport 
characteristics, or risk asaociated with drum-related contamination will be 
performed and presented after additional drura inve1ti9at1on act1v1t1e1 are 
conducted. 

•.l.l C:.Ophysical Survey 

Th• reaults of the 9ecpbysic:al survey of 00 I tailings are di1cus1ed in deta~l 
in TM 2 and in TM 9. Th• ground penetratin9 radar data fro• the thr•• ta1l
in91 sites investi9ated were difficult to interpret because of th• complex 
appearance of the •i;nal reflection. Thia was attributed to the extensive 
metallic debris in 00 I tailin91 fill areas. Also, radar tar9et data did not 
correspond to aa9netic data. 

Tb• radar record froa the Staapaill Site indicated radar target• that may 
include buried drua11 or other crlindrical metallic objects. The Stampmill 
Site radar tar9et1 did aot correspond to magnetic anoaali•• indicating that 
the buried object• ar• aon-ferrou1 cnot iron or steel). Only a few radar 
target• were recorded at tb• Centerline Apart .. nts Site, and th••• did not 
correspond to tbe aatnetic anoaali••· Thi• indicates that th••• tar9ets are 
also non-ferrous aaterlal1. Tb• non-aagnetic radar targets aay be attribu
table to lar9e boulders of copper which did net 90 throu9h crushers in th• 
stampaill1, and were often thrown into the tailings piles. 

Radar tar9et1 were aot found at th• Stampmill and Centerville Apartments Sites 
at the location• of .. gnetic anoaali••• su99eatin9 that (l) scrap iron or 
steel .. Y a110 be found at th••• locations, or (2) the magnetic anomalies are 
outside of th• 1pacln9 of th• radar lines. 

Th• radar targets at the Seva9e Pond Sit• did correspond to magnetic anom· 
ali••· Th••• tar9et1 have tb• best chance to be buried druaa. Bovever, ~ot 
all magnetic anomali•• ver1 a11ociat•d vith radar tar9eta. 
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Test pit excavations are required to verify whether the radar tarqets or 
magnetic anomalies represent buried drums. Test pit excavations and drum 
sampling are scheduled for 1990. 

4.l.2 Analysis of Surface Drum Contents 

As discu11ed iD Section 2.2.2, EPA TAT per1onnel saapled the contents of ei;ht 
drums found exposed at various locations on the surface of OU I ta1l1n9s. :he 
analytical data reported in 'l'M l indicate that for 1even of th• drums, th• 
concentration of hazardous constituents was very lov as ••&sured by the £P 
toxicity test. Mone of th• drum vast• material s&1111l•d ii considered hazard
ous based on ICL\ characteristics of EP toxicity. Pelis and pesticides were 
not found above .. thod detection limits ln any drua. In general. only traces 
of volatile &Dd •••ivolatile organic compound• were found. One overturned and 
leaking drua froa a Hubbell 1ampling location contained 4,000 pp• of tr1-
cbloroethylen• ('l'CE). It is su1pected that thi1 drua is cot related to past 
site operations, but rather to a recent llftauthorized disposal. 

Tb• TAT aases ... nt did cot indicate that i .. ediate removal of the drums was 
nece11ary. 

Radiation readinqs above background were not measured for any tailings sample 
('l'M 4). 

Analytical c:heai1try data for OU I tailings samples are presented and di1-
eu11ed in TM 10. A su ... ry of th• rant•• in concentration of chemicals of 
potential concern aeasured iD 1urface and subsurface tail1n91 samples is shown 
in Table 4•1. Thi• table also pre1ent1 naturally oci:urrin9, native 1011 con
centrations. Tb• data and discussion in TM 10 provide th• following con
clusions regarding th• distribution of chemicals in OU I tailings. 

Detectable aaounta of s .. ivolatil• organic compounds were ••&sured in surface 
co to & incbJ tailing• sample• in all sector•. 11•(2-etbylbexyl)pbthalate 
(IEBI') vaa tb• moat vide1pread, and was .. asured lD all sector• except 
Sector• 4, 7, uad t. file bi9be1t concentratiolll and tbe largest nllmber of 
seaivolatil• organic c:oapound• were .. asured in Sector• l and I. Pifteen 
base/neutral estract~l• compound•, primarily polycyclic aroaatic hydro
carbons, were detected in Sector• l and a. Th• bigbe•t concentratiol19 of 
... 1volatil• organic coapounda .. asured were for benzo(b)fluoranth•n• or 
benzo(k)flllOraatbeDe lD Sector I. 

S••ivolatil• organic coapouada ver• also •••sured in subsurface tailings 
samples takea froa th• O to l foot depth in all 1ectars except Sectors 4 and 
t. Th• large1t nl.18Der of subsurface •••ivolatil• or9anlc coapounda and th• 
bi9he•t conceatrationa were also found in Sectors l and 1. 

Th• dlstributiona and concentrations of •••ivolatil• or9anic compound• were 
similar for surface and 1ub1urface tailin91 1&apl••· Sectors l and a. where 
seaivolatil• or9anic compounds were detected. wer• th• same 1ector1 where 
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SOMMARY OF cm:MICALS O!' P0'1'ZN'l'IAt CCNCDR 
D!:'nC:'l'ZD IN OPERAlt.I CHIT I TAILINGS 

TORCI I.All RI/!'S 
AOGtJS'?, l9 H 

Nat1ve So1l 
Range ot Concentration1, mqtkq Concentrat1cr.s, 

Organic C9!R9und1 

bi1(2•1tbrlh•ztl> 
pbth&late 

PAb 
Raplltulene 
2-M•tbyl.napetul•n• 
Acenapbtbylene 
Pll•Dalltbrene 
riuorantbelle 
Prr•n• 
BeDZO(aJUl~aceDe 
CbryHne 
Benzo(b)!luorantben• 
Benzo(kJ!luorantbtn• 
Benzo<•>nrue 
Indeno(l,2,3-cd) 

pyrene 
Dibenzoca,bJ 

antbracene 
Benzo(g, b, i) 

peryleu 

Inorganic CC?!!pOynd• 

AlWliDua 
AntillODJ 
Auenic 
Buiua 
BerylUua 
Boron 
C:broaiua 
C:obalt 
Copper 
tead 
Man9&nHI 

Surface T&il1n91 Sub•urface Ta1l1n91 mg/kg 

0.038J - 1.2 

O.OSOJ - O.UO 
O.OUJ - O.UO 
0.037J - o.uo 
0 .OHJ • O.UO 
0.039J - o.uo 
O.OC7J • O.UO 
O.OHJ • O.UO 
O.OUJ - O.UO 
0.057J - 0.5' 
0.0'7J - 0.515 
0:048J - o.uo 

0.091J - o.uo 

O.OUJ - O.UtJ 

O.OHJ - O.UO 

5,190 - 37,200 
3.40 - 11.7 
0.110 - a.J 
5.5 - 135 
O.llO - 1.7 
R/A 
10.7 • U.3 
5.4 - 52., 
72.3 - 3,020 
1.5 - 104 
103 - 1,080 

0.11 - l.10 

0.08J - 0 .43C' 
0 • l2J - 0 • 4lt1 
O.JSC' - 0.4lt1 
o.o7JJ - o.a1u 
O.OUJ • O.UC' 
O.OSJ - O.UU 
0.022J - o.uo 
0.025J - o.uo 
O.OHJ - O.Ut.1 
O.OHJ • O.UU 
0.02J - o.uo 

O.UOJ • O.UC' 

O.OHJ - O.Ut.1 

O.l&OJ - O.UtJ 

5,no - 21,200 
3.5 - 7.3 
o.n - u.4 
5.1 - H 
0.180 • l.O 
R/A 
13.I • U.7 
1.5 - 32.1 
"' - 5,5'0 
0 .JIU - 12 .8 
217 - 703 

150 - 925 

l - 5 

0 - 0.04 
0 - 0.015 
0 - 0.01 

0 - 5 
0 - 0.03 
0 - 0.015 

0 - 8 

0 - 0.015 

0 - 0. 02 

10,000 - 300,000 

1.0 - 40 
100 - 3.500 
O.l • 40 

s.o - J,000 
1.0 - 40 
2.0 - 100 
2.0 - 200 

100 - 4,000 
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railroad ti••• tar reefing, or co.l debri• vere documented in the field 
1amplin9 109• <•••Table 3-1). Sector• 3 and 8 vere tht only 1ector1 where 
the pre•ence of coal at sampling location• vaa docwaented. All of the 1em1-
volatile pcl7c:yclic aromatic hydrocarbon cbem1cal1 of potential concern are 
documented .. being derived from coal, coal-tar, wocd pre1ervat1ve sludqe, or 
petroleum 1ource1 (Veracbueren, 1983). 

Inor,anic co.pounds of potential concern including chroaium, cobalt, copper, 
lead, nickel, and va11adium were found in 11e1t sectors at varying concen
tratiou. 

Ar1enic vaa found in Sectors 1, J, 5, ,, and 7. Arsenic va1 found in sub
surface 1ample1 for Sectors 3 and 5. Arsenic levels in slag 1ample1 exceeded 
typical native soil levels. Merc:ur7 was detected 1n all sam;il•• from 
Sectors 3 and 8 at conc•ntration• ezceedin9 typical 1oil1. 

Th• concentration and distribution of ••tali appeared to be similar in the 
surface and subsurface 1amplt1. ror inorganic ccn1t1tutnt1, th• mAJOrity of 
the aub•urface tailings concentrations are v1thin or belov the ranqe of con
centrations found at tbe surface. 

In 9eneral, copper concentration• .. asured in tailings art elevated above th• 
range generall7 found in 10111. Thia ii expected because of the occurrence of 
native copper in the Keweenaw Peninsula. 

Sli .... terial, tb• fine99rain•d tailin91 material deposited in layer• in the 
tailings, contained bigber concentration• of chroaiua tban tailing• samples. 
The concentration• of other inorganic ccmpoundl aucb aa arsenic, copper, and 
lead are 1iailar in 111 .. 1aaple1 and ta1lin91 1ample1. 

Slag aaterial, produced by smelting bigh copper concentrate produced in the 
1tamping and flotation proce••••• exhibited higher concentrations of ar1en1e, 
cbro•iu•, copper, and lead than the conc1ntraticn1 .. a1ured in the ta1ling1 
aamplH. 

In 1ummar7, neither organic nor inorganic ccmpound level• ••a1ured in co I 
tailings are dr ... ticallf bigber than tboae f~nd in a.aturally-occurr1n9 
10111. 

4.J !9lY 

Soil cbeai1trr analytical result• are pr11ented and di1cu11ed in TM 11. Ten 
composite re11deatial 1011 1aaple1 vere collected and analyzed during co I RI 
activlti•• to ... e1a c:ontaainant distribution from tailing• 1curce1. The 
result• are di1c:11a1ed here altbougb neither complete characterization of Torch 
tak•Jluperfund lite soil• nor a11e11•ent of risk attributable to soil• va1 
within tbe scope of au i A% 1ctlvitie1. A 1U1111&rf of th• rang•• of cneaical• 
of potential concern ... ,~r•d in soil 1&11ple1 and naturally occ:urrin9 •oil 
concentrationa are 1boVD in Tat.le 4-2. 



StlMMARJ' O!' CB!:MICAI.S OF POTENTIAL CONC!:RN 
DE%ZC:U:D IN SOU, SNQILZS 

Organic Compounds 

bi1(2-!tbylbexyl) 
pbtb&l&U 

PABa 
Napbtb&leu 
2-ttetbylnapbtbalene 
Acenaphtbyleu 
Pben&ntb:IDI 
FlYOrantb•D• 
Pyrene 
Benzo(&)&Atbracen• 
C:br7Hne 
Benzo(b)fluorantb•n• 
Benzo(k)fluorantb1n1 
llftZO(&)PJUDI 
Indeno(1,2.l-cd>517rene 
Dibenzo(a,bl&ntbracene 
lenzo(9,b,i)perylene 

Inorganic CO!!p9UJ!d! 

Aluainwa 
Antimon7 
A:Hnic 
1&:1118 
Beryllium 
Boron 
C:hroaiua 
C:ob&lt 
copper 
tead 
M&n9aneH 

TCRCB LAD RI/!'S 
AtJGTJST, l9 89 

Ran9e of 
Conc1ntration1, 

1119/kg 

0.800 .. 3.8 

tJ - 0.071J 
tJ - 0.054J 

tJ - O. UJ 
O.OUJ - 1.900 

U - O.OUJ 
O.OUJ - 2.500 

u - 1.500 
u - 1.500 
u - 1.500 
tJ - 0.570 
tJ - 1.500 
u - 0.530 

tr - 0.2'0J 
tJ - 0.570J 

J,uo - 1,&ao 
tJ 

tJ - 7.00 
tJ - 101.00 

tJ 
u 

5.90 - 20.10 
u 

58.JO - 459.0 
5.10 - 321.0 
91.40 - l57.0 

Native So1l 
C:oncentrat1ons. 

mg/kg 

150 - 925 

l - s 

0 - 0.04 
0 - 0.015 
0 - 0.01 

0 - 5 
0 - 0.03 
0 - 0.015 

o - a 
0 - 0.015 

0 - 0.02 

10,000 - 300,000 

1.0 - 40 
100 - 3,500 
0.1 - 40 

5.0 - 3,000 
1.0 - 40 
2.0 - 100 
2.0 - 200 

100 - 4,000 



Mercury 
Nickel 
Silver 
Titaniua 
Vanadiua 

Not!!! 

TABLE 4-2 

SOMMAR! or CUMICAtS or PO'l'!NTIAr. CONCERN 
DET!CT!n IN SOIL SAMPLES 

TORCB tAK! RI/lS 
AC1GOS'l' , U 89 

(continued) 

Range of 
Concentrations, 

mg/kg 

0 - 0.47 
0 - ll. 70 

l.50 
0 

ll.40 - 25.30 

Native Soil 
Concentrations. 

1119/lcg 

o.ol - o.oa 
5.0 - 1,000 
O.l - 5.0 

l,000 - l0.000 
20 - 500 

o t1 lndlcat .. compo1Uld va1 not detected and tbe numerical value indicates 
tbe c:oatr~ required qy&Gtitation liait, adju1ted for dilution and 
perceat aol1ture corc;anic1J or the in1trument detection liait 
c inorlJ&llica J • 

o R/A indicate• cbeaical not analyzed for in thi1 aediua. 
o J indicates tbi• value i• estimated. 
o PAB denote• polycyclic aromatic bydrocarbotl compounds. 
o Source of naturally occ:urr1n9 native soil concentraciona i• Dragun 

(1988). 
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Stmivolatil• ortanic coepounds were aea1urtd in most of tbe ten soil samples. 
&Ase/neutral tztractable and TIC hydrocarbon• were the most widely distri
buted. S.aivolat1l1 organic compound• detected at levels higher than 
naturall~rrin9 levels in soils include: tluoranthene, pyrene, benzo(al 
anthracene, btnzo(b) fluoranth•ne, benzo<kl fluoranthene, indeno (l,2,J-ed) 
pyrene, and btnzo(g,h,1) peryltne. 

Inorganic ccmpounds of potential concern, including chromium, copper, lead. 
nickel, and vanadiua were .. asured in aoat of the 1oil 1&11ple1. Copper, lead, 
and mercury were detected at concentrations exceeding native soil concen
trations. Tb• .. asurtd copper concentration• were higher than typical native 
soil level• for all 1oil 1a11pl11 ezcept for that froa the football field. 
High concentrations of lead and aercury were .. aaured in one soil sample fr~m 
t.&k• LLJM:len. Th• 1&11pliD9 teaa did not cb11rvw anytbing that aight explain 
the high lead and aercury concentration in this sample. Bigh merr:ury levels" 
were al10 aeasured in four sample• froa t.alce Linden and Mason. Ar11n1c was 
measured in I of 11 aoil •&m;il••· at levels typical of naturally occurring 
10111. 

EPA Tecbnical Aa1i1tance Teaa !TAT> personnel also collected 1011 samples 
during & forcb take Sitt A11essaent <'l'M l). Three 1a11pl11 from locations of 
1u1pectecl contaaination in 111.lbbell and Mason and a background 1011 tample from 
the east aide of Torcb t..ke vere analysed for volatile and •••ivolatile 
organic CQ9p0UD.41, !P toxicity .. tala, total .. tala, and cyanide. Methylene 
chloride, pbenantbrene, fluorantbene, pyrene, chrysene, and di-n-oc:tyl phtha
lat• vere detected froa a 1oil 1ampl1 collected directly underneatb a drum. 
No pesticide• or PCJll were detected. !1 cozicity ••tali concentrations were 
below saziaua concentration• (CO CPI 211), All of th• .. tal• detected were 
within tbe typical concentration ran9e1 ot ••tali in 10111. 

The inor9anic c09pounds .. asured in the ten residential 1011 1amples collected 
tor the RI field inv11ti9atiOD (TN ll> are generally an order of magnitude 
higher t!l&n concentratlOlll .. a1urecl iD tbe TA! back9round 1011 sample col
lected !roa tb• •••t side of Tarcb take ('l'IC l). 

In 9en1ral, •••ivalatilt or9anlc coapound level• vere orders of maqnitude 
higher iA soil ..-pl•• tbaD in tailin91 1.-ple1. ~••n1c, cbroaiua, and 
copper c:oaceatrationa are generally •i•ilar in 1011 1aaple1 and tailings 
1amples. file bi9hlet level of lead meaaured va1 detected in a 1011 sample. 

ror botb tailin99 and soil 1aaple1, contaalnant compounds were di1tributed in 
a non-b09ofeneou9 ll&Dller. !bere vas no pattern of distribution wbicb 1u9-
9e1ted lapact of taillDt•-d•rived coe;IOUDd• to re1idential soila. The sporad
ic d11tributioa, tbt lac~ of t•otrapbical proziaity, and tb• concentrations 
measured 1u91est tbat detected compound• are unrelated between tbe•• media. 
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Thi• ~pter addr•••e• potential route• of cont&a111A11t migration and contami
nant per1i1tence and 110bility for cbeaical• of potential concern in OU I 
tailings. 

5.1 Mh'!lfi'IAL tiXJi'BS OP MimlATIOR 

The r ... dial investigation and risk a•se11aent for Operable Onit I address the 
potential route• of migration bigbligbted in Figure l-5. Contaminant mi;:a
t1on froa 00 I tailin9• could occur by 9eneration of particulate material, or 
by infiltration. runoff, or erosion. Contaa1nant aigration could also occur 
from •ec:ondarr source• 1ucb .. soil. 

Particulate 9eneration aay occur vhen fugitive du1t i1 9enerated by wind 
ero1ion of expo•ed tailin91. Veb1cular travel over contaainated tailings also 
create• duat and a&f be a eource of airborne contaainant•. !valuation of the 
air expo1ure patbway wa• conducted by ••i11ion• and air llOdelin9 •• part of 
the aa.eline li1k A11e11aent (Chapter 6 and Appendix BJ. 

Quantification of otber ai9ration patbvay1 va• not part of tbe acope of this 
investigation. Contaainant infiltration troa Ot1 I tailiA91 vill be addressed 
by collection and anal71i• of groundwater •ample• from beneath co I tailings 
during tbe cg JI RI, and by leaching te1t1 conducted by the Bureau of Mines. 
Contaainallt nanoff and ero1ion vill al10 be addre11ed after collection of 
•urfacs water and sediaent 1ample1 in the 00 II RI. The potential for contam
inant ai9ration froa drWl9 in 00 I tailin9• will be addre1sed after additional 
1nvestigation1 to locate and 1ample dr~ to deteraine the nature and extent 
of drum-derived contaaination. 

The 1ignifieance of contaainant ai9ration by infiltration, runoff, or erosion 
route• i• liaited by the per1i1tence and mobility of the contaainant types 
detected in OU I tailing1. Contaainant per1istence and mobility are d11cussed 
below for ct1 I cb .. ic:al• of potential concern. 

There are several aecballi1 .. tllat can affect contaainant fate and transport 1~ 
tbe enviroaaeDt. Tb••• include tran1formation a1cllani1 .. csucb •• biotrans
formation, b,.S~oly1i1, oxidation, and precipitatiODJ; pb&se change aechanisms 
C•uch &1 volat1l1zatiOD, 1orption, ion ezcllan9e, and di11olution>: and trans
port ..c:b&n1 ... (lucla a1 advection. dlffu1lon. coaplesation/ chelation, and 
particle-facllitatecl tr&ASport). Tb••• .. cllania .. can c:au1e 1011, aoveaent, 
cbaii9e, or retardat1oe of c0Dt&aincnt1 in the environment. Tb• potential for 
tb••• aecb.&Dl ... to contribute to contaainant fat• or tran1port in co I 
tai11nt• 11 deteralned by the cbta1cal and pby1lcal properti•• of tbe ta1l1n91 
and of tbe coapound• of int1r11c. Tb• ch1aical1 of potential concern identi
fied for au I ta1liDll include pri .. rily polycyclic aroaat1c hydrocarbon• 
(PAJ!a) and inorganic coapound1. Tb• fate and tran1port cbaracteri•ti:a of 
tb••• cla1111 of ccmpound1 are di1cu•1ed in tbe following 1ection1. 

5-1 
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1.0 -±.sm pgsgtmOff 

. Torch Lale• is located on the Keweenaw Peninsula in Bouqhton County, 
Mic:hi9an (l"iqur• 1). At ita southern end, it feeds into Portaqe 
Lake, which is part of tho Keweenaw Waterway that opens into Lake 
Superior. Torch Lale• is located approximately 14 miles north of 
the Keweenaw Bay. 'l'he lake has a surface area of 2,717 acres, a 
mean depth of 56 feet, and a maxilllm depth of 115 feet. The towns 
of HuhJ:»all (population 1,278), Lake Linden (popalation 1, 200), 
Quincy (population approximately 10) and Mason (population 
approximately 'O) , are located on th• west side of Torch Lake 
(Fiqure 2). 

The Torch Lake area is a remnant boom town from the late nineteenth 
and early twentieth centuries, when the local copper mining 
industry was at its peak. AlthOWJh populations have declined, the 
Torch Lake area i• still maintained •• a hal:litat for wildlife and 
a recreational area for f ishinq, boatinq, and swimminc;. Many 
people currently own cottaqes at or near the lake which they use 
on a seasonal basis. Torch Lake is also used for a non-contact 
coolinq water supply and for treated municipal wastewater 
assimilation. 

1.1 T;poqraphy 

The top09rBphy of Torcb Lake i• governed primarily by th• various 
rock litholoqies and fa11ltinq proce.ses of the area. Within three 
miles vest of Torch I.aka, th• relief ranges from 600 feet to 1,200 
feet. To the east, relief is considerably lower due to tha more 
easily eroded bedrock. Also noted to the east ara numerous lakes 
and wetlands which are characteristic of a recently qlaciated 
plain. 

1.2 Surtace wattr 

The major sources of inflow to Torch Lake are Trap Rock River, and 
Hammell, Dover, Mccallma, and Sawill creeks. The larqast is Trap 
Rock River which discharges directly into the north end of Torch 
Lake. Th• Trap Rock River watershed covers approximately 4 6 square 
miles and 58t of the total Torch Lake Basin. As a result of the 
minin9 industry, tributaries to th• Torch Lake Basin transport an 
abundance of stored mine tailings. It is estimated that 2, ooo 
kiloc;rams pez: year of dissolved copper is transported throuqh 
tributaries into Trap Rock River and eventually deposited into 
Torch Lake. Transport of these tailings durinq hiqh maqni tude 
discharge is expected during the winter thaw floodinq events. 

1.3 Ceoloqy 

Most of the western shoreline of Torch Lake is composed of variable 
sized tailing material. The 111aterial ranqes from _pebbles to coarse 
sand to fine silt. Th• remaining constituents of the shoreline 
sediments are conqlomarate and basal tic rock indigenous to the 
Upper Peninsula. 
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Th• xavaanav Peninsula is underlain by Pr•c:aabrian roc:Jca over wnic:h. 
glacially transported deposit• are lain. Multiple advances and 
retreats during glacial episodes have scoured th• resistant b•drock 
and intillad many of the alluvial valleys. Th• various types of 
qlacial deposits that are foand in the r89ion include till, 
lacustrine, and outwash. 

1.4 Soils 

The soils in the area consist primarily ot sandy and silty loams. 
These types of soils develop from till, outwash, Holocene alluviWD, 
and reddish clays. In local areas, th• reddish clays are deposited 
between the qround surface and the bedrock. Soils in the qlacial 
deposits are spodosol, which develop under torest veqetation and 
tend to concentrate iron and alW11inum oxides within the reddish 
clay •s• horizon. Th• soils in th• area tend to have traqipans 
which develop 19 - 24 inches below th• surface. The !raqipans 
resist root penetration and water intiltration, directinq the tlow 
ot water laterally before penatratinq into th• qrcund water system. 

1.5 Ground Water 

Th• o.s. Geoloqical Survey conducted well water samplinq in 1968 
and 1977. Analysis ot thoa• samples indicate that ct 35 wells in 
Houqbton County, only three had a specitic conductance qreater than 
500 llicro11ho• per centimeter (Wlho/c:m) ('EPA, 1981) • The data trom 
th• analysis of th• Houqhton County well water samples also showed 
mo•t of the wells contained very lov levels of chloride, sulfates 
and dissolved solida. Th• pH ranged from 5.0 - 9.0 tor the 35 
wells. During the time of these tests, analysis of the data 
indicated a good quality water source tor th• qeneral area. 

All qround water wells drilled on the north and west side ot Torch 
Lalca are set in bedrock du• to th• bedrock'• hiqh stratiqraphic 
position. Many of th• Torch Lake ccmmunities and seasonal 
residents have converted their ho••• to a municipal well water 
system or the Grec)orie water system, an independently owned well 
water supplier. other communities, such as Hubbell, receive their 
water supply fra laZ'9er cities, such a• calumet tc the northwest. 

2.0 SID BACKQROtlHR 

Tcrch I.aka ~· located ln th• copper mininq district of the upper 
peninsula of Michiqan. Deposit. of native ccpper extend 100 miles 
southwest, in a belt b89innin9 at the tip of the Keweenaw 
Peninsula. Copper mininq beqan on th• Keweenaw Peninsula in the 
1saos with th• first mill openinq on Torch Lak• in 1sas. Milled 
copper was extracted by crushinq or •stampin9• th• rocks into 
S111aller pieces. Th• extracted copper was than sent tc a smelter 
and melted. Th• remaining crushed roclc particles, called 
•tailinq•• or •stampsands•, war• discarded with the mill proc:essinq 
water into Torch take or th• Keweenaw waterway. Kininq output, 
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milling activities and tailinqs production peaked in the Torch Lake 
area in the early 1900s to 1920. All ot the mills wera located on 
the north shore of the lake. Records from the mills describe 
pumping of tailinqs into Torch Lake as well as deposition ot 
tailings on property around Torch La.Jta. 

In around 1916 and 1917, new tec:hnoloqy was introduced to extract 
copper which utilized l.i:me, pyridine oil, coal-tar creosotes, wood 
creosote, pine oil, cupric umonia and xanthates. After the 
extraction, the chemically contaminated water was returned to the 
la.Jee. 

In the Torch Lake area over 10.5 billion pounds of native copper 
were processed. Between 1868 alld 1968 at least 200 million tens 
ot tailinqs were dumped into Torch Lake, fillinq at least 20 
percent ot the oriqinal volume of the lake, resultinq in drastic 
chanqes in the qeoc;raphy of the shoreline. 

In the 1920s, workers anqry durinq local mill strikes were rumored 
to ha~e concealed explosives in drwlls. Information from local 
residents indicates that the explosive drums may have been left 
alonq the shores of Torch Lake, and may have eventually been placed 
in the Lake. 

In the 1970s, the Michiqan Water Resources Commission (MWRC) 
collected baseline data on the chemical profile of the water and 
the biota ot Torch Lake. In 1972 a larqe volume of cupric ammonium 
carbonate was discharqed from storaqe tanks located at the Lake 
Linden Leachinq Plant into Torch Lake. The MWRC investiqated the 
spill and determined that no siqnif icant deleterious effects from 
the spill had occurred to the surface water quality, alqae and 
fish, based on comparisons to the data from the 1970 study. 

Michiqan Technical University (MTtJ) researchers have contributed 
numerous studies on the impact copper mininq wastes have had on 
the water quality and biological integrity ot the Torch I.alee area. 
Some examples ot studies conducted by MTO are: "Tumor Induction 
study" of fish liver histology: the "Environmental Fate of 
Xanthates and Creosotes": the "Tumor Incidence and Parasite survey 
of Perch, Walleye, and Sauqer from Torch Lake, Houqhton county 
Michigan•: and the "Copper Budqet for Torch Lake". 

Torch Lake presently receives industrial discharqe from mininq and 
non-mininq industry. In 1980 the Peninsula Copper Industry 
Recyclinq Plant, owned by the Venture•s Group, began operations 
which includes discharqinq its non-contact coolinq water into Torch 
I.alee. Exploratory research at the Centennial Mine in 1980 resulted 
in a dewaterinq discharqe into the Slauqhterhouse creek, a 
tributary of Trap Rock River which flows into Torch I.alee. 



In 1983, the Michiqan Department of p-w,1ic Health (MDPR) issued an 
advisory aqainst the consumption of all sauqer and vall•Y• from 
Torch Lake because of th• number of fish that had d~l tumors. 
Th• advisory was issued as a precautionary maasur• until the 
causative factor(s) of the fish tumors and the potential risk to 
humans could be identified. 'l'h• advisory was still in affect at 
th• ta• of Technical Assistance Team (TAT) samplinq in July 1989. 
In 1983, the International Joint Commission Water Quality Board 
desiqnated Torch Lale• u a Creat Laku Ar•• of Concern (AOC). An 
AOC is defined as an area with a Jcnovn illpainlent of a dasiqnated 
use. The AOC is confined to Torch I.alt• and its shores on the basis 
of th• fish consumption advisory, tumor frequency, metal
contaminated sedaents, the apact on biota, and th• history cf 
mininq waste disposal. In 198~ a study by the MNDR determined that 
th• lake sediments are heavily contaminated with heavy metals such 
as copper, zinc, tin, and lead. on June 10, 1988, Torch Lake was 
placed on th• National Priorities List (NPL), under the 
Comprehensive Environmental Response, Compensation and Liability 
Act (C!JtCLA), and on Sept8lllDer 28, 1988 a Remedial Investiqaticn/ 
FeasiDility Study (JU/FS) was initiated by th• U.S. Environmental 
Protection Aqency (U.S. EPA), with Jae Lee as U.S. EPA Remedial 
Project Manager (RPM). 

3.0 Strg·INSPECTION 

On June 21, 1989, 'l'A'l' vu tasked by th• u.s. EPA to perform a site 
assessment and collect samples from abandoned drwns and visually 
contaminated soils alonq the northern perimeter of Torch Lake. on 
July 17, 1989, TAT was additionally requested to cQllect 
residential and municipal well water samples. 

3.1 Prwa and Sgil Sampling 

on June 21, 1989, TAT me8ers Steve Renninger, Frank Beodray, and 
Louise Raimondo were met by U.S.EPA on-scene Coordinator (OSC) 
Walter Nied and RPM Lee in the town of Lake Linden located on the 
shores of Torch Lake. TA~ conducted samplinq ot drums and 
potentially conta•inated soils alonq the shorelin~ of Torch Laka. 

Eiqht drua and tive soil samples were collected alonq the northern 
and western shoreline ot Torch Lake (Table 1). Air monitorinq was 
conducted in the sampli~q areas with a pbotoionization detector 
(HNt1 - 10.2 ionization potential probe) and radiation meter. TAT 
sampled two locationa at Lake Linden. At the first sample 
location, which wa• •ituated alonq th• debris-covered shoreline ot 
Torch Lake (Fiqure 3), three drum samplu were collected (S-57, s-
58, s-59). A soil sample (S-65) wa• collected from a man-made 
tailinqs island covered vith stunted conifer v99etation. Sample 
S-60 was collected near an abandoned buildinq from corruqated 
material used for roof inq which had weathered and fallen to the 
qround (Fiqure 4). The TAT documented the presence of unidentitied 
drums containinq wastes, steualinas with deteriorated insulation, 

5 



and tvo stora9G :anJcs within the abandoned warehouse. No ambient 
air reading• exceeded bacJcqround level• at the Lake Linden samplinq 
locationa. 

TAT then collected samples frcm drums located in the southern 
extent of the city of Hu.bb•ll, which is locally referred to as 
Tamarack City. crwu were sampled in thr•• separate areas in 
Hubbell (Figure 4). 'l'h• first drwa suapling area was lcicated alonq 
the debris-covered shoreline of Tcirch Lake. On• drum sample cs
Sl) was collected because it was believed to be representative cit 
all the drums. TAT photCldoc:wzaantad th• drums scattered alcinq the 
shoreline and into the shallows of Torch I.alee. Th• second drum 
samplinq area in HU):)bell wa• located away trcim th• shoreline in a 
heavily veqetatad area. Sample S-62 was ccillacted trcim an 
overturned drum which was observed to contain a black, tar-like 
waste that had partially spilled onto the soil. Two samples, S-63 
and S-64, were collected at th• third samplinq lcication trcim the 
soils adjacent to two transtormer pads, where lcical residents had 
previously reported fluid spills. No readinqs were recorded above 
backqround durinq air mcinitorinq at the HU):)bell samplinq locations. 

Th• final samplinq locaticins were near the town ot Mason (Fiqure 
5). TAT conducted air monitorinq in the sampling areas recordinq 
no aml:lient air raadinqs above backqrciund levels. Two locations 
were sampled by TAT in a woQded area containinq randomly dispersed 
55-qallon drums. A total ot tour samples ware collected: one solid 
(S-67), from an overturned, uncovered drum; one soil (S-68), 
collected directly underneath a drum; and two liquid (S-66 and s-
69), from drwu that contained liquida. 

A backqround sample (S-70) was collected on the east side cit Torch 
Lake. Analytical parameters are swnmarizad in Table 1. The 
samples were analyzed by National Contract ~oratciry Proqram (CLP) 
taboratori•• and ATEC Aasociat .. , Inc. 

3.2 Ground Water Sampling 

on July 18, 1989, TAT members Seodray and Anne Anderson returned 
to Houc;hton, Michiqan, to conduct water samplinq ot residential and 
municipal wells in or around Torch I.alee. The purpose ot the well 
water samplinq was to determine whether the potential ccintamination 
ot Tcirch Lake had affected qround water quality. Air monitoring 
with the HNU was conduct•~ on a sample-by-sample basis • 

. 
TAT sampled the water of •ix private residential wells, t· ... o 
municipal well• and one well providinq water to 40 renters in the 
town ot Mason (Table 2). All private well water samples were 
collected alonq the northem shore of Torch I.alee alonq State Route 
fl (Bootjack Road) and Trap Roc:Jc Road (Fiqures S and 7). The 
tollowinq objectiv .. were used in determininq the well locaticr.s 
to be sampled: wells which were located in close proximity to 
suspected sources of contamination: were of shallow depth: we~e 
screened in suspect formations: were located in close proximity ~= 
the lake; and/or serve a la~• number ot people (>30 individuals> 
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Sample• v•r• collected from th• spiqot located closest to the well 
and prior to any water treatment •Y•t- or holdinq tank. All 
•amples v•r• analyzed tor volatile orqanic compounds (VOCs) and 
hazardous sul:lstanca l i•t (RSI.) aatal•, and two sampl as ware 
additionally analyzed tor acid and base/neutral• (ABM) and cyanide, 
under 'l'AT Analytical S•rvic•• '1'0Df5-8907-L4, by Weston-Gulf coast Lab•. 
4.0 NfALX'l'IQ.L RJSPL'l'S 

'1'ha analytical results from the TAT samplinq ar• summarized in 
'1'~1•• 3-7. 

•·1 PI'UJI and Soil Sampling 

'!'ha EP toxicity ••tal• data, swmarized in Tele 3, indicates that 
none of th• material sampled is considered hazardous based on the 
RCRA characteristics of U toxicity (all levels were below the 
~axiawl concentrations established in 49 C!"R Part 251). 

!\nalytical results of th• RCRA/asbestos analysis are summarized in 
Tela 4. The material sampled tor RCRA parameter analysis was net 
considered to be hazardous based on RCRA characteristics. Asbestos 
analysis indicat .. that the roofinq tile material contains 30-40 
percent chrysotil• asbestos. 

orqanic analysis of the samples i• swmurizad in Table 5. None ct 
th• sample• contained pesticid.. or PCB• above method detection 
limits. Th• sampl• from Hul:lbell-Drum f2 (S62) contained 4000 ppm 
trichloroathen• (TCE) and 34 ppm bis(2-ethylhexyl)phthalate. 
Samples s-58 and s-sa contained methylene chloride at 5 ppm and 3 
ppm respectively, but methylene chloride vas also detected in tha 
backqround sample. Contaminants detected at estimated levels 
include: acetone, benzene, 2-hexanona, xylene, tetrachlorathane, 
banzoic acid, phenanthrene, tluoranthane, pyrene, chrysena, di-n
octylphthalate, naphthalene and 2-methylnaphthalen•. Additional 
tentatively identified orqanic compounds tor th• samples are 
summarizecl in Attachment A. 'l"h• analytical results ot th• total 
HSL metals and cyanide analysis tor the background soil sample are 
sW11J11arized in Tabla s. ·All of th• lev•l• detected were within the 
typical conc:antration ranqes of metals in soil. Total metals and 
cyanide analytical rasul ts tor the ramaininq sample• were not 
available at th• time ot writin9. 

4.2 Ground Wat1r sapplinq 

Analytical results of th• TAT well water sampling are summarized 
in Tabla 7. 'l'h• sample collected troa the Villaqa of talc• Linden 
MUnicipal Well (S-77) contained iron lev•l• (0.33 p~) qreater than 
the secondary maxiJIWI contaminant level (SMCI.) of 0.3 ppm. None 
ot the orqanic:s detected in the samples ware at levels above the 
MCI. or removal action level (RAL). j 

15 ~ 
"\ 



TAB LB ., 
ANALYT~CAL RESULTS OR TAT WELL NATER SAMPLING* 

'tORCH LAKE, HUBBELL, HI 
JULY 18, 1989 
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• Background continued from Page 1 

Torch l.aKe s \\estem shore the larger 
commun1t1e5 or Houghton Hancocl-. 
and Calumet lie 10-15 miles fu"'ther to 
the \\est Wetlands bound the lal-.e on 
the east Torch l.aJ..e is used ror iisning 
t:1oatmg S\,1mmmg 'iOn-contac: coo11i"g 
\\Jter suppl) and \\ ildhfe nab1~t In 
:i.dd1tion treated v.astewater from the 
regional sev.age lagoon s:i-stem 1s dis
charged mto Torch Lake 

His~ of Mining Operations 
at the Site -

these processes invo1\ed areagm~ up 
the tailings combmmg them \\Ith v.ater 
and 011. and ag1~tmg the mixture to 
produce a rroth upon wn1ch copper
bean ng particles would float. During 
the 1920s. a \ariet\ or chemicals .... ere 
used to rurther .ncrease tJ.ie erfic1enC) or 
this process lJler the process was com
pleted. the chem1call} treated tailings 
were once again dumped back mto 
Torch Lake. 

·e For approximately 100 vears. from 1868 ' 

Bv the time the last .:oppe'" mill had 
closed m 1968.0Ve'rlo 5 b1lhori pounas 
of native copper had been produced 
from th!S area. More than halt of this 
amount had been processed along the 
shores of Toren Lake Between 1868 and 
1908. approximate!~ 200 m1lhon tons of 
tailings were aumped mto Torch Lake 
rilling m at least 20 percent of the lake s 
original volume. These deposits created 
small tailings peninsulas'' m the lake 
and resulted m other changes to the 
original shape of the shoreline. 

to the late 1960s. Torch Lake .,..as the ' 
site of copper milling and smelting rac1l-
1t1es and was a dumping grounc! for cop
per mining and milling wastes. All of 
the mills were located on the west side 
or the lake Copper was extracted b\' 
crushing or stamping' the rock mto 
smaller pieces grinding the pieces. and 
dnvmg them through successive!} 
smaller meshes Until the earl) 1900s. 
the copper and crushed rock were then 
seoarated using graVJty The coope! was 
subsequentlv sent to the smelte,. and 
the c!'UShed rock particles called "tail· 
iq," or .. stampaada." were d1s::ard-
ed with the mill processing water typ1-
call} into the lake or waterway. Because 
or tne inefficiency of thJ.S early milling 
process. substantial amounts of copper 
remained m the discarded tailings. 

B) 1916 reclamation plants were usmg 
nev. processes to recover additional cop
per rrom the discarded tailings. One of 

Environmental Actions to Date 

Environmental concern about the cen
tun-long depos1t1on of tailings mto 
Torch Lake began m the early 1970s. 
High levels of copper and hea\fY metals 
(such as anenic and cbramiamJ 
found m Torch Lake water. secllmeab. 

, and taJhngs. chemical spills and other 
toXJc dJSCharges. and fish tumors have 
prompted many mvest1gat1ons mto the 

' possible impacts of mme-waste d1Sposal. 
Numerous regulatory actions have been 

• Rl/FS Activities· Planned for the Torch Lake Site 
~ mentioned earher. the entire Torch 
Lake Superfund site 1s quite large, 
encompassing all of Torch Lake. the 
northern half of Portage- Lake. the North 
Entry to Lake Supenor. and tnbutary 

·areas. Furthennore, mne different kmds 
'of samples may need to be collected and 
analyzed: ! ll ta1hngs, (21 surface 
water. !3) ~water, (41 drums. 
<51 soil. (6) wetlands.(;") sediments. 
!8) air and !91 biota. especially the fish 
population !see Figure 21. 

Because of the magnitude oi the site and 
the d1vers1ty or sampling and analysis 
that may be necessary. C S. EPA has 
d1V1ded the site into three segments:' 
called Operallle Units !OUI (Figure 3). 
Operable Unit l tOL' II includes the sur
face ta1hngs on the western shore of 
Torch Lake. Operao1e l.imt II !OC Ill 
includes other areas or potential con
tam1nat1on in and around Torch Lake. 

, mcludmg soil ground .... ater submerged 
tailings. sediment sunace ''ater and 

taken b' state. national and mtena
t1onal agencies. For e>.ample m J 912 
the \11ch1gan Water Resources Cornm•s
s1on studied the impact of a chemical 
spill mto the northern end or Torch 
Lake at the Lal-.e Linden Leacnmg P!ar.t 
In ig53 the ~11cn:gan Department or 
Pub he Health announced an J.O\ 1sol'} 
against consumir.g Torch Lake sauger 
and v.·alleve because ot reported aonor
mal1t1es and lesions m tne ·~sh 1 ~full 
chronology of significant regul:ltory 
agenC\ act1V1t1es at the Torch L.lhe s.te 
1s presented on page~ > Ho\, eve· the 
causes and full extent ot tt>e env1 ron
mental problems related to Tor.::i !..:i."e 
remam unclear. 

In 1984. I,; S EP.\ designated Tore!-: W.he 
as a Superfaad site. addmg it :o :"le -
National Priorities Liat a roster 01 

uncontrolled hazardous .... aste sites eli
gible for federal investigation and 
cleanup funds. L.S EP.~ took t111s 
action based on : I J :he ele,ateo 1e· e's 
Oicopper and heavv me2ls ;o~:id .n 
Torch Lake \\.ater sed1me:-~s a-c :.:.11-
mgs. 121 the 19i2 chemical spdi .,to :,..,e 
north end or Torch Lake and 31 t,e 
1983 fish consumptior aG\.SOl"\ In 
1985. L S. EPA began a searcn ror 
Potentiall)i Respoaaible Parties 
(PRPal and has so far ident:fied and 
concluded negot1at1ons with t"lree PRPs 
ln 1988 the State of ~ich1gan issued a 
letter of assurance enabling L S EPA to 
conduct a long-term RL'fS Spe::ai~ 
about the EPA investigation to oegm 
later this month are presented ir. :he 
following section. 

biota. Operable Unit Ill consists or other 
ta1hngs sot.rces m the m1d-Kewe~naw 
Pemmula. mcludmg the :-.orth Entry, 
the northern portion oi Portag~ Lake. 
and tnbutary areas. Separate RI fSs w1l 
be conducted for each Operabie Lmt_ 

The RVFS for OC I w1:I ~eg1r •s: :md 1s 
discussed m more deta1l 0;r :-~ ,~,-; 

page. 

-·-~. in ;:age : 
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~IC?!CA.~ DEPAR~"T OF ~ATl"R.AL RESOURCES 
SL'RFACE •ATER Q~Al!TY DIVISION 

~.ARCH 1990 

STAFF RE?OR7 

r!S~ GROll!1{ A.~C~:ALI!S IN TCRCH A.'m POP7AGE :.AKES 
1974-198~ 

HorcF:o~ COUNTY, ~!CHIGA.~ 

Follo•ing the report and desc=iption of several anomalous growths ~n ~:: 
sauger and walleyes from Tor:h Lake (Black et al; 198~), the ~1cni~an· 
Department of Public Healer. (~PH) issued a fish consumption advisory =~~ 
Torch Lake walleye and sauger in 1983. In 1984, the lake (Figure l) •as 
designated as a 307 site under the Michigan Environmental Responge Act, 
Act 307 of 1982. Also in 1984, the U.S. EPA designated Torch Lake, as 
vell as other locatior.s in the area having mi~!ng vasces, as a Super:-~: 
site. Site evaluatior. by EPA is ongoing. In 1985, th• Inter~ational 
:oint CO=ilission's CI:C) Water Quality Board designated Torch Lake as a 
Great Lakes Area of Concini (AOC), solely on the basis of the fish 
consumption advisory limited to sauger and walleye (IJC, 1985). A 
remedial action plan CRAP) was completed £or Torch Lake by the ~!c~!ga~ 
Department of Natural Resources (HDNR) Surface Water Quality Div!s~=~ a~d 
presented to the IJC in 1987 (Evans 1987). 

In the RAP, several activities vere to be undertaken by the MD~R. 
Walleye or 1au1er were to be stocked annually for a period of yea=s a~d 
water and fish were to be sampled in 1988 in Torch Lake, as well as t~e 
adjoining Portage Lake. Walleyes have since been stocked annual!y, 
except for one year when sauger were 1tock1d. Fi1h were collected 1~ 
1988 as plumed Uld aA&lyzed for contaminant• and tumors. The pur~ose 
of this report ii to pre1ent the fish contaminant and tumor data and 
c~are it to otber data where appropriate. 

FINDINGS AND CONCLUSIONS 

l. Oramaic contaminants were at trace l1vel1 in ti1sue1 from fish 
collected ill Torch and Portage Lak11. Only four (4) of the 56 :ish 
•.-Pl•• ~lyzed for .. rcury had concentrations that exceeded c~e 
0.5 ma/kl cOlllumption advi1ory action limit and none exceeded :.~ 
ma/ka. Overall, the fish fros tbe1e lake1 are caon1 th• least 
contaainated f isb enc"Ulltered in the Micbi1an Fish Contaminant 
Monitorina Pro1raa. 

i. No ii:ltenial or external 1r~h anoaalies ver• ob1erv1d aaong t~e 
458 fi1b collected 1A 1988. No liver n1op1 .... (cancerous grovt~s) 
vere found aaoa1 the 47 valleye1 collected ill 1988 nor ill 25 wal:eyes 
collected ill 1985. The incidence of liver aeopla ... has appare~t~v 
declined and may cov be near nor.al back1r011Dd level1, hO"ever, 
additional study is needed to more accurately deter9ine no~l :r 
back&rouad tWIOr frequenc~es, iipitiilly id older and larger !:s· 

-l-



3. Saucers were not collected in 1988 following an extended ?•riod of 
pol'Ulation decline which began in the l960's. Sauger are a cu=~~c 
water fish and once the vaters c:eared. as copper ore milling dec~ease~ 
and then stopped, sauger were apparently no longer able ec out-
compete other game fish. Sauger, for all practical pur~cses, are ~o 
longer important to the sports fishery of Torch and Portage Lakes. 

4. Bioassays o! the water and sedimer.ts o: 7orch Lake, have not 
indicated the presence of a carc~nogenic substance. •~e data do 
not support the basis for the continuance of th!s spe~i::c ;:sh 
ccr.sumption advisory. 

BACKGROL~~ 

7orch Lake, locatec on t~e Keweenaw Peninsula and tributary co ?ortage 
take and :ake Superior, came to the national fcrefronc in l98Z when · 
abnormal or tumorous grovths were described from the liver, spleen, ar.d 
mesenteries of the lake's old sauger and walleye. The highly visible 
external tumors on these species have been associated with viral 
infections and are common in Great Lakes populations. Ocher fish in :~e 
diverse fish co111111Unities of Torch and Portage Lakes have not exhibited 
either external or internal growths considered abnormal. 

The Michigan Department of Public Health issued a fish consumption 
advisory on Torch Lake sauger and walleye in 1983 even though these :1s~ 
:ove f~eely into Portage Lake and Lake Superior. The advisory was iss-ed 
as a precaution, until the causative agent or agents, if present, in 
Torcb Lake could be determined. No tumor inducing agents have been 
identified, either by chemical analysis or bioassays, at levels that 
would cause the high incidence of liver tumors. 

Consumption of fish vith tumors or abnormal grovch1, while aesthetica::v 
displeasing, is not known to tran.mit tumors to humans. Since :::c~ ~ake 
was the center of an outstanding sauger fishery for many y1ar1 prior to 
the closing of tbe riparian copper mills and smelter, it seemed reaso~able 
to concentrate c01l8iderable study effort on Torch Lake and the copper 
industry for po11ible fiab CWIOr inducers. Several studies vere 
c~pleced and bave been suaDarized in cbe RAP (Evans, 1987). Tumor 
1nducti01l studies of tbe appropriate copper flotation chemicals have ~ot 
been completed. 

Torch Lake received approzimately 200 milli01l ton• of copper ore 
ca1111111 becveea the lace 1860'• and the 1960'1 (Markham 1986). Over 
20 percent of cbi1 1100 hectare lake (present mean depth li :e:e=s 1 •as 
filled vitb tailings, and relatively ... 11 amounts of industr:a: and 
IN1l1cipal traah. Rav sewage and miD• pumpage were also discharged to t~e 
lake. SilDilar t>"'e• of waace were di1cbar1ed to Lake Superior and 
Porca1• Lake. 

sc..,u.1 tbe copper ores and rec°"ering the native copper wa1 • 
relatively inefficient proce11 initi&lly, and C01lliderable copper was 
known to eziat in the coarse tailings (scamp 1and1) in the lake. In 
1915, leaching of conaloaerate tailings and ores witb cupric ammoniu: 

-3-



Torch Lake Mimng Waste NPL Site Summary Report 

Reference S 

Technical Memorandum Number 1; 
From Jeffrey D. Maletzke, Donahue & AsMKiates, Inc., to Lori Ransome, 

Donahue & AMociates, Inc.; July 28, 1989 



C:.neral 

The histor7 of copper minin9 in this re9ion and subsequent deposition of 
tailings in Torcb Lake, spans a period of approximately lOO years, from the 
late 1860'• to th• late 1960 1 1. The copper mined was found in con9lomerate 
and amy9daloid forms. Conglomerate is formed by compaction and cementat1on of 
river-deposited gravel, vith copper in interstitial spaces. Alllygdaloid ~s 

derived when vesicles foraed in cooling lava become filled with copper. 

once •ined, tb• ore was transported to mills alon; th• western shore of Toren 
take (Pi9ure lJ where the ore was crushed (or stamped). The copper and 
crushed rock were separated by qravimetric 1ortin9 in which the difference 1n 
specific gravity between th• copper and the crushed rock permitted tbe copper 
to be concentrated and extracted. Th• waste sands (tailings) produced from 
th••• operations were discarded, typicall7 bf pwqiin9 1nto Torch I.ake. Values 
~ to one-fourth of th• total copper were lost in tb• vast• sands. 

89'inn1n9 about 1916, spurred by var time economr and advances, in metall~r91. 
the tailin91 were dred9ed fro• tbe lake, screened, recrusbed, and 9ravit1 
separated at one of thr•• reclamation plants. From oldest to youngest these 
plants included th• C&lum•t and Hecla (1916), th• Tamarack (l925J, and ~~• 
Quincy (1943) (liqure l). At these plants, an ammonia leaching process ~as 
used to recover copper from conglomerate tailings, and a flotation proce~a wAs 
used to extract copper from botb con;lomorate and amygdaloid tailings. 

Th• leaching prac:ess involved th• dissolution of metallic copper in a c-~pr1c 
ammcniua solution containing an exce11 of ammonium carbonate. With the c~pper 
dissolved aa either cuprous or cupric ammonium carbonate, steam distillat\Cn 
was emplo7ed to cool and cond•D•• the caraon dioxide and ammonia, thereby 
facilitating recover7 of the copper. Leaching accounted for 40 percent nf ~~e 
copper reclauaed fro• the original stamp sands. 

Th• flotation proc••• involved agitation of ore, water, oil, and chemicals to 
produce a froth, supporting copper-bearing particles. 'rypical reagents 
consisted of 50 percent coal tar, 15 percent pyridine oil, 20 percent coal ~Ar 
creosote, and 15 percent wood creosote. In 1926, xantb&te1 were introduced. 
Prior to the use of xantb&t••• only congl0111erate ta1l1ng1 were treated cy 
flotation. Approximately 0.05 pound• of potassium And sodium xanthatt ~•~• 
used per ton of ore in coabil\at1on v1th 0.15 pounds of pine oil per ton ~f 
ore. Pine oil contained wood creosote. Flotation accounted for lO percent of 
the copper reclaimed in the or19inal stamp sands. 

After recl ... tiOii, th• chemically treated ta1ling1 were returned to Tor:~ 
I.ake. Th• pre1mat location and extent of th• tailings presumably reflects en• 
final place .. nt aiter proce11in9 ~f th• respective reclamation plants. 

Th• follovin9 di1cu1aion st ... directly from 111p1 and descriptions found in 
the MTt1 arcbive1, aa vell a• frc• field reconnai11ance. Durin9 field recon
naissance the location and extent of th• tailin9s, •• vell as other notable 
features, ver• .. pped on air photos <Figur11 2 througb 6). Tailing• ~•r• t~en 
assigned to sectors•• indicated on t~• air photos and ?i;ur• 7. Eacn sector 
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TABLE 2 

DETECTED INOffGANJC COMPOUNDS Cug/ml) 
AIR TSP SAMPLES 

TORCH LAME RI/PS 
ftUCJU&t 1989 

Hubbell Lake Llnden Mason Background 
AAOl MOl AA02 AA02 AAOl IFD AAOJ AAOJ M04 AA04 

8/18/89 8/26/89 8/lB/89 8/26/89 8/18/89 8/18/89 8/26/89 8/26/89 9/5/8 

Alu•lnu• 0.221 0.201 0.266 0.112 0.145 0.405 0.179 0.127 0.219 
Arsenic 0.0011 0.0016 0.0005 O.OOll O.OOll O.OOl 
Boron 0.110 O.OS17 0.062S 0.0294 0.0788 0.0944 0.0146 0.015 0,080 
Bariu• 0. 00191 0.002 0.0012 0.00151 0.00282 0.00ll5 0.00206 0.00165 0.002 
Calclu• 0.7H 0.799 l.0551 0.620 0.975 1.11 0.840 0.9U 1.0~ 

Cad•iu• 0.00971 0.0276 
Chroalu• 0.00192 0.00169 
Coppel' 0.151 0.201 0.100 0.0858 0.117 0.171 0.0795 0.0808 0. 07!» 
MaCJneaiu• 0.210 0.2l8 0.266 O.lSl O.ll6 O.J80 O.Ul 0.190 0.18] 
Iron 0.291 0.2l1 O.ll6 0.169 0.01 0.516 0.254 0.164 0.170 

Mangan••• 0.00447 0.00406 0.00564 0.00221 0.00915 0.0104 0.00488 0.001114 0.002 
Nickel 0.00427 
Tin 0.009 

Tltanlu• 0.0145 0.00805 0.0149 0.0151 0.0174 0.00976 

line 0.0122 o.osu o.osss 0.0526 0.102 0.121 0.0575 0.0488 0.061 

TSP 20 22 21 21 JO l2 25 18 lt 

FD - Field Dupllcate 
Spaco - Analyzed foe but not detected 
AA - Aablvnt Sa•plu 
TSP - Total &udpended Partlculates 

ARCS/R/TORCHr.Rl/ACl 



Mining Waste NPL Site Summary Report 

United Nuclear Corporation 
Churchrock Site 

Gallup, New Mexico 

U.S. Environmental Protection Agency 
Office of Solid Waste 

June 21, 1991 

FINAL DRAFT 

Prepared by: 

Science Applications International Corporation 
Envrronmental and Health Sciences Group 

1&X>-A Leesburg Pike 
Falls Church, Virginia 22043 



DISCLAIMER AND ACKNOWLEDGEMENTS 

The mention of company or product names is not to be considered an 
endorsement by the U.S Government or by the U.S. Environmental 
Protection Agency (EPA). This document was prepared by Science 
Applications International Corporation (SAIC) in partial fulfillment of 
EPA Contract Number 68-W0-002S, Work Assignment Number 20. 
A previous draft of this report was reviewed by Ricky McCoy of EPA 
Region VI ((214) 655~730], the Remedial Project Manager for the 
site, whose comments have been incorporated into the report. 



INTRODUCTION 

Mining Waste NPL Site Summary Report 

UNITED NUCLEAR CORPORATION 

CHURCHROCK SITE 
GALLUP, NEW MEXICO 

This Site Summary Report for the United Nuclear Churchrock Site is one of a senes of reports on 
mining sites on the National Priorities List (NPL). The reports have been prepared to support EPA's 

mining program activities. In general, these reports summarize types of environmental damages and 

associated mining waste management practices at sites on (or proposed for) the NPL as of February 

11, 1991 (56 ~ Register 5598). This summary report is based on information obtained from 
EPA files and reports and on a review by the EPA Region VI Remedial Project Manager for the site, 
Ricky McCoy. 

SITE OVERVIEW 

The United Nuclear Corporation (UNC) Churchrock Site is an inactive uranium mill and tailings

disposal site located in an isolated area of McKmley County, 15 miles northeast of Gallup, New 
Mexico. The Mill was operational from 1977 to 1982. The Mill, designed to process 4,000 tons of 
ore per day, used the conventional acid-leach solvent-extraction method to extract uranium. The 
waste tailings were pumped to a 100-acre tadmgs-disposal area (see Figure 1). Accordmg to 

radioactive materials license records, between 3.4 and 3.6 million tons of acidic tailings were 

disposed of at the site. In May 1982, UNC closed the Mill to await better uramum market 

conditions; the market did not improve, and UNC announced that the Mill would not reopen 
(Reference l, pages ES-1, ES-3, 1-4, and 1-5). In 1987, UNC submitted a closure plan for 

decommissioning the Mill to the Nuclear Regulation Commission (NRC). 

Arsenic, cadmium, lead, molybdenum, cobalt, manganese, chromium, and radionuclides (mcluding 
uramum and thorium) are the constituents of concern at the site. Although no people reside within 

the site boundary, adjacent land includes the Navajo Indian Reservation to the north and land to the 

east and south held in trust for the Navajo Tribe and ad1D1nistered by the Bureau of Indian Affairs. 

Ten wells are located m slightly over a 3-mlle radius of the site; the closest is 12,000 feet northeast of 

the site. Four of these wells are operational, and are used for both livestock: and domestic purposes 
Land use is primarily grazmg for sheep, cattle, and horses (Reference 1, pages ES-1 through ES-3, 2-
15, and 2-16). Contaminants in the Alluvial Aquifer and/or deeper aquifers at concentrations 

exceeding clean-up standards mclude aluminum, arsenic, cadmium, cobalt, manganese, molybdenum, 
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nickel, selemum, nitrate, Total Dissolved Solids (fDS), radium 226 and radium 228, and gross alpha 

(Reference 2, Table 6). 

In October 1979, the New Mexico Environmental Improvement Division (NMEID) ordered UNC to 

implement a discharge plan to control contaminated tailings seepage which was responsible for 

ground-water contamination. Ground-water pumping and evaporation was initiated in 1981. From 

1979 to 1982, UNC neutrahzed tailings with ammonia and/or lime (Reference 1, page 1-4). 

In 1983, the Churcbrock site was placed on the NPL. In early 1987, UNC submitted a reclamation 

plan to the NRC for decommissioning the mill and began to address monitoring, tailings-seepage 
control, and general decontamination. A Memorandum of Understanding (MOU) between EPA 

Region VI and NRC Region IV was signed in August 1988, this MOU provided that EPA would 

address ground water outside the disposal site, while NRC would address surface reclamation and 

source control. 

Remedial Investigation efforts were initiated by EPA Region VI in 1984 (Reference 2, page 5). In 
1988, a Record of Decision (ROD) describing the remedy at the site, selected in accordance with 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and local 

applicable or relevant and appropnate requirements (ARARs), was signed by EPA Region VI in 

concurrence with the State of New Mexico and NRC. The ROD estimates the present value costs of 

future remedial actions, using a 10 percent discount rate, to be approximately $17 million dollars over 

a 10-year period (Reference 2, Declaration, page 1 and Summary, page 41). 

OPERA TING IIlSfORY 

The Churcbrock Uranium Mill was licensed under a radioactive-materials license in May 1977, and 

began milling operations in June 1977. The Mill was designed to process 4,000 tons of ore per day 

using conventional crushing, grinding, and acid-leach solvent-extraction methods to produce uranium. 

The ore processed at the site (average ore grade 0 12 percent uranium oxide) came from UNC's 

Northeast Churcbrock and Old Churcbrock mmes as well as the nearby Kerr-McGee Quivera mme 

The crushing, grinding, and milling process produced an acidic waste of ground ore and fluids 

referred to as tailings. Tailings waste was pumped to a 100-acre disposal area where between 3 4 and 

3 6 million tons of tailings were disposed (Reference 1, pages 1-1 and 1-4; Reference 2, page 4). 

UNC's tailings-d1Sposal area is located directly east of Pipeline Canyon. The tailings-disposal area 

was subdivided by cross-dikes into cells identified as the South Cell, Central Cell, and North Cell 

areas. Two soil-borrow pits are m the Central Cell area (Reference 2, page 1) (see Figure 1) 
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(Reference 4). In July 1979, the dam on the South Cell breached, releasing approximately 93 million 
gallons of tailings and pond water to the Rio Puerco River. The dam was repaired and clean-up 
actions were taken (Reference l, page 1-4; Reference 2, page 4). 

In October 1979, NMEID ordered UNC to implemem a discharge plan to control tailings seepage that 
was responsible for ground-water contamination. In 1981, UNC implemented a ground-water 
pumping system that withdrew ground water and returned it to a lined pond for evaporation 
(Reference 1 page 1-4; Reference 2, page 4). In response to NMEID concerns that acid solutions in 
tailings were major factors in mobilizing contaminants, UNC added lime or ammonia to the tailings 
from 1979 to 1982 (Reference 1, page 1-4). 

In May 1982, UNC announced that it was going to temporarily close the Cburchrock Uranium Mill 
due to depressed uranium market cond1bons. The market did not recover, and UNC closed the 
facility. In 1987, UNC submitted a closure plan to NRC to decommission the Mill (Reference 1, 
page 1-4; Reference 2, page 4). 

SITE CHARACTERIZATION 

EPA conducted a Remedial Investigation, completed in August 1987, to determine the nature and 
extent of ground-water contamination in aquifers presem at the site. EPA concluded that three 
primary aquifers of concern ex1Sted, the Alluvial Aquifer and the Zone 1 and Zone 3 Aquifers of the 
Upper Gallup Sandstone (Reference l, page ES-6). The Alluvial Aquifer has been contaminated by 
mine discharges and tailings seepage. Several distinct plumes exist, the ma1or one extending 
southwest from the South Cell for at least 1,000 feet downgradiem. Other plumes extend to the 
north. Numerous contaminants exceeded National Primary and Secondary Drinking Water Standards 
(DWSs) (Reference 1, page ES-9). 

Source Charactelimtion 

Tailings solids are believed to be the main source of contamination on the Churchrock site. Ta1hngs 
solids- and liquids-source sampling was not conducted during the Remedial Investigation. However, 
analytical results characterizing these materials were obtained from previous investigations conducted 
by UNC in February 1986 and by NRC in April 1987 (Reference 1, page 5-1). Tailings fluids were 

characterized as acidic, high dissolved solids water with sulfate, ammonia, and sodium as the 
principal ions. Metal concentrations, particularly aluminum and iron, were very high [each over 
1,000 milligrams per liter (mg/I)]. Radioactivity (thorium 230) was also high [10,000 to 50,000 pico 
Curies per liter (pCi/I)]. Additional data offered by NMEID suggested ammoma concentrations as 
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high as 4,000 mg/I; nitrate as high as 17 mg/I; and arsenic as high as 1.87 mg/I. NRC's 1987 

sampling showed a pH of 3 34, TDS over 58,000 mg/I, ammonia over 5,800 mg/I, thorium 230 of 13 

pCi/I, iron of 2,700 mg/I, lead of 3.34 mg/I, and radium 226 of 24 Pei/I. The Remedial Investigation 

suggested that the tailings-liquor cherrustry may have been variable throughout its discharge history 

(Reference 1, pages 5-1 through 5-3). 

Surface Water 

The original goal of the Remedial Investigation's surface-water studies was to determine the amount 

of infiltration occurring along Pipeline Canyon at the taLlings-disposal area. This data was to be used 

to understand the recharge characteristics of the aquifers present at the Churchrock: site, as well as to 

determine the quality of the surface water. At the time of the Remedial Investigation studies, Pipeline 

Canyon had a perennial flow since 1968 as a result of mine dewatering from the Kerr-McGee and 

UNC mines. During active periods of dewatering, surface-water gauging indicated a loss of nearly 

200 gallons per minute (gpm) of perennial flow along Pipeline Canyon over a distance of less than 1 

mile through the study area due to evaporation and seepage. Following the cessation of mine 

dewatering by UNC in 1983 and Kerr-McGee in 1986, the Canyon returned to its natural, ephemeral

drainage patterns. This has resulted m a substantial decrease in the volume of water that can infiltrate 

into ground water (Reference 1, pages ES-5, 5-3 through 5-5). 

Surface-water sampling was conducted prior to the cessation of mine discharges (i.e., before reversion 

to ephemeral flow). Water quality was governed by mine discharges, precipitation, and upgrad1ent 

surface water. TDS concentrations were approximately 500 mg/I. The major anions were 

bicarbonate and sulfate, and the prominent cations were calcium and magnesium. Contaminants 

detected in surface water are listed in Table 1 (Reference 1, page 5-6). 

Low met.al concentrations were believed to be a function of the pH. It was also noted that, because 

infiltrating surface waters would dissolve constituents as they pass through the alluvium and bedrock:, 

surface-water quality would not necessarily reflect ground-water background quality. Radiological 

analyses indicated the presence of radionuclides, which were attributed to the source rock in the mines 

(Reference 1, pages 5-6 and 5-7). 
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TABLE 1. CONCENTRATION OF CONSTITUENTS IN SURFACE WATER 

Concentration 
Constituent (mg/I) 

pH 7.6 to 8.6 

Aluminum 0.73 

Barium 0.48 

Iron 0.19 

Manganese 0.03 

Nickel 0.06 

Vanadium 0.05 

Zinc 0.04 

Ground Water 

Complex ground-water flow patterns exist on the site. This is panly due to numerous fractures and 
fissures present in the bedrock units. In add1t1on, Zone 2 of the Upper Gallup Sands.tone is a shale m 
some areas, acting as a barrier betWeen Zones 1 and 3, which otherwise are hydraulically connected 
with each other and with the Alluvial Aquifer. The Mancos Shale, located beneath Zone 1 of the 
Upper Gallup Sandstone, acts as a barrier to mitigate vertical migration into the lower aquifers 

(Reference 1, page ES-7). To analyze contaminant migration in the ground-water, a total of 33 test 
borings were drdled on the site (29 monitoring wells, and four observation wells). The borings 
ranged from 62 to 263 feet deep with an average depth of 160 feet (Reference 1, page 3-5). 

The aquifers of concern include the Alluvial and Zones 3 and 1 of the Upper Gallup Sandstone, all of 

which are hydraulically connected. These Aquifers were sampled and analyzed in March, May, and 

August 1985 and were identified and characterized as described below. 

Alluvial Aquifer 

The Alluvial Aquifer receives water from surface-water infiltration through Pipeline Canyon and from 
recharge from precipitation and seepage from the tailings ponds (as noted, surface-water infiltration 

would be substantially lower since the cessation of mine discharges in 1986). Overall, flow direction 
is to the southwest along the axis of Pipeline Canyon (although seepage from the ponds had caused a 
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mound in local ground-water levels). EPA bas identified several distinct, high-TDS plumes in the 

Alluvial Aquifer that may be the result of mine water, ta1.lings, or other sources. The major plume 

extends southwest of the South Cell of the tailings ponds at least 1,000 feet downgradient of the site. 

TDS values up to 20,000 mg/I were found. The plume extent downgradient has not been determined. 
Other plumes extend north of the tailings ponds. 

In 1985, the alluvial plumes contamed numerous contammants above the Primary and Secondary 

DWSs. Maximum pollutant concentrations found in alluvial ground water included nitrate (greater 
than 300 mg/I), sulfate (greater than 8000 mg/I), selenium (0.4 mg/I), manganese (20 mg/I), 

molybdenum (0.28 mg/I), and cadmium (0.125 mg/I). Gross-alpha activity exceeded Primary DWSs 
m six wells, with levels ranging from 16 to 45 pCi/l, compared to the Maximum Contamination Level 

(MCL) (after subtracting uranium and radon activity) of 15 pCi/I. Water from one alluvial well had a 

gross-beta activity in excess of 50 pCi/I. The radium 226 and 228 standard of 5 pCi/l was exceeded 

in two wells. Concentrations of thorium and uranium isotopes indicated little migration away from 
the tailings ponds (Reference l, pages ES-7, ES-9, and 6-4). 

Zone 3 Upper Galluo Sancistone 

The major flow system in the Zone 3 Aquifer is to the northeast from the North Cell of the site. In 

1985, the Zone 3 Aquifer had been severely impacted by contaminants leached from the north ta1hngs 
cell. A large, elongated plume had migrated more than 2,000 feet from the tailings-disposal site at a 

rate of 337 to 450 feet per year from 1979 to 1985. TDS concentrations near the source were greater 

than 15,000 mg/I with pH values of less than 3. Major ions affectmg water quality included ammonia 

(100 mg/I), sulfate (8000 mg/I), and nitrate (35 mg/I). Radionuclides (radium 226 and 228, thorium 

230, uranium 238, and gross alpha and beta) were present at very high levels onsite and much lower 

(but still elevated) levels offsite. Metals concentrations al$O decreased with distance from the source 

(Reference l, pages 5-46, 5-48, 5-49, 6-5, and 6-6). 

Maximum metal concentrations exceeding Primary and Secondary DWSs in EPA monitonng wells on 

tribal lands to the east included manganese (55 mg/I), arsenic (1.8 mg/I), cadmium (0.277 mg/I), 

chromium (0.135 mg/I), and beryllium (0.254 mg/I). Radionuclides were also found in water from 

Zone 3 Wells on tribal lands 800 feet from the pond (Reference 1, page 6-5). 

Zone 1 Upper Gallup Sandstone 

The Zone 1 Aquifer exhibited predominant flow to the north and received water from the same 

sources as Zone 3. Contamination in Zone 1 was less ext. than m Zone 3. Contaminants were 
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migrating from the North Cell to the northeast and east. A second plume from Soil-borrow Pit 2, 
located within the Central Cell, had moved downgradient to tribal grounds to the east. TDS 
concentrations rangmg from 6,000 to 7,000 mg/I, pH values from 4 to 5, and high nitrate 
concentrations exceeding 100 mg/I were measured in monitoring wells on tribal lands (Reference 1, 
pages ES-12, 6-7, and 6-8). 

Fate and Transport or Mobile Contaminants 

• Arsenic - Arseruc is mobile in an aqueous systems at moderately acidic pHs. Low arsenic 
concentrations (on the order of 0.1 to 0.6 mg/I) are present in the tailings area because at 
very low pH, the arsenate adsorption on iron oxybydoxide is at its highest level. This creates 
an arsenic "reservoir" of adsorbed arsenic. As the pH increases, some of the arsenic is 
released and is mobile. As the oxidation-reduction decreases, most of the arseruc previously 
adsorbed were mto solution and can be transported. Arsenic was found in ons1te Zone l and 
3 Wells at levels over the 0 OS mg/I DWS (at levels up to 2.5 mg/I). The 1985 arsenic 
distribution was a combmation of oxidation-reduction and ground-water flow (Reference l, 
pages 5-62 and 5-63). 

• Molybdenum - In ground water, molybdenum travels (in solution) as an anion, and is not as 
easily attenuated as arsenic. Leachate characterization of the tailings for molybdenum was not 
available; however, values along the tailings embankment northeast of the North Cell 
indicated molybdenum values of 0.2 to 0.7 mg/I. Wells further downgradient had much 
higher molybdenum values (up to 59 mg/I in Zones 1 and 3 Wells). This increase in 
molybdenum concentration with distance could not be explained at the time (another natural or 
anthropogenic source or an earlier "slug" load from the tailings area were suggested as 
possible explanations) (Reference 1, pages 5-65 and 5-66). 

• Maneanese - Manganese is relatively mobile because it typically remains in solution until the 
Ph reaches 8.0 and above. Manganese was typically present at the outer edge of the 
contamination plumes. Manganese is present in the tailings; and wells in all three Aquifers 
throughout the study areas exhibited manganese concentrations above the Secondary DWS 
(Reference 1, page 5-66). 

• Cadmium - Cadmium, like manganese, is relatively mobile. Sorption onto sediments and 
manganese oxide occurs as Ph increases. Adsorption onto organic materials and minerals, 
coprecipitation with metal oxides, and substitution in carbonates also control cadmium 
mobility. In 1985, cadmium was not present above the 0.005 mg/I detection limit in wells 
near the tailings ponds with low Ph values. Downgradient wells exhibited sporadic 
concentrations above the source concentration, suggesting that the cadmium may be inherent 
to natural geologic media or reflective of a previous slug loading (Reference l, pages 5-68 
and 5-69). Historic sampling by NMEID indicates a different cadmium distribution: 
cadmium was rarely found away from the tailings ponds. Away from the ponds, cadmium 
was reportedly absorbed or precipitated (Reference l, page 5-69). 
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• Radjonuclides: 

- Radium 226 and 228 - No measurement of radium activity m the Zone 1 Aquifer exceeded 
the Clean Water Act standard of 5 pCi/l. Only two of eight Alluvial wells exceeded the 
standard. Eleven of 15 Zone 3 Wells had levels ranging up to 47.6 pCi/l; radium activity 
levels decreased rapidly downgrad1ent of the tailings ponds (Reference 1, pages 5-72 
through 5-75). 

- Thorium 230 - Mobihty of thorium at the site was a function of pH. Thorium can remain 
in solution at pH values below 5 (as is the case near the ponds); at higher pH (as 1s the 
case downgradient of the ponds), thorium precipitates and IS immobile. High thorium 
levels were found only in Zone 3 Wells, from 41,000 pCin near the North Cell to about 
0.2 to 0.4 pCi/l near the edge of the pond. Thorium was determined not to be migrating 
far from the ponds (Reference 1, page 5-76). 

- Uranium 238 - Most wells showed uranium 238 activity over 15 pCi/l (an "arbitrary" 
value selected in the Remedial Invest1gat1on to reflect the alpha acuvity standard). 
Uranium 238 activity was found to decrease rapidly away from the core of the contaminant 
plume (Reference 1, pages 5-76 and 5-77). 

- Gross Alpha - Gross alpha readings (without subtracting radon) above 15 pCi/I were found 
throughout the site and m all aquifers of concern. Zone 3 Wells had the highest gross 
alpha concentrations. up to 3,000 pCi/l in areas where TDS concentrations exceeded 
10,000 mg/I. Downgrad1ent, near the frmge of the plume, values decreased to about 100 
pC1/l Outside the plume, activities were in the vicmity of 50 pCi/l Generally, Zone 1 
activity levels decreased significantly downgradient from the source (Reference 1, page 5-
77). 

ENVIRONMENTAL DAMAG~ AND RISKS 

In July 1979, the dam on the South Cell breached, releasing 93 million gallons of tailings and pond 
water to Rio Puerco River. In October 1979, the State ordered UNC to implement a discharge plan 

to control the tailings seepage deemed responsible for ground-water contarrunation. In 1981, UNC 
implemented a ground-water pumping system that withdrew ground water from site aquifers and 

returned it to Borrow Pit 2 for evaporation (Reference 2, page 4). 

UNC began tailings neutralization (in late 1979) to reduce the mobilization of contaminants; this 
continued until early 1982. Neutralization involved the addition of ammonia or lime to the tailings. 

In 1983, EPA designated the Churchrock site an NPL Site and initiated a Remedial Investigation 

effon (Reference 2, page 4). 
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A Risk Assessment. based on ingestion of ground water contaminated at 1985 levels, estimated excess 

lifetime cancer risks for arsenic and radionuclides (the only carcinogens among the contaminants). 

The excess lifetime cancer risk from arsenic ingestion was estimated as l x 10-1 (based on a maximum 

arsenic concentration) to 1.2 x 10-3 (average concentrations). 

For radionuclides, the excess cancer risks was estimated to be 1.8 x 10·1 to 6.5 x 10-5 In addition, 

estimated daily intakes of cadmium, manganese, and nickel were estimated to exceed health-based 

standards for noncarcinogens (Reference 3, pages ES-6, 4-13, 4-19, and 4-20). These estimates were 
all based on a "future-use scenario,• in which it was assumed that wells would be constructed for 

domestic use in each of the clean-up target areas (Reference 3, page ES-6). However, EPA has found 
no current exposure from ground-water ingestion from currently operating domestic and livestock 

wells within 4 miles of the site (Reference 2, page 23). 

REMEDIAL ACTIONS AND cosrs 

As noted previously, UNC cleaned-up a 1979 release of tailings and pond water, and conducted 

activities to neutralize tailings from 1979 to 1982 (Reference 1, page 1-4). In addition, UNC 

implemented a ground-water pumping system in 1981 that withdrew contaminated ground water for 
treatment and evaporation in a lined pond (Borrow Pit 2) (Reference 1, page 1-4). As of August 

1987, a total of 27 wells were actively pumping ground water for neutralization and return to Borrow 

Pit 2. The average pumping rate was 30 gpm (43,200 gallons per day) (Reference 1, page 5-24). 

In 1981, EPA conducted a preliminary evaluation of the UNC Churchrock Site by assessing existing 

data and conducnng Site Assessment Inspections. In 1982, an additional sampling inspection was 

conducted, and in 1983, EPA included the site on the NPL. EPA conducted a Remedial Investigation 

from March 1984 to August 1987 (Reference 2, page 4). The Feasibility Study Report was released 

in August 1988. A ROD, describing the final EPA remedy at the site, was signed in September 1988 

by the Region VI Administrator, and verbal concurrence was given by the State of New Mexico 

(Reference 2, page 5). The final remedy, as well as available cost data. are described below. 

Remedial actions addressing source-control and onsite surface reclamation will be implemented by 

UNC, as directed by NRC. These activities are to be integrated and coordinated with remedial action 

for the Ground-water Operable Unit (described below) (Reference 2, Declaration, pages 1 and 4). 

The selected remedy for the Ground-water Operable Unit is intended to prevent further offsite 

migration of contaminants by containing, removing, and evaporating contaminated ground water. The 
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remedy for the Ground-water Operable Unit 1s comprised of the following elements (Reference 2, 
Declaration. pages 2, 3, and 4): 

• Installation of a monitoring-well system 10 all three aquifers to detect increases in extent or 
concentrations of ground-water contaminants at (and outside ot) the tailings-disposal area 

• Continued operation of existing seepage (i.e., ground water) extraction systems in Zone l and 
3 Aquifers 

• Containment and removal (by extraction wells to be mstalled) of contaminated ground water 
from the Upper Gallup Zone 3 and southwest Alluvium Aquifers 

• Evaporation of ground water removed from Aquifers using lined evaporation ponds and spray 
equipment to enhance evaporation 

• Implementation of a performance monitoring and evaluation program to allow a determination 
to be made of the adequacy of the remedial action outside of the disposal area. 

According to the ROD, the capital cost of the ground-water remedy was estunated to be $12 million; 
the present-worth estimate (using a 10 percent discount rate) was estimated to be $17 million over a 

10-year period. These costs were estimated "without detailed engineering data," so actual costs were 
reported to depend on a number of factors, including direct and indirect remedial action start-up 
costs; size of evaporation system; well-system performance; duration of pumping; and future changes 

in such factors as clean-up criteria (Reference 2, pages 41 and 42). 

CURRENT Sl'ATUS 

Remediation of the Churchrock site is on-going. UNC submitted a 1989 review of ground-water 

corrective action to EPA and NRC. This repon describes the corrective-action program. This 
report. based on limited monitoring data, (third and fourth quarters of 1989), stated that the extraction 
wells in Zone 3 are operating (as intended) by removing seepage from the target area and creating a 

hydraulic bamer to further migrauon of tailings seepage. Eighteen Zone 3 Wells were extracting an 

average combmed total of about 51 gpm (about 8 gpm, prior to start-up of 12 new wells in August). 
Water was sent to the lined evaporation ponds. Additional Zone 3 Wells are to be installed in 1991 

(Reference 4, pages 2, 3, and 9). 

Data (second, third, and fourth quarters of 1989) for the Zone 1 Aquifer showed corrective action 

will be a long-term process. Although Borrow Pit 2 was dewatered, ground-water and pH levels had 
remained stable, and the plume had migrated about 150 feet downgradient (Reference 4, pages 4 and 

10). 
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Data for the Southwest Alluvium Aquifer was collected during the fourth quaner of 1989, 
immediately prior to (and followmg) the initiation of pumping. Data were said to provide a 
preliminary indication that the ground-water withdrawal system was working as planned (by beginning 
to reverse water-level gradient and creating a hydraulic barrier to flow). Three Extraction Wells 
began pumping (extractmg ground water) from Zone 1 in August 1989, and bad an average combined 

total flow rate of about 20 gpm (Reference 4, pages S and 10). 

Two S-acre lined evaporation ponds began operation in January 1989. Misters mstalled in 1988 were 
used in the summer, both to control wind-blown tailings and to dispose of extracted ground water 

(Reference 4, page S). 

Although not part of the Ground-water Operable Unit remedy, UNC also began source-control 
activities. In 1989, UNC reported that the North Cell bad been regraded and covered with an interim 
soil cover to eliminate ponded water and minimize mfiltration in the Zone 3 Aquifer (Reference 4, 
pages S, and 6). 

EPA, NRC, the State Authority (NMEID), and the Navajo Tribe have analyzed the annual review and 

have included some modifications in the remediation plan. These modifications, including the 
addition of ground-water monitoring wells, have been completed. According to EPA, the agencies 
and the Navajo are currently reviewing UNC's 1990 review of ground-water corrective action to 
assess the effectiveness of remedial activities and modify them as necessary. 
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EXECUTIVE SU~.ARY 

The Churchrock uranium mill and tailings disposal site is 
the subJect of this Remedial Investigation (RI). The mill 
and associated disposal site is owned by the United Nuclear 
Corporation (UNC). The facility ~a£ in operation from 197/ 

to 1982. Ir. 1983, it was placed under the interim National 

Priorities List (NPLI. This RI is part o! the Superfund 
process to investigate sites placed on the NPL by the U.S. 
E~vironrnental Protection Agency (U.S. EPA). Since co~mence
ment of the study, UNC has decided to permanently elcse the 
facility due to a poor uranium market and has submitted a 
reclarration plan to the Nuclear Regulatory Corrunission (NRCI. 

The obJectives of the RI are to determine the nature and 
extent of groundwater contamination in three aquifers at the 
site. The ultimate goal of the RI is to collect sufficier.t 

data in order to prepare a feasibility study to address the 
contaminated ground~ater. Data collected during this RI 
form the principal data base for the RI. Previous UNC and 
Ney.· l-~e>..ico Environmental Improvement Division (Nl-lEID) inves

tigations, and the closure plan have been used to refine EPA 
collected data. The non-EPA data is used qualitatively 
because it was not collected with the same QA/QC require
ments. 

SITE DESCRIPTION 

The Churchrock site is located in northwestern New Mexico 
about 15 miles northeast of Gallup, New Mexico. The site is 
in Section 2, Township 16 North, Range 16 West, in McKinley 

Cc~nty, New Mexieo (Fiqur~ ES-1). The Churchrock site is in 

an isolated area. There are no people living within the 
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site boundary. AdJacent land ownership includes the NavaJo 
Inoian ~~servation to the north and Bureau of Indian Affairs 
trust lane to the east and south. The closest public use 
~Ell is about 12,000 feet northeast of the site. Ten wells 
are located in slightly more than a 3-mile radius of the 
site. Fcur of these wells were operational and sampled. 
The wells are used for livestock a~d domestic purposes. The 
area is semiarid and receives between 10 to 11 inches of 
rain per year. The mean temperature is about 48°F. 

SITE HISTORY 

The uranium rr.ill facility was licensed under a radicactive 
materials license in May 1977. Milling operations began in 
June 1977. The mill, designed to process 4,000 tons of ore 
per day, usec the conventional acid leach, solvent extrac
tion method to extract uranium. The waste product, tail
ings, ~as pumped tQ the 100-acre tailins~ disposal area. 
According to the license records, between 3.4 and 3.6 mil

lion to~s of tailings were disposed of at the site. 

Ir. May 1982, UNC announced a temporary closure of the Church
rock uraniurr. mill to a~ait better market conditions. The 
~ill did not reopen because market conditions did not improve. 
Duri~g the early part of 1987, UNC submitted a reclamation 
plan to the NRC for decommissioning the mill. UNC's current 
onsite activities at Churchrock are limited to the following: 

o Compliance monitorir.g activities 
o se7page collection system operation at the 

tailings impounciment 
o Tailings dust control 
o Decontamination and sale of selected mill 

equipment 
o Operation of an enhanced spray evaporation system 

of water contained in Borrow Pit No. 2 
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SI~! PHYSICAL DATA 

SURFACE WATER 

Oraina9e fro~ thP site is through Pipeline Canyon. As a 
result of discharge fro~ the UNC ar.d Kerr-McGee mines, this 
stream contained year-round flc~. Pipeline Canyon is now 
an ephemeral drainage cue tc the cessation of mine dischar
ges in February 1986. 

During the RI fieldwork, the surface water gaging study indi
cated that there was about a 200-gallcn-per-minute loss of 
perennial flow along Pipeline Car.yon over a distance cf les~ 
than a mile through the study area. This loss was 
attributea to evaporation and seepage. 

GEOLOGY 

The stratigraphy at the site is divided into two mai~ compo
nents: the surficial unconsolidated depoa1ts (Quaternary 
alluvium) and the underlying consolidated bedrock un1ts. 
The Quaternary alluviwr. is the maJor eurficial unconsolida
ted deposit at the site. This deposit consists of a mixture 
of sand, silt, clay, anc to a lesser amount, gravel. Thick· 
nesses are in excess of 120 feet with an average of SO feet. 
The deposit's gener6l stratigraphic sequence in places con
sists of finer material at the top with coarser material at 
the bottom. 

The main bedrock units of ccncern at the site are the Cpper 
Gallup Sandstone (Zones l, 2, and J), and the Upper D-Cross 
Tongue meJ!!ber of the Mancos Shale. All bedrock units are of 
Cretaceous age. Zone J of the Upper Gallup Sandatone, which 
is up to 9C feet thick, contains a mediwn- to coarse-grained 
sandstone. Zone 2 ClO to 20 feet thick) contains a carbon
acecus shale and coal with thin sandstone lenses. zone l is 
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sandstone similar to Zone 3, but somewhat finer in 9ra1n 

size with thicknesses of up to 90 feet. A carbonaceous, 
fissile sbale represents the Mancos at the site. 

There are three principal structural zones at the •ite: 
Pipeline Car.yon lineament, Fort Wingate lineament, and Pine• 
dale monocline. These structural features impact the site 
hydrogeoloqy by affecting groundwater flow directions. 

HYOPOGECLcr..x 

There are three aQuifers of concern identified at the site: 

c Alluvium 
o Zone 3 o! the upper Gallup Sandstone 
o Zone 1 of the Upper Gallup Sandstone 

The alluvial aquifer received ~ater from losses through 
Pipeline Car.yon, recharge from precipitation, and seepage 
from the ta1lin9s ponds. The overall flow direction is to 

the southwest along the axis of Pipeline Canyon. The 
results ef c.s. EPA pump tests 1ndicate that the aquifer has 
trans~1ss1v1ties and stora9~ coefficients of up to 6,S7S qal
lons per day per foct and 0.09, respectively. Groundwater 
velocities in the alluvium alcn; Pipeline Canyon ar~ about 
2 feet per day. 

The Zone 3 aquifer receives water from the 1ame sources as 
the alluvial aquifer. Where Zone 3 is in contact with the 
alluvium, the alluvium also directly provides water to the 
Zor.e 3 aqu1fer. The flow direction of the Zone 3 aquifer is 

north and easterly. The results of the U.S. EPA PWllP tests 
indicate that the aquifer has average transmi11iviti•• ~nd 
stora9e coeff1cients of 1,032 qallons per day per foot and 

0.02, respectively. 
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The Zor.e l aq~lfer receives water from sources s1m1lar to 
the Zone 3 aquifer. In sort'.e areas, these three aquifers 
r.ave the sGtr.e piezometrl.C surface and are assumed to be 
hydraulically connected. The flow d1rect1on of the Zone l 
aquifer is north. The results of the pump tests from other 
studies indicate that the aquifer has transm1ssivities and 
stora9e coeff1c1ents of about lSO gallons per day per foot 
and 0.05, respectively. 

Ground~ater flow directions at the site are complex. The 
area contains numerous fractures and faults which may affect 
flow d1rect1on and velocity in the bedrock more than the dip 
ef the rocks. In portions of the site, the Zone 2 shale 
Unl t 1 mar provide an effective barr1er to COlTl?!!UT•ieat1on 
between the two sanettone aquifers. In places, all three 
aquifers of concern are in hydraulic connection, 1r.d1cat1n9 
they are not hya•aul1cally isolated units. The Mancos 
Shale, located beneath the Zor.e 1 sandstone, is considered a 
barrier tc further vertical m19rat1on intc lower aqulfers. 

Figure £S•2 sumrrar1zes the flow paths described abcve. 

ALLL"V!AL AQUIFE~ CONTAMINATION 

The depiction cf groundwater contamination ~n the alluv1u~, 
Zone 1, and Zone 3 aqu1fers is addressed in the RI by the 
report1ng of analytical values collected during the RI anc 
other investigations. The plwnes ident~fied in the RI may 
be the result cf mine water, ta1l1n9s or other sources. In 
the feas1b1l1ty study, EPA will address target areas for 
qround~ater cleanup. These target areas will look at exceed
ances of Applicable or Relevant and Appropriate state and 
federal public health and environmental Requirements (ARARsl 

and pathways froia the tailings ponds to the target areas. 
AIVl.Rs will also be developed in the feasibility study. The 
~! will s~rve as a data base for th~se assessments. 
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The alluvial a :fer at the site has been impacted by mine 
discharges anc il1n9s seepage. Several d1st1net, high 
total dissolve. 3ol1ds ITDSJ plumes have been found in the 
site allu~1um {f19ure ES-3). The maJor alluvial plume 
extends southwest of the southern cell a minimum of 
l,000 feet downqrad1ent of the site. The limit of this 
plume, which has TOS values up to 20,000 mg/L, has not been 
determ1ned. Another alluvial TOS plume extends about 
800 feet north of the ponds. Another plwne ia found north 
and up9rad1ent of the tailings pond. The alluvial plumes 
contain numerous contaminants above National Primary and 
Secondary Drinking Water Standards. Concentrations of 
nitrate 1>300 mg/L), sulfate (>8,000 mg/L), selenium 
(0.4 mq/L), manganese (20 mg/L), and cadmium (0.125 mg/L) 
have been found 1n the site alluvial groundwater. 

Rad1onucl1des in the groundwater of the alluvial aquifer are 
primarily represented by gross alpha activity. Values above 
the 9ross alpha primary dr1nkin9 water standard were found 
in the water from six of the alluvial wells. These waters 
exhi~1tec gross alpha activities ranginq from l6 to 
45 pCi/L. Water from one alluvial well had a gross beta 
act1v1ty in excess of the SO pCi/L standard. The radiwn-226 
ana ·226 standard of S pCi/~ was exceeded in the water from 
two alluvial wells. Concentrations of thorium and uranium 
isotopes in the alluv1al qroundwater indicate little 
migration away from the ponds. 

ZON£ 3 CONTAMINATION 

The Zone 3 aquifer has been severely impacted by contami
na~ts that have leached from the northeast portion of the 
north ta1l1n9s cell (Fi9ure ES-•). An elonqate '11)5 plwne 
has migrated more than 2,000 feet from the disposal site. 
This contaminant plume migrated at a hiatoric rate of between 
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337 and 450 feet per year from 1979 to 1985. TDS concentra
tions nea: the source are above 15,000 m9/L with pH valu~s 

belo~ 3.0. High ammonia (100 mq/L), sulfate (8,000 mq/Ll, 
anc nitrate 135 mq/Ll are the maJor ions that affect w~ter 
quality. Metal concentrations in the Zone 3 plwne exceed 
primary and secondary water quality standards; however, 
these concer.trations typically decrease with distance from 
the source. Contaminants have miqrated toward the tribal 
lands east of the site. Table ES-1 summarizes elevated sin
gle observation contaminant levels in groundwater on tribal 
lands. These data are a compendium of UNC, N~lEID and EPA 
samplin9. 

Radionuclide distribution in the Zone 3 aquifer indicates 
that activity levels decrease with distance from the source. 
Thorium and uranium activ1t1es decrease from 41,000 and 

7,000 pC1/L to less than 1 and 55 pCi/L, respectively, over 

a distance of 800 feet. Rad1onuclides have also been found 
on tribal lanes in water from Zone 3 wells, Table ES-l. 

ZONE 1 CONTAMINATION 

The extent of contamination in Zone l is not a& extensive as 
in Zone 3 (Figure ES-4). TOS plumes for the Zone 1 aquifer 
indicate that contaminants are leavin; the eite from the 
northeast section of the north ta1lin9s cell and mi9rat1n9 
to the northeast and east (Figure ES-5). Another plume is 
miqratins eastward from borrow pit No. 2 and has moved to 
the tribal lands east of the site. Contaminant velocities, 
as determined by TDS distribution, have been estimated at 

100 feet per year during the 1979-1985 timeframe. 
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Section l 
INTRODUCTION 

The remedial investigation of the United Nuclear Corporation 
IUNCI uranium mill facility in Churchrock, New Mexico, was 
conducted from March 1984 to October 1987. This report pre
sents the work performed, the data 9athered and the conclu
sions for the RI. 

An RI is part of the Superfund process. Thia introductory 
section defines the Superfund process, describes the Church
rock site and the site's background, provides an overview of 
previous investi9at1ons at the site, presents the ObJectives 
and 9oals of RI activities, and depicts the organization of 
the remainder of the report. 

SITE BACKGROUND 

The UNC Churchrock site is located in northwestern New Mexico 
about lS miles northeast of Gallup, New Mexico, (Figure l-1). 
The site is in Section 2, Township 16 North, Range 16 West, 
in McKinley County, New Mexico. 

The Churehrock uraniwn mill facility (Figure 1•2) was licen
sed under a radioactive materials license in May 1977. Mil
ling operations beqan in June 1977. The mill, designed to 
process 4,000 tons of ore per day used the conventional acid 
leach, solvent extraction method to extract uranium. The 
ore processed at the site primarily came from two of UNC's 
nearby mines: Northeast Churchrock and Old Churchrock. Ore 
was also obtained from the nearby Xerr-McGee mine. The ave
rage ore grade processed at the mill was approximately 0.12 

percent uraniwn. The acid leach process produced a vet, 
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ac1d1c waste, eornrnonly referred to as tailings. The wet 
ta1l1nqs were purnpec to the tailings disposal area. An est 1 -

~ated 3.4 to 3.6 million tons of tailin9s were diapoaed in 
the ponds. 

In July 1979, the dam on the 1outh cell breached relea1in9 
approx1matel)' 93 mill1on 9allons of tailin9s and pond water 
to the R1o Puercc. The dam has since been repaired. The 
re1ult1n9 spill clean up wa1 conducted accordin9 to criteria 
imposed by state and federal agencies at that time. This 
event led to closer examination of the site. 

In October 1979, the the Nev Mexico Environmental Improve
ment Oivi11on CNMEID} ordered UNC to implement a dischar9e 
plan to control contaminated tailings seepage which was 
deemed responsible for 9round~1ter contamination. In 1961, 
UNC implemented a qroundwater pwnpin9 ayatem that withdrew 
groundwater for treatment and evaporation in a lined pond. 

This offsite migration of radioactivity and chemical consti
tuents ~nto the groundwater, in addition to surface water 
and a1r emissions, prompted the incluaion of Churchrock onto 
the National Priorities ~ist of Superfund sites. 

NMEID 1u9qe1ted that UNC investigate neutralization cf the 
tailings because the acid aoluticna vith the tailings were 
believed to be a ma3or factor 9overnin9 contaminaJ\t trans
port. UNC began tailings neutralization with &11111onia in 
late 1979. In early 1982, neutralization with lime waa ini
tiated. Tailings neutralization ceased later that year. 

In May 1982, UNC announced that they were going to temporar
ily close the Churchrock uraniwn mill because of depressed 
uranium market conditions. The market di4 not recover and 
UNC decided to permanently cloae the facility. During the 
early part of 1987, UNC submitted a clo1ure plan to the Nue-
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lear Regulatory Comm1ss1on (NRC) for decommiss1oninq the 
rn1ll. UNC's current ons1te activities at Churchrock are 
limited to the following: 

o Compliance monitoring activities 
o Seepage collection system operation at the 

ta1l1n9s impoundment 
o Ta1l1n9s dust control 
o Decontamination and sale of aelected mill 

equipment 
o Operation of an enhanced spray evaporation system 

that sprays water from Borrow Pit No. 2 and wells 
from the seepage collection system 

SUPERFUND PROCESS 

Under Section l04(a) of the Comprehensive Environmental 
Response, Comper.sat1on and Liability Act of 1980 (42 u.s.c. 
>9004(a), 19821, called CE~CLA or Superfund and the Super
fund Amendments and Reauthorization Act (SAJ\A) of 1986, the 
United States Environmental Protection Agency (U.S. EPA) is 
authorized to respond to an actual or threatened release 
into the environment of a hazardous aub1tance or a release 
or aubstant1al threat of release of a pollutant or contami
nant that may present an 1mminent or •ubatantial endanger
ment to the publ1c health or the environment. 

U.S. EPA has developed the Superfund process to identify 
potentially hazardous sites of concern; to evaluate the 
extent of the release and threatened release of hazardous 
substances, pollutants, er contaminants; and to develop anc 
implement measures to contain these hazards. Thi• process 
ccns1sts of the fcllovin9 five •teps: 
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With the exception of the breach of the south cell embank
ment in 1979, there are no direct surface water dischar9es 
frorr. the tailings ponds to the stream in Pipeline Canyon 
(U.S. EPA, 1985). Flow around the tailings ponds is diverted 
by ditches and the embankments formed by the tailings ponds. 
One maJor drainage east of the site in Section 1 contains 
several stock ponds and dams. These ponds currently contain 
no water. In fact, the westernmost pond which has a 400-foot
lon9 embankment is breached from a failure durin9 a storm 
event. 

CLIMATE 

Meteorological data indicate that rainfall averages between 
10 and 11 inches in the Gallup, New Mexico, area. The ma~or 
precipitation events occurs between July and Auc;ust and Dec
ember and February. Summer precipitation events are charac
terized by local and sometimes violent afternoon and early 
evenin9 thunderstorms. Lake evaporation rates for the area 
are about SO inches per year. Based on the precipitation 
and evaporation rates, the climate is classified as semiarid 
(Raymondi and Conrad, 1983). 

The mean annual temperature4 according to the United States 
Weather Bureau at Gallup, New Mexico, is 48.S°F. Daytime 
highs usually are between 80° and 90°F in the summer and 40° 
to S0°F in the winter. Winter lows below o•r are not uncom
mon in the Gallup area (Raymondi and Conrad, 1983). 

DEMOGRAPHY ANO I.AND USE 

The Churchrock site is in an isolated area. There are no 
people living within the site boundary. The closest down
gradient public-use well (No. lSX-303) is about 2,700 meters 
to the northeast (Figure 1-2) • This well is owned by the 
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Bureau of Indian Affairs (BIA) and is used for culinary 
water and_water1n9 stock. This well 1s completed in the 
upper Gallup Sandstone and is downgradient of the site. It 
is not clear whether it intersect& Zone 3 or both Zones l 
and 3. Other closer wells are UNC mon1tor1n9 or industrial 
use wells (Rogers and Assoc1ates, 1985). 

There are 10 wells w1thin a slightly more than 3 mile radius 
of the site. Four of these wells are in use and have been 
sampled. These wells are for livestock and domestic use. 
The u.s. EPA Mitre Model ratinq lists well No. lSK-303 as 
the closest well. 

UNC owns Section 2 which conta1na the mill and disposal fac1• 
lities (Figure l-2). In additionr UNC owns Section 36, 
northeast of the disposal •ite. Thi• •ection contains many 
of ~he pumpback wells and the Kerr-McGee mine offices. The 
remainin9 land that surrounds the mill and disposal ponds 
include Sections 1, 3, ll, and 35. These lands are held in 

trust for the Nava)o Tribe end ad.m1nistered by the BIA. 
Land north cf Sections 35 and 36 (Figure 1•2) is within the 
exterior borders of the Navajo Indian Reservation, owned by 

the Nava30 Tr~be, held in trust by the federal government, 
and managed by the BIA. 

With the exception of the m1ne and mill activity, the land 
use is primarily 9razin9 for sheep, cattler and horses. 
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4 observation wells or piezorneters (F19ure 3-l). Water lev
els were measured in the monitor1n9 and observation wells. 

TEST BORINGS 

A total of 33 test borings were drilled at the site to 
install 29 monitoring wells (Nos. EPA-1 through EPA-28 and 
EPA-22A) and 4 observation wells (Nos. EPA-lSA, EPA-lSB, 
EPA-lSC, and EPA-lSD. The drilling was conducted from Novem
ber 11, 1984 through February 12, 1985. These borings were 
adv~nced by air and mud rotary techniques. The initial eight 
borings were drilled using mud rotary techniques. Subsequent 
drilling was performed by air rotary techniques which proved 
to be quicker and less expensive. 

A total of S,312 feet of drilling was completed for the 
installat~on of the monitorin9 and observation wells. The 
borings ranged i~ depth from 62 to 263 feet deep with an 
average depth of about 160 feet. Figure 3-1 depicts the 
monitoring and observation well locations. Table 3-1 summa
rizes depth, hole diameter, and other pertinent data regard
ing the borings and wells. Borin9 logs are contained in 
Appendix B. 

Table 3-1 reflects the aquifer in which the well was screened. 
In two wells, over drill of the boring resulted in extension 
of the sand pack below the screened interval. At well 
No. EPA-06, the screen and the sand pack extend into Zone 2, 

but do not penetrate zone 1. Because Zone 2 is an aquitard, 
water levels and quality frczn well No. EPA-06 should reflect 
Zone 3. Well No. 19 was screened in Zone 3, however, the 
borehole was drilled through Zone 2 and S feet into Zone 1. 
The annulus below the screen was backfilled with fine sand. 
The annulus in the screened zone was backfilled with coarse 
sand and gravel. At this location, Zone l is not saturated 
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Section 5 
DISCUSSION OF RI FINDING~ 

In Section 2 the regional settinq and some of the pre-RI 
studies were described. These data, additional data sources 
from Section 4, and the RI field studies were combined to 
understand the characteristics of the site. These site
specific characteristics are described in this section and 
are divided into four main subsections: source characteri
zation, surface water, geology, and hydrology. 

SOURCE CHARACTERIZATION 

Source sampling of tailings solids or liquids was not con
ducted by EPA during the RI. Analytical results of tailings 
liquids presented in this section represent analyses from 
previous investigations. UNC has provided EPA with tailings 
liquid analyses based on samples from well Noa. 633 and 635 
in 1987. The UNC data exhibit high nitrate values, but the 
predo~inant nitrogen species is ammonia. These data are 
portrayed in Table 5-1. Also, in this table is an example 
of a one-time tailings liquid sample from well No. 633. 
This well, completed in the south cell, and the UNC data may 
be used to characterize the resident tailings fluids. 

From these analyses, the tailings fluids are characterized 
as an acidic, high dissolved solids water with sulfate, 
ammonia and sodium as principle ions. Metal analyses par
ticularly aluminum and iron are very h19h (over 1,000 mg/L). 
Radioactivity as represented by Th-230 is also very high 
(10,000 to 50,000 pCi/L). NRC sampled tailings liquor in 
April 1987 in order to idetnify hazardous constituent• pre
sent in the ponds. Table s-1 depicts these data. Analyti
cal results are consistent with UNC and other available data. 
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Tatile s-1 
PROBABLE TAILINGS LIQUID CHEM:STR'I' 

UNC(l) Well (2) NF.C 
No, 633 Sup le 

Para:neter Units Swmnary 2/26/86 April l~E i 

pli s.u. 1 - 3 1. 7l 3.34 
TDS mg/L 38,46.< - 61,932 46,793 S8,86u 
AlUM1nw:-. 1119/L l,167 - 2,906 2,880 2,100 
Manganese mg/L 100 100 210 
AJnmonia mg/L l,450 - s,soo 438 S,860 
Nitrate mg/L 75.S - 282 1.84 <SC 
Th-230 pCi/L 1,064 - 277,733 13 
Conduct.l v:. ty wnhos/cm 17,718 
Calciw:1 lllg/L 240 46C 
Kagnesium 1119/l. 287 l,100 
Sochlm\ mg/L 526 89C 
Potassium lllg/L 4 
Ell.carbonate mg/L 0 <l 
Chlon.de irig/L 253 580 
Si.:lfate 1119/L 24,813 - 43,SBl 28,209 41,000 
ArsenJ.c Jng/L 0.024 - 0.206 0.6S <0.60 
Seleniwn 119/L 0.001 - 0.161 0.29 <l.2 
Iron sng/L 4,350 2,7CC. 
Leae mg/L 0.6 3. ;:. 
caami.wn mg/L 0.013 0. 2..; 
Zinc mg/L 10 20 
Molybdenum mg/L <o.os - 0.15 <0.2.; 

(3) 
Ra-226 pC1/L 13 24 
Ra-226 pC1/L 2.6 

tll (2)Range for 3 samples eolleeted and analyzed by UNC. 
1n Appendix G. (J)One-time sampling event. Analytical data is also presented 

Total Radon (226 + 228) 
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No source sampling of the ta1l1n9s solids was conducted by 
U.S. EPA. U.S. EPA has contacted UNC to determine if 
leachate tests of tailings solids analyses have been per
formed. 

NMt!D data suggest ammonia concentrations as high as 
4,000 mg/L; nitrate as high as 17 mg/L; and arsenic as high 
as 1.87 mg/L. These supplemental data indicate that the 
tailings liguor chemistry may have been variable throughout 
its discharge history. 

SURFACE WATER 

The original goal of the surf ace water studies was to deter
mine the amount of infiltration that was occurring along 
Pipeline Canyon at the tailings disposal area. This data 
was to be used to understand the recharge characteristics of 
the aquifers of concern at the Churchrock site. Following 
collection of the RI field work, the mine discharges to Pipe

line Canyon ceased. The stream reverted to it~ premining 
ephemeral condition and the amount of recharge available to 
the aquifer decreased significantly. 

In order to factor out the water added to the aurface water 
system by the Kerr-McGee discharge, the outflow was subtrac
ted at each locat1on from the Kerr-McGee discharge to calcu
late net loss or gain. These data are presented in Table s-2. 
Values that are ne9at1ve, theoretically indicate loss of 
water through evaporation or seepage into the alluvial or 
bedrock systems. 

The data in Table 5-2 also indicates that other sources, 
such as runoff, have contributed partially to flow-in 
P1pel1ne Canyon. For example, flow typically increased at 
the f1rst measuring point downstream of the mine discharge. 
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Table 5•2 
N!T LOSS 01< WM or "'°" AT SllRFACE llATEI< SMPI.E POINTS 

LCCATlONS 

~ -L -L ..sLe! _,!_ 

r.a) 4, 1985 0 99 352 
"ay s, l9SS 0 
Play 10, 1985 0 203 S29 
fol&y 11, 198; 0 -135 
June 8, 19BS 0 •414 
Jwie 17, 198~ 0 632 •4!13 •507 
.Jl#le 18, 19a5 0 7::19 649 1751 

Na?I: All flow ¥a.111es are in 9allons :pu a1.Dute. 

Loct1t10llS 

A • Kerr-McGee outflo~ 
B • Sai:ple PoUlt belov Xerr•Mc:Gee d.lsch&rljje 
C • Culvert No. 1 Inflow 
C • Culvert No. 1 OUtflov 
E • Culvert No. 2 Inflow 
F • Culvert No. 3 Inflow 
G • Culvert No. 3 Outflow 
H • Stree.: Profile l 
I • Strev Profile 2 
J • Stre11111 Profile 3 

• J<eflects averaqe of Ulflov ltld cvt.!lov. 
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•63 -160 
197 1l 

-369 
•289 -161 

212 115 

_j_ _L 

•358 •394 
-31 •4ES 

-112 -201 
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This location had an averaqe increase of 409 gpm, which i! 
attributable to upgradient runoff. All flow measurements 
downstream of culvert No. 3 indicated that there was a loss 
through evaporation or seepage into the alluvium and rock 
systems. The averaqe of the last three sample points CH, I, 
and J) indicate an average loss of 193 gpm. These results 
compare favorably with calculations made by Raymondi and 
Conrad (1983) using UNC data. In their study of the flow in 
Pipeline Canyon, they reported an average loss of 250 gpm 
along the stream from a point JUSt upstream of the tailings 
ponds to one downstream of the UNC property. 

Pipeline Canyon has had a perennial flow since 1968 as a 
result of mine dewatering from the Kerr-McGee and UNC mines 
(Raymondi and Conrad, 1983). Prior to the dewatering, the 
stream was an ephemeral drainage. Following cessation of 
dewatering by UNC in 1983 and Kerr-McGee in 1986, the stream 
has made a return to its natural state. Field visits in 
August 1987 Cl year following the termination of Kerr-McGee's 
dischargel, revealed that there was no flow in the stream. 
This, of course, has resulted in a decrease in the volume of 
water that can infiltrate into the groundwater system. 

Although not a part of the RI, determination of the flow 
volume through the canyon may be required in assessing reme
dial actions in an FS. Canonie (1987b) used the probable 
maximum flood (PMF) as the basis to calculate flow in the 
~hannel for the UNC reclamation plan. Through the use of 
the Soil Conservation Service Synthetic Triangular Unit 
Hydrograph method, the peak flow rate was calculated as 
25,000 cfs. For reference, the maximum flow measured along 
Pipeline Canyon during the field investigation was 7.4 cfs 
or 0.03 percent of the PMr. 
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The surf ace water samples collected along P1peline Car.yon 
represent water quality that is ava1lable for recharge to 
the aqu1fers. The quality of the water ls governed by the 
quality of the m1ne d1schar9es, natural precipitation, and 
up9rad1ent surface water. 

Because these surface waters will dissolve const1tuents as 
they pass through the alluvium and bedrock, the surface 
water qual1ty does not necessarily indicate background water 
quality of the aquifers. Tables o-s and D-6 in Appendix c 
depict the water quality of these samples. 

The surface water samples are characterized by TDS concen
trations of approximately 500 mg/L. Aa was the case w1th 
groundwater, the ma)or anions are bicarbonate and sulfate 
and the predominant cations are calcium and magnes1um. The 
waters were near neutral to slightly alkaline (pH of 7.6 to 
8.6). Metal concentrations were low which may be a function 
of the pH. Average metal concentrations of the four surface 
water samples collected by U.S. EPA were: 

Aluminum 0.73 mg/L Nickel 0.06 mg/L 
Bar1um 0.48 mg/L Vanadium o.os mg/L 

Iron 0.19 mg/L Zinc 0.04 mq/L 
Manganese 0.03 mg/L 

Antimony, arsenic, beryllium, cadmium, chromium, cobalt, 
copper, lead, mercury, molybdenum, selenium, silver, tha~
lium, and tin were not detected in the surface water samples 
collected during the Phase I field investigation. Detection 
11mits were according to CLP requirements. 

Radiological analyses performed on two surface water samples 
do lnd1cate the presence of radionuclides. Their presence 
is largely a function of the source rock in the mines. 
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Radionuclides with the exception of radium decreased in con

centration from culvert No. l downstream to stream profile 
No. 1. The distribution between the two sampling points 
were: 

Radium-226 
Thorium-230 
Uranium-238* 
Gross Alpha 
Gross Beta 

Culvert No. 1 

0.94 pCi/L 
0.402 pCi/L 

432 pCJ./L 
207 pCi/L 

98 pCi/L 

*uncorrected for U-238 and Radon 

Stream 
Profile No. 1 

7.99 pCi/L 
0.297 pCi/L 

71 pCi/L 
90 pCi/L 
75 pCi/L 

The decrease, with the exception of radium, downstream may 
be a function of dilution or attenuation and precipitation 
along the stream bed. 

GEOLOGY 

As described in Section 3, a total of 33 borings were dril

led in the RI for the purpose of installing 29 monitoring 
wells and 4 observation wells. More than 300 wells and bor

ings had been installed at the UNC property prior to this 

investigation. Many of the wells were completed across sev
eral geologic and hydrogeologic horizons. One of the objec

tives of the RI was to compliment the studies in areas to 

the northeast of the facility where contaminant migration 
was occurring in the Upper Gallup Sandstone (Zones l and 3) • 

Because of this, many of the borings exceeded 200 feet in 
depth and considerable time was required. This resulted in 

a drilling program that concentrated more on the logging of 

drill cutting samples every 5 feet rather than continuous 
coring of the bedrock. As a result, many of the logs cannot 

provide detailed stratigraphic information on such items as 

rock characteristics, fractures, and structures. 
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Zone l has very similar recharge relations as Zone 3. In 
areas where Zones l, 3, and/or the alluvium have the same 
piezometric ~urface (Figures 5-2 through S-3}, the units are 
assumed to be hydraulically connected. Review of the cross
sections in Figures 5-3 and S-S, indicate that faulting and 

fracturing has placed the Zone l aquifer in position with 
Zone 3. ln these areas, the Zone l aquifer will receive 
additional recharge from Zone 3. 

WATER LEVELS AND FLOW DIRECTIONS 

Comprehensive ground~ater levels were measured by Canonie 
(1967a) for May 1986. These measurements depict qroundwater 
levels within 3 months after cessation of Kerr-McGee's mine 
discharge to Pipeline Canyon. In order to determine water 
level responses following the end of mine water discharges 
to Pipeline Canyon, piezometric maps were constructed for 
August 1987. These maps (Fiqures s-e, 5-9, and 5-10) she~ 

changes that have occurred in about a year following mine 
discharges. The maps were developed from the Auqust 1987 

water level measurements and supplemented by ONC quarterly 
monitoring reports and trends observed by Canonie data. The 
predominant flow directions and changes in piezometric sur
faces are described below for each of the aquifers of con
cern. 

As a precurser to the discussion of groundwater level mea
surements, it is necessary to briefly discuss the pumping 
system at the site. At the time water level measurements 
were taken in August 1987, a total of 27 wells were actively 
pumping ~ater from the qroundwater systems for neutraliza
tion and return to borrow pit No. 2. Th& averaqe pumping 
rate was 30 qpm or 43,200 gallons per day. Table 5•3 lists 
the pumping wells at the site. The effects of the pumping 
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The follo~1n9 sections address the contaminant plume dlstri
bu t ion for the aquifers of concern at the site. 

Zone 3 

Figure 5-15 presents the TDS isoconcentration map for the 
Zone 3 sandstone. Review of this map indicates a lobate 
pl'W!'le with widths (as delineated by TDS concentration} of 
1,100 to 1,400 feet and a length in excess o! 3,500 feet. 

The plume originates, as indicated by maximum TDS values, in 

the northeastern quadrant of the north cell of the tailings 
disposal area. In the area of maximum contamination (TDS 
values greater than 10,000 mg/L), specific wells had the 
following TDS concentrations: No. 613 (lS,460 mg/L), 
Ko. 610 Cll,140 mg/L), No. EPA-06 (11,453 mq/L), and 
No. TWQ•lOD (lS,186 mg/L). 

Corr.parison of plume geometry and trend with the 9roundwater 
flo~ cirect1ons in August 1957 (Figure 5-9) reveals t~o 
important observations. The general trend of the plume is 
to-ards the northeast and is identical to the direction of 
decreasing piezornetric surfaces. Additionally, the thin, 
elongated zone of TDS concentrations between 6,000 and 
lQ,000 mg/L occurs in th~ same area where the piezometric 
surface has slight fluctuations in the vicinity of well 
Nos. EPA-2 and EPA-3. In this area, the piezornetric sur
faces are lower than would be expected. This may represent 
increased transmissivity due to fractures or rock lithology. 
Analysis of the core 109 reveals that the core recovery was 
poor and the rock was poorly cemented and friable. These 
attributes suggest a h19h transmissivity. 

Two wells in the highest concentration of the plume were 
sarr,Fled during the Rl field work. These wells include Nos. 
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610 and EPA-6. Revie~ of the previous water Quality tables 

in Appendix D confirms that these two wells usually con

tained the highest concentrations of most parameters. Typi
cal ~ater quality for this zone of the plume is: 

Ammonia 
pH 

Sulfate 
Nitrate 

>100 mg/L 
2 to 4 
>S,000 mg/L 

6 to 35 mg/L 

Analysis of changes in parameter concentrations with 
distance can be made by comparing the above values with the 

analytical results from wells further do~n9radient in the 
plwne. For example, well Nos. EPA-10 and EPA-12 are 
approximately 2,500 to 3,000 feet downgradient of the source 

of 9round~~ter contamination. Ammonia and nitrate levels in 
these wells have historically been below l mg/L, indicating 
that through oxidation, dilution, or other form of 
attenuation, the concentrations have decreased. 

For these downgradient w~lls, pH has increased relative to 
the center of the plwne, but still remains slightly acidic 

(6 to 6.5). More conservative and readily solubilized spe
cies such as sulfate and chloride are lower. 

In order to estimate a plume migration rate, the midpoint 
for the 4,000 to 6,000 mg/L zone of the plume was selected 
to represent the •extent" as of 1985. This point was chosen 

to be the vicinity of well No. EPA-12 which is approx!mately 

2,700 feet from the northeast edge of the tailings pond 
where tailings rest directly on top of the Zone 3 aquifer. 

Assuming the migration started at the time of tailings dis

posal (1977) a minimum TDS plume miqration rate of about 

337 feet per year was obtained. It is likely that migration 
probably did not start until 1979 when saturation of the 
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tailings and bedrock occurred. It was also at this time 
when NM!ID first noticed discharges and ordered a seep~ge 
control plan-for the site. Using the 1979 to 19SS time

fra.me, the migration rate of the plume would be 450 feet per 
year. Therefore, based on analytical results, Zone 3 plume 
migration rates are between 337 and 450 feet per year. 

When calculating the migration rates for chemical compounds 
at this site, several important factors must be considered. 
First of all, the rates are "average" rates and do not 
reflect current migration rates. Movement was calculatee on 
the basis of distance travelled versus the time the sample 
was collected following tailings disposal. Actual mi9ration 
rates may have been initially faster and slowed at later 
tilnes, or vice versa. Also of importance is the influence 
of the pwr~ back wells. These wells were installed after 
disposal and before the 1985 samplin9. This is of impor
tance because the wells have inf lueneed movement as verif 1ed 

by their cones of depression in the piezometrie surface 
maps. 

The calculated average migration rates cannot be effectively 
applied to post-1985 predictions because of the pwnpins 
wells. These rates would overestimate the future extent of 
the plume. 

2one 1 

Fi9ure 5-16 is the TOS isoconeentration diagram for the 
zone 1 sandstone. Review of this fiqure indicates two sepa
rate broaa plwnes of groundwater contamination. The south
ern plume emanates from the eastern edge of the central cell 
and borrow pit No. 2. The shape of this plume auggests a 
radial flow from the source. The second plume is another 
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associated with ~err-McGee is the proba~le source cf thls 
anom•lly._ lnfonnaticn requested from Kerr-McGee 1hculd 
provlde further in&19ht into the nature cf this second 
source. 

The contamination of the southwest alluvium ~y nitrate is 
attributed primarily to leaching from th• tailings pond. 
The distribution of high nitrate values ia analagous ~1th 
the TDS plunae which is shown to emanate from the southern 
disposal cell. The argument by Billings that high nitrate 
in the alluviwn comes from natural salts conflicts with the 
low nitrate levels found in well Nos. EPA-22A and •21. 
These w~lls are upgradient of the central, aouth, and most 
of the north tailings cell and are therefore not impacted by 

nitrate. 

METALS 

Review of metal analyses included 1iU1iplin9 events d~r1n9 the 
RI and historical data as presented by lW...ElO (Appendix G). 
Table S-4 lists the maximum metal concentrations for wells 
sal!lpled by U.S. EPA durinq the remediai investigation. This 
tabl~ also contains standard• which could be used as poten
tial •PFlicable or relevant and appropriate requirements 
CA~R'&). 

Fro~ this tabl~, the following parameters were determined to 
be above the atandard. 

DF~6H/Cll 

Arsenic 
Beryllium 
Cadzniwn 
Chrcmium 
Iron 

S-60 

Manganese 
Selenium 
Zinc 
Molybdenwn 



~ 
~ 
~ 

W1th th~ exception of iron and man9anese, the above metals 
and their d1str1but1on will be diseussec in the follo~1n9 
subsection. Iron 1s a secondary drinkinq water atandard. 
Iron m19rat1on rate would be slower than manganese (another 
secondary drinking water standard); therefore, discussion of 
manganese cha1acteristica should conservatively represent 
iron. Zinc was cnly slightly above secondary drinking water 
atandara. In add1t1on, historic data (Appendix Gl for zinc 
is limited. 

Arsenic 

The primary dr1nk1n9 water standard for arsenic is o.os m9/L. 
Arsenic is mobile in the aqueous system at moderately ac1d1c 
pH values. Ho~ever, as pH increases ana sediments, clay, or 
argillaceous material are available, precipitation and/or 
oxidation with subse~uent adsorption will occur. Arsen&tes 
have fairly high mobility and are not attenuated easily. 
One of the ~•Jor controls on arsenate mobility is the pre
sence of ircn hydroxides. As evidenced by high iron concen
trations in ;roundwater, the abund&nce of iron hydroxides 
may adsorb much arsenic. Ne&r the tailinqs ponds arsen1c 
concentratior.s are in the order to 0.1 to 0.6 mg/L. Wells 
in th1& inuned1ate vicinity (Figure S-18) which represent the 
range include: 

Concentration 
Well Ne. Cm9/L) 

335 0.42 

7WO•llD 0.52 

TWQ•36D 0.06 
320 0.2 

TWQ-156 o.s 
610 0.6 
611 0.1 
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Rev1ew of the data indicates that alluvial wells rarely have 
concentrat1cns ab~ve O.OS mg/L. Th1s may be due to adsorp
tior. on the clay minerals and 1ron hydroxides. 

Distribution of arsenic in bedrock wells, both Zone 3 and 
Zone l, indicates that transport of arsenic is evident (Fiq
ure S-18). Arsen1c ha& been detected up to l mg/Lin the 
follo~1n9 wells: 

Well No. 

SOlB 
EPA•lJ 
EPA•lO 
EPA•l 
EPA-3 

Concentration 
mq/L 

1.91 
1.06 

2.s 
l.6 
l.8 

Lo~ arsen1c concentrations are present in the tailing area 
because a~ lo~ pH the arsenate adsorption on iron oxyhydr
oxide 1s at its hi9hest level. Thi• creates a arsenic •reser
voir• cf adsorbed arsenic. As the pH increases, acme of the 
arsenic is released and is mobile. As the Eh (oxiaation
reductionJ decreases, moat of the araenic previously adsorbed 
9oes into solution and can be transported. The current dis
tribution is a co!tb1nation of pH-£h and 9roundwater flo~. 

Other wells Wh4Ch have been found to hav~ historical arsenic 
values above the .OS mg/L drinking water 1tandard. These 
include well Nos. EPA-S, EPA-6, EPA•ll, EPA•l6, EPA-18, and 
436. 

Seler.1um 

The primary dr1nkin9 water standard for aeleniwn i• O.Ol ~g/L. 
Selen1u~ usually has a low mobility in groundwater 1y1tems. 
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scope of the RI, tut may relate in part to the previously 
mentioned proto ore pile and assoe1ated ponds. 

Molybdenum 

~o molybdenum standards have been developed !or active ura
nium processing sites. However, • proposed atandard of 
0.1 mg/L was proposed in Sept~er 1987, for ircun4water at 
inactive sites (40 CfR 192.02). Thi• value waa uaed to dis
cuss potential contamination at th• Churchrock aite. UNC 
has analyzed the or~ for molybedenum and found concentr1-
t1ons of less than l to 70 mg/kg. Leachate characterization 
of the tailings for molybaenwn is not available. T~le s-1 
conta1ns data supplied b)' UNC from wells in the ponds that 
report values up to 0.15 mg/L. 

In groundwater, molybQenwn travels •• an anion (Mo04J and is 
not as eas1ly attenuated as selenium or arsenic. Instead 1t 

travels as £ conservative species ~n aolution, ~uch like th~ 
chloriae ion. 

Values along the tailings embankment and the pwnp back wells 
northeast of the north cell indicate molybdenwn values cf 
0.2 to 0.7 mg/L. However, wells further dovngra4ient have 
mueh higher molybdenum values. Maximwra values of molybdenum 
~n selected Zone l and J wells dovngradient (Figure 5·18) of 
the site include: 

DFW6H/Oll 

Well Ne. 

EPA•l 
EPA•ll 
EPA•ll 
411 
401 

•30 

5-65 

Concentration 
(m9/L) 

42 
59 

5.6 
2.4 
S.9 
1.6 



~~c occurrence of higher molybdenwn values 1n distant down-
9rad1ent w~lls than in wells close to the site cannot be 
explained with the current data. One explanation may be the 
pr~sence of another (presently not identifiable) natural or 
man-made source. Slug flow from the tailings pond may also 
be an explanation for the molybdenum distribution. This 
latter explanation refers to the introduction of a 1in9le 
discrete impulae of contamination into the groundwater sys
tem. This contamination could move as a air.gle diaerete 
body down9rad1ent. Current data is not sufficient to refute 
or ~rove either of potential explanations. 

Manganese 

The secondary drinking water standard for manganese is 
O.OS mg/L. This stanaard was developed moatly for aesthetic 
Ctaate and discoloration) propertie1. Manganese has a h19h 
mo~ility because when it becomes solubilized it typically 
remains in solution until the pH reaches 8.0 and above. It 
is typically at the outer edge of contaminant plumes. Man
sanese 1s present in the ta1lin91 as exhibited by the con
centration of 100 ~g/L in well No. 633. 

Rev1ew of manganese historical data in Appendix F reveals 
that more than 50 alluvial, Zone l and 3 wells have man9a
nese concentrations above the secon4ary drinking water stan
darc. Values o! manganese have been found up to 15 mg/L in 
Zone 1 well No. EPA-7, and SS mg/L in Zone 3 well No. EPA-6 
east of the·site (Figure 5-18). All of the U.S. EPA Zone l 
and 3 wells northeast of the site exceeded the standard. 

Alluvi~l wells throughout the study areas exhibited manga
nese concentrations above the standard. Th• southwest allu
vial wells had concentrations up to 19.8 m9/L at well 
~o. 630. The northern alluvial wells have historical man9a
nes~ concentrations of ~.l to 1 mq/L. 
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In general, manganese concentrations in alluvium were lower 
than in bedrock. This is probably due to the generally more 
alkaline pH and higher adsorptive qualities of the alluvium. 

BerylhWT• 

Beryllium has a very low aqueous aolubility and is quickly 
piecipitated or adsorbed onto solidi after entering the 
aqueous environment (U.S. EPA, 1979). In near neutral pH 
waters, beryllium will precipitate as Be(OH) 2• Beryllium 
concentrations in fresh surface water are typically leas 
than 1 ppb. 

Review of the data base in Appendix G indicates that beryl
liu~ was not a routine analytical parameter. Oata from 
u.s. EPA sampling represents the majority of beryllimt samp
ling at the site. ~o data on beryllium concentrations in 
the tailings are available. 

Based on u.s. EPA sampling results, beryllium was found in 
several monitorin; wells. These wells and their respective 
conc6ntrations include: 

Concentration 
Well No. (1f1;/L) 

EPA-3 0.089 
610 0.126 

611 0.022 
EPA-6 0.254 

The data suggest that beryllium is present in or has been 

D'.ob1lized by the acidic tailings. It has only bee" found in 
wells with acidic pH values. No detectable btryllium was 
four.c in alluvial wells. ~~ll No. 611 is the only Zone l 
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well wh1ch contains detectable berylliwn. Therefore, lt can 
be concluded that beryllium has not m1grated more than 
600 feet in the Zone l aquifer. Beryllium in Zone 3 is 
fc~nd farther from the ta1lings pond as evidenced by ltS 

presence at well Nos. EPA•l (1,200 feet), EPA•6 (900 feet), 
and 610 (7SO feet). In •ummary, beryllium has been found 
offsite two wells, at concentrations aDove the 10 6 cancer 
r1~k ~ater qual1ty criter1a standard. 

Cadmiuw 

Unl1ke ber~lliwn, cadmium has been analyzed in the tailinqs 
liquids. Well No. 633 exhib1ted a concentration of 
0.013 mg/L. The results of the U.S. EPA sampling is the 
main data base for cadm1um di&tr1bution. 

In compar1son w1th most heavy metals, cadmium like manqanese 
is relatively mobile. Sorption onto &ediments and manga
nese ox1de occurs as the pH increases. Adsorption onto 
organ1e materials (coal), miner•ls, coprecipitat1on w1th 
metal oxides and su~stitution in carbonates also control 
cadmiwr. mobility (U.S. EPA, 1979). In "carbonate 9round
water, cadJTliwr solubility would be about O.l mg ~ at a pH of 
7 and 100 mg/L at a pH of S. 

ln th~ U.S. EPA sampling, cadJniwn was found above the pri
mary dr4nkin9 ~ater standa%d of O.Ol mq/L in the following 
wells (Figure S-18): 
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Well No. 

EPA-3 
EPA-4 
EPA-S 

S-68 

Concentration 
(mq/L) 

0.013 
0.143 
0.113 



EPA·6 
EPA·i 
EPA-11 
EPA-13 

EPA-1' 
EPA-20 
EPA-23 
EPA-24 
£PA-2S 
625 

0.277 

0.033 
0.088 
0.021 

0.045 

0.038 

o.os 
0.099 
0.125 
0.018 

The concentratlons ln well Nos. 610 and 611 which are close 
to the ponds ana have low pH values do not exhibit cadZtium 
concer.~rat1ons above the 0.005 m9/L detection limit. The 
sporat1e d1str1but1on in Figure S-18 and downgradient con
centrations above the souree concentrations •u99ests that 
the cadmium may be inherent to natural 9~olo9ic media or the 
distr•but1on mar be reflective of slug flow which is elseus
sec at the ena cf the •metal• subseet1on of this report. 

Historic~l sampl1n9 by NMEID ind1cates a different cadm1wn 
distribut1on. MNEID (1987) has indicbted that cadmium is 
rarely found •otfsite• caway from the tailings pond). Rather, 
when found, cadm1wn has been only in groundwater with acidic 
concentrations, close to the ta1l1n9s ponds. Away from the 
ponds, cadmium reportedly is absorbed on clays or pree1pi
tatec •• a carbonate or with iron oxides and hydroxide&. 

Chromiu~ 

Chromium is fcund in trivalent and hexavalent forms in aque
ous systems. However, chromium analyses ir. the U.S. EPA 
sar.:Fl1nq were reported as total cbromiWI\. The trivalent 
fortr. readily tortr.s an insoluble hydrox1de precipitate in 
neutral ~aters. However, hexavalent chromium i• not easily 
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sorbed on clays or hydrous m~tal oxides. At neutral pH, 

hex~valent ~hromium will typically ~e present in qreater 
concentrations than the trivale~t form. The ma)or atten~at
ing mechanism for hexavalent chromiwn is aorption onto car
bon (U.S. EPA, 1979). 

The historical data base for chromium is mostly from the 
v.s. EPA sampling events. For th~se samples, the maximwr. 
chromium concentrations that were greater than the primary 
drinking water stan~~rd of 0.01 mg/L include: 

Concentration 
Well No. Cmg/LJ 

S04B O.Ol 
610 0.268 

611 0.014 
EPA•6 0.135 
EPA•27 0.029 

Fro~ these data and the chrcmiwn distributions shown in Fig
ure S-lB, chromiwn ia not considered a aignificant offaite 
cont&Jn1nant. Chromium appears to be limited to the area of 
the northeast pump~ack system ano quickly decreases do~n-
9rad1ent from this area. 

ORGANIC COMPOUNCS 

Orgar.ic analyses were performed on three 9round~ater samples 
from the followin; well Nos.: 610, 611. and 625. These 
sampl~s were collected during the May 1985 aamplinq. The 
results of the analyse• are contained in Appendix D-4. 

F1ve volatile compounds were found 1n the three wells. The 
compeunds and ranqe cf concentration were: methyl•ne 
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RADIONUCLIOES 

Samples anaiyzed for radiolo91cal constituents are presented 
in Tables D-6, D-7 and D-S in Appendix D. The analytes 

included Radiwn-226, Radium-228, Thorium-230, Oranium-238, 

Gross Alpha, and Gross Beta. 

Comparison between U.S. EPA and historical dat£ is not pos
sible for the radionuclides. Historical radiological analy

ses were typically for uraniwr. concentratiou as expressed in 

~9/L. In contrast, U.S. ~PA data was measured as activity 

and expressed in pCi/L. lf all uranium isotopes were 
analyzed, it would be possible to get a rough estimate of 

uraniure concentration from the cctivity values. However, 

only u-23S ~as analyzed. Therefore, no conversions of 

activity to rnass were made. Discussion of radionuclides are 

based on U.S. EPA data. 

Gross alpha discussiont represent gross alpha data with 

U-238 subtracted out. EPA guidelines for gross alpha 

re~uire subtraction of U-238 anc radon activity. Radon ~as 
not analyzed by the CLP, therefore, it could not be sub

tracted. 

Radiurn-226 and Radium-228 

The Clean Water Act (CWA) has a standard which governs the 

concentration of radiuna in water. This standard combines 

the concer.tr4tions of Aa-226 and Ra-228. The comtiined 

quideline under the CWA is S pCi/L. Table s-s depicts which 

sarrples exceeded this standard. A total of 13 wells ~1th 

18 observations over 5 pCi/L were recorded (Fiqure S-19). 

Concentrations of radium-226 (Ra-226} in the March 19BS 

sampling event ran9ed from 0.009 pCi/L in well No. EPA-25 to 
a high of 117 pCi/L in well No. EPA-18 (an alluvial well 
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Table 5-5 
r.JIOUNDWAT'f11 ANALYSES NITll F.Lf.VATID RADIOACTIVITY VALUJS 

.. 
Recllu• Th-210 u-:n8 Gross Alpha Gross Bela 

N•l I No. llqulfH _!!!!!_ >5 pCl/L ' >I pCl/L ' >15 pCl/L ~ >15 pCllL ' >50 pCl/L ' 
F.rA-J Zan. J )/115 JO.J u 68 44 

t:PA-5 Zone I )/85 15.6 u J8.J 81 

rrA-5 Zone I 5/85 Jl.J 79 

t:PA-6 Zone J )/115 5.4 10 2.05 )5 219 II 151 27 ]08 28 

t:PA-9 Zone J J/R5 7.4 )5 

t:rA-10 Zone J )/85 ]0 16 46. I )9 

t:Pll-10 Zone J 5/115 15.4 97 51.9 17 69.I )6 

r.r11-11 Zl>M) )/115 68.8 12 150. 2 J) 

t:PA-11 Zone l 5/85 18.8 11 82.9 u 125.I 19 

t:rA-JJ Zon1t J )/85 21.8 19 

t:PA-JJ Zone J 5/85 9.) J 37.8 60 

EPA-15 zone J )/85 55 lJ 111.8 JO 

EPA-15 zone 1 5/85 1. 5 61 50.6 II 15.4 JI 

EPA·JB Zone J )/85 lJ 5 11 lJ 189 24 

F.PA-19 Zon• ) )/85 2J.J 2J 16.5 60 

EPA-JO Allu•lel )/85 17.J JO 

t:rA-21 llllu•lel 5/85 18.I )5 

IPA-22 Zone I )/85 18.1 12 45 40 

EPA-2J Allu•lel 5/85 15.9 lJ JI.) 49 

EPA-JS llllwl•I J/85 64.1 6J 

EPA-J1 Alluwl•I J/85 11.1 12 17.4 94 

~ EPll-28 Alltnlel )/85 15.7 86 

EPA-JI Alluwlel 5/85 19 15 11.1 81 

610 Jone J )/85 41.6 28 U,J40 5 7,612 11 -J,061 5 BJ.6 10 

610 IOM J 5185 25.4 21 4,20 6 7J7 u 584 9 

611 Jone I J/115 J8.8 12 IJ4 u 116.11 19 Ill 24 

611 Zone I 5/85 19.0 H 118 lJ 148.5 11 108 2J 

625 Alltnlel )/85 7.05 15 70 15 

.. 
VellH! rdlcct1 1ubtr11ctlon of U-2J8, haw .. er, radon was not 11n11ly1ec'I. 
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scuthwest of the site). The values for well No. EPk-18 were 
anomalously high and probably reflect a poor analysis. A 
duplicate sample at well ~o. EPA-18 revealed an ~a-226 value 
~t 13 pCi/L. This latter value appears reasonable in con
sideration of the concentration in wells in t.his area: well 
Ne. ~PA-13 (Ra-226 of 11.4 pCi/L) and well No. !PA-S (Ra-226 
of 8 pCi/L) • Excluding the anomalously high value at well 
No. EFA-18, the next highest observation was at well 
No. 610. !his well located in Zone 3 northeast of the north 
cell had Ra-226 concentrations of 47.6 pCi/L in March 1985. 
Reanalyses in May 1985 revealed similar findings. The ~~c 
highest values at the site were well Nos. 610 (25 pCi/L) and 
EPA-ll (9.5 pCi/L). 

Ra-226 concentrations exhibited similar trends to Ra-226. 
Elevated concentrations of Ra-228 were found in the Zone l 
and 3 aell ~cs. (EPA-6, EPA-19, EPA-13, and EPA-15) east and 
northeaet of the north cell. 

!rends of radiu~-226 and -228 in ground~ater may be deter
mined from Figure S-19. For Zone 3, the maximwn combined 
radiun. activity occurs at well No. 610. 

hiqh as 47.6 pCi/L have been measured. 
Here activities as 

This activity decrea-
ses rapidly away fro~ this point. For example, all the do~n-
9radient wells are less than 25 pCi/L and many are below to 
C~A stancard. This significant reduction occurs in dis
tances of several hundred feet in some wells. 

In Zone l, no radium activities exceeded the CWA standard. 
It is concluded that radium activl.ty is not mi9ratir.9 in 
this unit. Only two alluvial wells exceeded the radium stan
dard. These included well Nos. EPA-28 (19 pCi/L) and 62S 
(7.05) pCi/L. The occurrence of the anomalously high value 
at well No. £25 cannot be currently explained. 
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Thorium-230 

Thorium-230 (Th-230) is a radionuclide that was found in the 
groundwater in concentrations ran9in9 from less than l pCi/L 
to a maximum of 41,340 pCi/L in well No. 610. Very few 
w~lls exhibited concentrations above l pCi/L (Table 5-5 and 
Figure 5-19). These ~ells were all complete~ in the zone 3 
aquifer and are in the •ame region as the elevated Ra-226 
and Ra-228 levels. As was the case with Ra-226, the dupli
cate aaJnple for well No. EPA-18 had anomalously high Th-230 
values. 

Review of the thoriWt distribution and comparison with the 
TDS Zone 3 plume (Figure 5-15) indicates that in the high 
TOS area around well No. 610 concentrations of thoriwn are 
very high (up to ~l,000 pCi/L). However, these values 
significantly decrease to about 0.2 to 0.4 pCi/L at the edge 
of th~ plume. It can be concluded that Th-230 is not 
migrating far from the tailings ponds. 

Thorium distribution at the •ite refle~ts the control of pH 
on the solubility of thorium. At pH values below S.O (near 
the ponds), thorium can remain in solution. At near neutral 
to alkaline pH values, thorium precipitates and i• immobile. 

Uranium-238 

Analy•es for Uranium-,38 CU-238) ranged from a high of 
76li pCi/L in well No. 610 to a low o! 3.1 pCi/L in well 
No. EPA-7. Alluvial well• generally had concentrations of 
less than 20 pCi/L. However, well No. 625 did show concen
trations above 70 pCi/L in the first smtpling round. No 
drinking water •tandard is available for uranium activity. 
In order to isolate wells with appreciable u-238 activities, 
a &cmewhat arbitrary value of 15 pCi/L was chosen. This 
value reflects the alpha activity standard and uranium-238 
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is an alpha em1tt•r. Table 5-S lists th• walls that 
exceeded this value. Fifteen wells were 1hown to exceed th• 
15 pCi/L value. These wcll5 also exceeded the radium stan
dard. 

Revie~ cf !1qure S-19 indicates that U-238 activity rapidly 
decreaseo away from the core of the Tt>S plume. However, 
U•238 has been found outside of UNC property at elevated 
concentrat1ons. For example, well No. EPA-6 exhibited a 
uranium activit~· o! 219 pCi/L. 

Gross Alpha and Gross Beta 

Gross alpha and beta are tw~ parameters for which the CWA 
does have stanaards. For gross alpha, th• n:aximwn contami
nant l&vel after subtracting uranium and radon activity is 
15 pC1/L. Raden values were not analyzed; therefore, 
Table 5-5 dep1cts groundwater analyses which do not subtract 
radon activity. 

Gross beta is a direct reading. A limit of SO·pCi/L exists 
under the ~h. Only six occurrences above the value were 
found in the groundwater analyses. Of these cccurrences, 
only on• w~ll was completed in the alluvial aquifer. Th1s 
well No. 625 is in the southwestern portion of the site. 

Gress alpha readings above lS pCi/L (without subtraction cf 
radon) are ubiquitous throughout the aite and in all aqui
fers of concern. Bowever, in review cf Figure 5-19, several 
trends can be made. Zone 3 wells have highest gross alpha 
concentrations in the TDS plwne where concentrations exceed 
10,000 ~;/L. Here, activities were up to 3,000 pCi/L. Down
gradient near the fringe of the plume values decreased to 
about 100 pCi/L. Outs1de the plume, activities are in the 
vic1n1ty of SO pCi/L. 
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ALLUVIAL AQUIFER CONTAMINATION 

The alluvial aqu1fer hos been impacted by the mine water 
Qischarges and tailings leachate. Several distinct hi9h TOS 
~lumes have been found at the •ite. The major plwne extends 
southwest from the southern cell down the stream valley. 
This plume extends a mir.imum of 1,000 feet past the southern 
cell. The extent of the plwne 1a beyond the furthest down
qradient monitoring well. Po•t RI field investigations by 
UNC found TOS levels in excea• of 20,000 mg/L in the south
west alluvium. V~C has attributed these concentrations to 
natural levels in th• Mancos Shale beneath the alluvium. 
Invest19ations from the'RI work indicate anomalously high 
TOS concentrations in the alluvial aquifer, near the Mancos 
Shale contact. At this time it cannot conclusively be shown 
what is the source of these anomalies. 

Another plwne, as ev2dencea by TOS concentrations, has been 
shown to radiate from the north cell. The extent of this 
plume is small6r (less thar. 800 feet) than the southwest 
alluviwr. plume. The major reason the •outhwest plume 
extenas further is because of higher groundwater velocities 
beneath the str•am channel. 

Alluvial contaminants, in addition to 'l'DS include nitrate 
c2n exce11 of 200 mg/L), and sulfate (in excess of 
8,000 mq/~). Heavy metals have al•o been found at concen
tration• above water quality •tandards. Among these are 
seleniwn f0.4 mq/~), manganese (20 mg/L), cadmium 
(0.125 mq/L), and molybdenum (0.28 m9/L). 

Radionuclide• in the alluvium are primarily repre•ented by 
9ross alpha activity. Values above the 9ros• alpha primary 
drink~~; water standard were found in •ix alluvial wells. 
These- wells e~hibited gross alpha activities ranging from 16 
to 45 pCi/L. One well had a qross beta activity in excess 
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of the 50 pCi/L standard. The radium-226 and -226 stanaerc 
ot S pC~/L was exceeded in two alluvial w~lls. Thorium and 
uranium isotopes were aho~n not to miqrate away from the 
ponds ~n the alluviwn. 

ZONE 3 CONTAMINATION 

The Zone 3 aquifer has been ••v•rely impacted by con~ami
nants that have leached from the northeast portion of the 
north tailings cell. An elongate Tns plume has migrated 
more than 2,000 feet from the disposal aite. Thi• contami• 
nant plume has m19r&ted at a hiatoric rate of between 337 
anc 450 feet per year between 1979 and 1985. '1'DS concentra
tions near the eource are above 15,000 mg/L with pH value& 
belo~ 3.0. H1;h ammonia (100 m;/t), aulfate (8,000 mg/L), 
and nitrate (35 mg/L) are the maJor ions that affect water 
quality. Heavy metal concentrat1cn1 in the Zone 3 plwne 
exceed pr1rnary and secondary water quality 1tandard1, ho~
ever, these concentrations typically decrease away from th& 
source. Heavy metals have mi9rate~ into the tribal lands 
east of the site. Max4mwr. concentr1ticn1 on tribal lands 
~nclude: cadmium Cup to .277 ms/L) chromiwn (.135 mg/~), 
manganese <SS mg/L), arsenic (l.B mv/L), and berylliWll 
(.~S4 mq/L). Tal:lle 6•1 summarize• typical maximum contami
nant levels in ;roundwater on tribal landa. 

~adionucl1de ciatribution in Zone 3 indicates that activity 
levels decrease very rapidly from the source. Thorium ar.a 
ura~1um activities have been shown to decrease from 41,000 
and 7,000 pCi/L to leas than land 55 pCi/~, respectively, 
over a distance of 800 feet. Jtadicnuclides have alao beer. 
found at offsit~ locaticn1 (tribal lands) in lone 3 wells. 
~ell No. EPA•6 vhich i• about 800 feet from the 4iapo1al 
pond had the followir.9 radionuclide activity levela: 
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Radionuclide 

Raciwn-226 anc -228 
Thorium 230 
t,;ranium-238 
Gross Alpha 
Gross Beta 

Activity 
(pC1/L) 

S.4 
2.05 

219 
151 
308 

ZONE 1 CONT»~INATION 

The zone 1 aquifer has also been contaminated by site acti
vities. The extent of contmr.ination, hcwever, i1 not as 
extensive as in Zone 3. TCS plwnes for the Zone l aquifer 
indicate that contaminant• are leaving the aite from the 
northeast section of the north tailing• cell and migrating 
to the northeast and east. Another plume i1 mi9ratin9 east
ward from borro~ pit No. 2 and has encroached onto the tri
bAl lands east of the a1te. •oth of the Zone l contami~ant 

plwnes have traveled &t least 800 feet from thejr •ources. 
Contaminant velocities, as d•termined by historical TDS ~is
tribution, have been estimated at 100 feet per year between 
l 9 7 9 anc 196 s • 

. 
The Zone 1 contair.1nant plwnes, on the tribal lands are char-
acterized Dy TDS concentration• between 6,000 and 7,000 mq/l, 
acid1c pH C4•S), and high nitrate concentration• (above 
lOO mg/L). Metal in groundwater en the tribal landa have 
had ccncent~aticna up to 0.143 mg/L of cadmiwn, 1 mg/L of 
arsenic and 15 mg/L cf manganeae (Table 6•1). 

Radicnucl1d~1 activities are highest near th• nort.h cell of 
the tail1ngs pond (well No. 611). H~re, thorium (29 pCi/L), 
uranium (134 pCi/L), gross alpha (117 pCi/L), and 9roa1 betG 

llC& pCi/L) attain maximum Zone 1 levels. Radionucl1des do 
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not, however, travel very far in the Zcne 1 aquifer. At th~ 
five Zone l wells on the tribal lan~s, only gross alpha acti
vity exceeded water quality standards. Gross alpha activity 
in these four wells ranged from 10.9 to 28.2 pCi/L. 

INTERRELATIONSHIPS OF THE AOUITERS 

One of the goals of the investigation was to determine the 
degree of interrelationship between site aquifers. RI pu.~p 

tests showed little drawaown in wells within the same unit 
as the pumpin9 w~ll. Therefore, the aquifers were not 
"stressed" enough to produce drawdown in lower or upper aqui
fers and no conclusion can be made on the interconnectivity 
of the ~quifers. Review of previous testing has indicated 
that, in places, the aquifers are hydraulically connected. 

This phenomena is also indicated in hydrogeologic cross
sections where piezometric surf aces for the three agu~fers 
are near identical at some locations. In portions of the 
site, there appears to be no hydraulic connection between 
the aquifers. This is evidenced by substantial piezometrie 
head differences between aquifers. 

RECO~Y.I:NOATIONS 

The Rl was responsible for filling previously identifiea 
data 9aps and supplementin9 or verifying information ccllec
tec to date at the site. The need for additional RI work is 
dependent upo:i the scope of the FS. Asswnin9 that the FS 
applies only to the remediation of the 9roundwater, the fol
lowing ar~ potential data gaps and future activities. 

The principal data gap for the remediation of groundwater 
contamination is characterization of the source, the tail
ings pond. A detailed characterization would include 
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SITE NAME AND LOCATION 

DECLARATION 
FOR THE 

RECORD a= DECISION 

United Nuclear Corporation 
McKinley County, New Mexico 
Groundwater Operable Unit Remedial Action 

STATEMENT OF PURPOSE 

This decision document presents the remedial action for the Groundwater 
Operable Unit of the United Nuclear Corporation (UNC) site selected by the 
United States Environmental Protection Agency (EPA) in accordance with the 
Comprehensive Environmental Response, Compensation, and Liability Act of 
1980 {CERCLA), as amended by the Superfund Amendments and Reauthorization 
Act of 1986 (SARA), and the National Contingency Plan (NCP). 

STATEMENT OF BASIS 

The decision is based upon the administrative record for the United Nuclear 
Corporation Superfund Site. The attached index (Appendix E) identifies the 
items which comprise the administrative record upon which the selection of 
this remedial action is based. 

Remedial action for the Groundwater Operable Unit is part of a comprehensive 
response action for the United Nuclear Corporation Superfund Site. Remedial 
activities addressing source control and onsite surface reclamation will be 
implemented by United Nuclear Corporation under the direction of the U.S. 
Nuclear Regulatory Commission (NRC), pursuant to the facility's NRC license, 
and int~grated with the Environmental Protection Agency's selected remedy for 
the gr~undwater operable unit. Agency responsibilities for remedial action 
at the United Nuclear Corporation site are delineated in a Memorandum of 
Understanding (MOU) signed by the EPA and NRC in August 1988. (Appendix I) 

The Nuclear Regulatory Commission and the State of New Mexico have reviewed 
the proposed plan for.remedial action, as identified in the remedial 
investigation/feasibility study {RI/FS), and proposed Plan of Action Fact 
Sheet, and support the remedy described in this Record of Decision. 
{Appendices F, G) 
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DESCRIPTION rJr SELECTED REMEDY 

The Operable Unit fo! the United Nuclear Corporation site addresses high 
levels of radiological and nonradiological constituents that have seeped 
from tailings into groundwater outside the tailings disposal site. The 
hazardous substances of primary concern are arsenic, cadmium, cobalt, 
nickel, radium-226/228, selenium, and gross alpha. The tailings seepage 
has contaminated portions of the shallow alluvial groundwater system and 
underlying Upper Gallup Sandstones. 

The selected remedy for this operable unit is designed to contain, remove, 
and evaporate contaminated groundwater resulting from tailings seepage 
outside the tailings disposal area thus preventing further migration of 
seepage into the environment. The remedy is comprised of the following six 
elements. 

1. Implementation of a monitoring program to detect any increases in the 
areal extent, or concentration of sroundwater contaminat1on at, and 
outside of, the boundary of the tailings disposal area. 

Evaluation of geochemical and hydrological information indicates that a 
tailings seepage mound exists in the tailings disposal area resulting in 
migration of contaminated groundwater into the alluvium, as well as under
lying Zone 1 and Zone 3 Upper Gallup sandstones. Tailings seepage has 
migrated outside the tailings disposal area in each of these three aquifers, 
and there is the potential for further downgradient migration. For these 
reasons, a monitoring program will be established prior to the installation 
of extraction wells in each aquifer. 

The monitoring program will consist of a groundwater monitoring network 
comprised of a series of wells to measure water levels and water quality. 
The monitoring points shall be located upgradient, downgradient, and cross
gradient of seepage plumes in order to further define the extent of contami
nation in Zones 1 and 3 of the Upper Gallup Sandstone, and the southwest 
alluvium. The extent of contamination in each aquifer, and concentration 
of contaminants in each well, shall be used to identify the most effective 
pumping well locations. 

2. Operation of existing seepage extraction systems in the Upper Gallup 
aguifers. 

Because seepage from tailings has migrated into underlying Zone 1 and Zone 
3 sandstones, the selected remedy includes operation of the East 
pump-back wells in Zone 1 and the Northeast pump-back wells in Zone 3 until 
adequate dissipation of the tailings seepage mound has been achieved. 
Operation of these two pump-back systems will be integrated with active 
seepage remediation that may be required by the NRC inside the tailings 
disposal area, and with active seepage collection as required by EPA outside 
the disposal area. 
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3. Containment and removal of contaminated groundwater in Zone 3 of the 
Upper Ga11up Sandstone util1z1ng ex1st1ng and add1t1onal wells. 

Active remediation of Zone 3 outside the tailings disposal site will be per
formed in areas contaminated by tailings seepage. The full extent of the 
tailings seepage plume w1ll be determined dur1ng remedial design, prior to 
extraction well installation, and will be delineated on the bas1s of ground
water flow directions in the aquifer in conjunction with identification of the 
margin or amount by which standards are exceeded for hazardous constituents 
in groundwater. 

Seepage collection in Zone 3 will be designed to create a hydraulic barrier 
to further migration of contamination. Final well locations will be guided 
by observed saturated thicknesses in Zone 3, and the extent of the tailings 
seepage plume as defined above. Data obtained during performance rnonitor1ng 
of the extraction system should be used to determine the optimum rate of 
pumping, and extent and duration of pumping actually required. 

4. Containment and removal of contaminated groundwater in the southwest 
alluvium util1z1ng exist1ng and add1tional wells. 

Active remediation in the southwest alluvium will be performed in areas 
contaminated by tailings seepage. The extent of the tailings seepage plume 
outside the tailings disposal area will be determined prior to extraction 
well installation. Delineation of alluvial contamination will be based on 
groundwater flow directions in the aquifer in conjunction with identification 
of the margin or amount by which standards are exceeded for hazardous consti
tuents in groundwater. 

Seepage collection in the southwest alluvium will be designed to create a 
hydraulic barrier to further migration of contamination while the source is 
being remediated. The number of extraction wells required, and their final 
locations, will be determined from the observed saturated thicknesses in 
the alluvium, and the extent of the tailings seepage plume as defined above, 
during the remedial design phase. Data obtained during performance monitoring 
of the extraction system should be used to determine the optimum rate of 
pumping, and extent and duration of pumping actually required. 

5. Evaporation of groundwater removed from aguifers outside the disposal 
area usin~ evaporation ponds supplemented with mlst or spray systems to 
enhance t e rate of evaporation. 

Tailings seepage extracted in pumping wells will be directed to an evapora
tion disposal system consisting of lined evaporation ponds and mist or 
spray evaporation systems. Inflow to the evaporation disposal system will 
be from current and required extraction wells outside and/or within the 
tailings disposal area. The evaporation pond system, coupled with mist and 
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spray evaporation systems, will be sized and operated in order to provide 
suff1cient evaporative capacity for maintenance of a reasonable operational 
water balance. Optimization of the evaporation disposal system should occur 
during the first sevaral montns of operation. 

6. Implementation of a ~erformance monitoring and evaluation pro¥ram to 
determine water leve and contaminant reduct1ons in each agui er, and 
the extent and duration of pumping actually reguired outside the 
tailings disposal area. 

In order to evaluate predicted reductions in contaminant concentrations 
with time in a particular aquifer, and declines in pumping rates, a 
performance monitoring program shall be implemented. Performance 
monitoring during active seepage remediation will allow a determination to 
be made regarding the adequacy of groundwater remedial actions outside the 
tailings disposal area at the United Nuclear Corporation site. 

These elements comprise remedial action in the groundwater operable unit at 
the United Nuclear Churchrock site. The Nuclear Regulatory Conmission has 
directed United Nuclear Corporation to subm;t a reclamation plan addressing 
source control and surface reclamation measures at the site under the 
Company's Source Material License. Upon approval of a final reclamation 
plan, both groundwater and source control/surface reclamation remedial 
actions will be integrated and coordinated to achieve comprehensive 
reclamation and remediation of the site. 



Table 6 
COMPOUNDS EXCEEDING STANDARDS 

North South Sec. 36 
Contaminant Zone 3 Zone 1 Alluvium Alluvium Alluvium 

Aluminum x x 
Arsenic x x 
Cadmium x x x x 
Cobalt x x x 
Manqanese x x x 
Molybdenum x x x x 
Nickel x x x 
Selenium x x x 
Nitrate x x x x 
TDS x x x x x 
Ra-226-228 x 
Gross Alpha x x x x x 



1. SITE LOCATION AND DESCRIPTION 

The United Nuclear Corporation (UNC) Churchrock site is located approxi
mately 17 miles northeast of Gallup. New Mexico, in McKinley County (Figure 
1). United Nuclear Corporation. also referred to herein as the potentially 
responsible party (PRP). operated the site as a uranium mill facility within 
UNC-owned Section 2. Township 16 North. Range 16 West (Figure 2). The sfte 
includes an ore processing mill and a tailings pond area which cover about 
25 and 100 acres. respectively. The tailings pond area is subdivided by 
cross-dikes into three cells identified as the South cell. Central cell, and 
North cell. In addition. two soil borrow pits (Pits No. 1 and No. 2) are 
present in the Central Cell area. Borrow Pit No. 2 is currently used for 
storage of recovered and neutralized water extracted by three well systems 
operated by UNC. These pumpback wells are currently used to remove contami
nated groundwater from Zones 1 and 3 of the Upper Gallup Sandstone. 

The are~ around the site is sparsely populated and includes Indian tribal 
and allotted trust land as well as UNC-owned property. Section 36, Township 
17 North, Range 16 West, located northeast of the site, ts owned by UNC and 
bounded on the north by the Navajo Indian Reservation. The nearest resi
dence ts located approximately 1.5 miles northwest of the site. The nearest 
groundwater well ts located 1.7 miles northeast of the perimeter of the site. 
Four known operating wells are located within a four mile radius of the site. 

2. SITE STATUS 

2.1 Sfte Hf story 

The UNC uranium mill was granted a radioactive materials license by the 
State of New Mexico in Hay 1977 and operated from June 1977 to May 1982. 
The mill, designed to process 4,000 tons of ore per day, used a conven
tional crushing. grinding, and acid leach solvent extraction method to 
extract uranium. The ore processed at the stte pri1111rily came from two of 
UNC's nearby mines: Northeast Churchrock and Old Churchrock. Ore was also 
obtained from the nearby Kerr-McGee (Quivira) mtne. The average ore grade 
processed at the mtll was approximately 0.12 percent u3o8 (EPA, 1988). 
The crushing, grinding, and milling processes produced aft acidic waste of 
ground ore and fluid, co111DOnly referred to as tailings. The tailings were 
pumped to the tailings disposal area. An estimated 3.5 million tons of 
tailings were disposed in the ponds (EPA, 1988). 

Prior to licensing"of the UNC mill. uranium mining began in the area north 
of the present site. In 1968, the northeast Churchrock mine began operating 
and removed and discharged mine water. Water discharged from this mine. and 
later the ()Jivira mine. percolated into the ground and added water to the 
alluvial and Upper Gallup aquifers underlying much of the site. Limited 
monitoring of groundwater during the period of mining, and prior to operation 
of the mill. indicated water quality was variable. 
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In July 1979, the dam on the south cell breached, releasing approximately 
93 mill1on gallons of tailings and pond water to the Rio Puerco (EPA, 
1988). The dam was repaired shortly after 1ts failure. Cleanup of the 
resultant spill was conducted according to criteria imposed by state and 
federal agencies, including EPA, at that time. 

In October 1979, the New Mexico Environmental Improvement Division (NMEID) 
ordered UNC to implement a discharge plan to control contaminated tailings 
seepage. The tailings seepage had been deemed responsible for groundwater 
contam1nat1on. In 1981, UNC implemented a groundwater pumping system that 
withdrew groundwater from the site aqu;fers and returned it to Borrow Pit 
No. 2 for evaporation (EPA. 1988). 

UNC began tailings neutralization in late 1979. and continued the process 
until early 1982. Neutralization included the addition of c111111onia or lime 
to the tailings; neutralization has also been conducted several times 
during the history of the mill operation (EPA. 1988). 

In May 1982. UNC announced that they were going to temporarily close the 
Churchrock uranium mill because of depressed uranium market conditions. 
The market did not recover and UNC subsequently decided to close the facil
ity permanently (EPA. 1988). 

The offsite migration of radionuclides and chemical constituents into the 
groundwater. in addition to surface water and air emissions. prompted the 
placement of the UNC site onto the National Priorities List (NPL) of Super
fund sites in 1983. 

EPA's RI field activities at the UNC site were conducted from March 1984 to 
August 1987. The objectives of the RI field activities were to determine 
the nature and extent of groundwater contamination in the three aquifers at 
the site. 

During early 1987. UNC submitted a closure plan to the NRC for reclamation 
of the mill site. This plan has been under review by the NRC since then and 
;:~s formally approved in September 1988. On August 26. 1988. EPA and tne 
NRC signed a Hemorand111 of Understanding (lt:>U), a copy of which is attached 
4) Appendix I, which provides for the coordination of EPA's remedial acti~n 
with the U.S. Nuclear Regulatory Connission (NRC) required site reclamation 
action. UNC's current activities at the site are limited to (1) 
compliance monitoring activities, (2) an improved seepage collection system 
operation, (3) dust control, (4) decontamination and sale of selected 
equipment, and (5) enhanced spray evaporation of water contained in Borrow 
Pit No. 2. 

2.2 Response History 

In 1981 EPA conducted a preliminary evaluation of the UNC site consisting 
of an assessment of existing data and a stte ;nspect1on. The site, then 
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regulated by the State of New Mex;co under •agreement state• status with 
the NRC, was subsequently included on the Superfund Interim Priority List. 
In late 1982 EPA conducted an additional sampling inspection. In 1983 the 
site was formally placed on the National Priorities List of Superfund s;tes. 

EPA began the RI in August of 1984 and fieldwork began in early 1985 after 
site access problems were resolved. The RI, which addresses groundwater 
outside the byproduct materials disposal site, was released in August 1988. 

EPA also released a FS report in August 1988 along with a proposed plan of 
action fact sheet for the UNC site groundwater operable unit. EPA held a 29-
day public cormtent period and a public meeting. 

2.3 Enforcement History 

During 1982 and 1983. EPA and UNC engaged fn extensive negotiations with 
the aim of entering an agreed upon Administrative Order on Consent for 
conduct of investigative and remedial activities at the site in response to 
groundwater contamination. In August of 1983. after UNC declined to corrmit 
to an Order on Consent to promptly address groundwater concerns. EPA sent 
notice letters to UNC indicating its plans to conduct its own Remedial 
Investigation (RI) and Feasibility Study (FS). 

In September of 1983 UNC objected to EPA's decision to conduct its own 
RI/FS, stating that EPA had no authority under CERCLA with respect to the 
sfte, and that EPA's work would interfere and be duplicative of UNC's own 
efforts. EPA continued with development of its plans for a CERCLA RI/FS, 
but progress was slowed as UNC denied EPA access to the site to conduct 
RI/FS activities from April through September 1984. 

In August 1984 UNC filed suit against EPA for declaratory and injunctive 
relief in U.S. District Court for the District of New Mexico (No. 84-1163-
JB) seeking to prevent EPA conduct of the RI/FS. In September of 1984, EPA 
obtained and executed an Administrative Warrant to conduct preliminary RI 
activities. EPA also filed an action in the same District court seeking 
injunctive relief and an Order in Aid of Access (No. 84-1409-BB). During 
the months of October through December 1984, UNC and the United States 
filed numerous motions. in relation to both cases no. 1163 and no. 1409. 
In December of 1984 U.S. District Court dismissed case no. 1163 •without 
prejudice•. UNC also informed the Department of Justice of its intention 
not to interfere wfth EPA access to the site to conduct the RIIFS. and 
work on the study was able to proceed. In April of 1985. the U.S. District 
Court entered an order granting EPA access to the UNC site for the purpose 
of conducting the RI/FS. (UNITED STATES rF AMERICA v. UNITED NUCLEAR 
CORP., 610 F. SUPP. 527 (O.N.M.,1985)) 

In June of 1986 the State of New Mexico returned its authority to regulate 
uranium mills back to the NRC. This Regulatory change prompted the develop-
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The locations of operating wells sampled by EPA in 1987 are shown in Figure 9. 
Primary dr1nking water standards were not exceeded in any of the samples. 
Well lSK-303 and the Gray Well were the only samples containing 
radiological activity above l p1co curie per liter (pCi/L), with 15K-303 
containing 12.0 + 2.7 pCi/L beta and 1.6 + 0.1 pCi/L radium 226, and the 
Gray Well containing 2.5 + 3.0 pC1/L alpha and 5.6 + 3.6 pCi/L beta. These 
activities are below the drinking water standards. and related to natural 
background levels in area groundwater. The state standard for total 
dissolved solids (1000 mg/L) was exceeded in samples from all four wells, 
while the state standard for sulfate (600 mg/L) was exceeded in 15K-303. 
The state standard for iron (l.O mg/L) was exceeded in wells 16F-606 and lSK-
303, and that for manganese (0.2 mg/L) exceeded in well 15K-303. 
The princ1pal exposure pathways through which humans might potentially 
become exposed to contaminants in the future are: 

o ingestion of groundwater from wells outside the tailings disposal 
area in each of the contaminated target areas if water supply wells 
are ever installed before completion of remedial activity 

o inadvertent ingestion of surficial tailings solids 

EPA concluded from its public health assessment in the Feasibility Study 
that adverse health or env1ronmental hazards could result if no action was 
taken to prevent exposure to groundwater contaminants found at the site. 
The public health assessment assumed ingestion of groundwater at contaminant 
concentrations equal to those measured during the 1985 RI sampling events 
(Tables 4 and 5). This assumption was conservative since dilution and 
dispersion expected to occur if seepage were allowed to continue to migrate 
downgradient from the site would likely further reduce the concentration of 
contaminants from the concentrations assumed. The remedy selected for the 
UNC groundwater operable unit is designed to contain and remove groundwater 
contam1nated by tailings seepage thereby preventing continued downgradient 
migration of seepage and reducing significantly the amount of radiogenic 
and nonradiogenic constituents released into the environment. Groundwater 
remediation coupled with source control remedial action required by NRC 
will allow further improvements in groundwater quality at the UNC site. 
NRC-required source control measures, which address surficial contamination 
from windblown tailings solids and control of groundwater evaporation 
residues. are expected to eliminate significant potential risks to human 
health and the environment via the direct contact. air emissions, or surface 
exposure routes. 

4. COMMUNITY RELATIONS 

On April 6, 1987, EPA held its first convnunity meeting on the UNC site to 
discuss the status of on-going investigations at the site. and to clarify 
the respective roles of EPA and ~C in coordinating site reclamation. 
Navajo translation was provided and NRC was in attendance. Fact sheets 
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spray evaporation systems. Inflow to the evaporation disposal system will 
be from current and required extraction wells outside and/or within the 
tailings disposal area. The evaporation pond system, coupled w;th mist and 
spray evaporation systems, will be sized and operated in order to provide 
sufficient evaporative capacity for maintenance of a reasonable operational 
water balance. Optfmfzatfon of the evaporation disposal system should 
occur during the first several months of operation, and shall include pilot 
testing to determine the optim&111 pH for water evaporation. 

6. Im~lementation of a ~rformance monitoring and evaluation pro~ram to 
de emnne water teve and contam1nant reduct1ons 1n each a3ui er, and 
the extent and duration of pumping actually reguired outsi e the 
taitfngs disposal area. 

In order to evaluate predicted reductions in contaminant concentrations 
with time in a particular aquifer, and declines in pwnping rates, a 
performance monitoring program shall be implemented. Monitoring well 
locations shall be chosen at critical points to allow effectiveness 
evaluations of hydraulic capture zones in collecting tailings seepage. 

Performance monitoring during active seepage remediation will allow a detenn
ination to be made regarding the adequacy of groundwater remedial actions 
outside the tailings disposal area at the United Nuclear Corporation site. 
Monitoring data will also he used to aid in making any modifications fn 
remedial action outside the tailings disposal area, in order to meet CERCLA 
requirements. 

These elements comprise the selected remedy for the groundwater operable 
unit at the United Nuclear Churchrock site. As previously mentioned the 
Nuclear Regulatory Corrmission has directed United Nuclear Corporation to 
submit a reclamation plan addressing source control and surface reclamation 
measures at the site under the company's Source Material License. Upon 
approval of a final reclamation plan, both groundwater and source control/ 
surface reclamation remedial actions will be integrated and coordinated to 
achieve comprehensive reclamation and remediation of the site. 

6.2 Cost of Selected Remedy 

Tne estimated capital cost of the selected remedy is $12 million and the 
present-worth estimate using a 10 percent discount rate is $17 million over 
a 10-year period. This is approximate and made without detailed 
engineering data. The actual final cost of the selected remedy will depend 
on a number of factors which include: 

o material and labor costs, extraction well development, competitive 
market, conditions, and others direct and indirect costs related to 
the startup of remedial activityi 
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o achievable flow rates from extraction wells, and therefore, the size 
of the enhanced mister/pond evaporation system necessary to 
acco11111odate these flows; 

o changes in operation and maintenance costs related to well system 
performance; 

o changes in contaminant concentrations and pumping rates over time 
resulting from groundwater extraction and source control activities 
which may constrain the required duration of pumping; and 

o changes in parameters such as cleanup criterion, should significant 
additional information on background levels of constituents result 
in any significant adjustments of such parameters. 

6.3 Statutory Oetenninations 

Section 121 of SARA requires the selected remedy to be protective of human 
health and the environment, be cost effective, use permanent solutions and 
alternative treatment or resource recovery technologies to the maximum extent 
possible, be consistent with other environmental laws, and have a preference 
for treatment which significantly reduces the to~icity, volume, or mobility 
of the hazardous substances as a principle element. EPA believes that the 
selected remedy best fulfills the statutory and selection criteria as compared 
to the other solutions evaluated herein. 

l. Protective of Human Health and Environment 

The selected remedy, by containing and removing tailings seepage, will sub
stantially reduce groundwater contamination in aquifers outside the byproduct 
materials disposal site. Contaminant concentration in impacted aquifers 
will be reduced to ARARs to the maximum extent practicable. The selected 
remedy, in conjunction with NRC-directed source control remedial action 
should effectively mitigate and minimize potential threats to human health 
and the environment. Implementation of the selected remedy will not cause 
unacceptable short-term risks er crossmedia impacts. 

2. Cost Effective 

The selected remedy offers the lowest cost of all the treatment alternatives. 
Compared to other treatments alternatives, it is equally effective in remov
ing contaminants in the alluvial and Upper Gallup Zone 3 aquifers, and is 
equally implementable. As ~reviously mentioned, the characteristics of the 
Upper Gallup Zone 1 aquifer limit the implementability and reliability of 
an extraction well network (e.g. Alternative l) in significantly decreasing 
contaminant levels in this aquifer. 
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CLEANUP CRITERIA 

Concentrations of contaminants in each of the aauifers were 
compared to federal and state standards and background levels. 
Wells t~at had groundwater samples with or.e or more contami
nants exceeding standards or background levels were used to 

'develop target areas for groundwater cleanup. Contaminant
specific Applicable or Relevant and Appropriate Requirements 
(ARARs) identified as cleanup criteria for the UNC site were: 
Federal Safe Drinking Water Act (SDWA) Maximum Contaminant 
Levels (MCLs): New Mexico Water Quality Act (MNWQAl standards; 
and Health and Environmental Protection Standards for Uranium 
and Thorium Mill Tailings. Table ES-3 summarizes the 
contaminant-specific ARARs. 

For the purposes of the OUFS, background levels are based on 
postrnining, pretailings conditions and have been set by EPA 
and NMEID based on currently available information. Should 
additional information become available that would signifi
cantly alter the estimation of background levels, such in
formation would be evaluated in terms of its impact on 
remedial actions in each aquifer. 

PUBLIC HEALTH RISK ASSESSMENT 

A public health risk assessment was conducted for the no
action alternative following guidelines established in the 
Superfund Public Health Evaluation Manual (EPA, 1986). Two 
exposure scenarios were analyzed: current and future use. 
The current use scenario evaluates exposures from consumptior. 
of groundwater from existing domestic and livestock wells. 
The future use scenario assesses exposures that result from 
consumption of groundwater from hypothetical dome~tic use 
wells located within each of the cleanup target areas. 

Results of the public health risk assessment indicate that 
potential excess lif~time cancer risks from ingestion of 
arsenic s~ntaminated g~~undwater at the site range from 
1.0 x 10 to 1.2 x 10 . Potential excess cancer death 
risks fr~~ ingestion o£5radionuclides at the site range from 
1.8 x 10 to 6.5 x 10 • Evaluation of noncarcinogenic 
risks at the site indicate that estimated daily intakes for 
several contaminants exceed established healch-based levels. 

SCREENING OF RESPONSE ACTIONS, TECHNOLOGIES, 
AND PROCESS OPTIONS 

Response actions, technologies, and process options that are 
potentially suitable for application to the clean-up target 
areas were developed and screened. The first step in the 
screening process was the identification of the remedial 
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The rema1ning nonrad1oloqical contaminants were evaluated on 
the basis of noncarcinogen1c health effects. These contami
nan~s were assessed in terms of toxicolog1cal end points 
sue~ as neurotoxicity, behavioral toxicity, hepatotoxicity, 
renal toxicity, hematologic toxicity, reproductive tox1city, 
and teratogenicity. 

Table 4-9 presents summaries of toxicity profiles of the 
ll indicator chemicals for both carcinogenic and noncarcino
genic effects. 

TOXICITY SUMMARIES--RADIONUCLIDES 

Radium-226, radium-228, thor1wn-230, and uranium-238 have 
been detected in the groundwater at the site. Once ingested, 
each of these radionuclides accumulate to some degree in 
human bone tissue. The radioactive decay of these materials 
produces alpha, beta, and gamma radiation, which may deliver 
significant. radiation doses to the bone t~ssue. Bone cancers 
have been observed among individuals who were exposed to 
radium in the course of luminous-dial manuf6cturing and among 
patients who received radium medicinally during the early 
years of this century (Eisenbud, 1987) . Leukemia has been 
observed in increased frequency among groups exposed to ion-
1zing radiation, such as the survivors at Hiroshima and 
Nagasaki. Also, thorium can be taken up by the liver and 
uranium by the kidney. 

RISK ASSESSMENT 

Quantitative health risks are calculated using the exposure 
and toxicity information presented previously. Health risks 
are presented in terms of both carcinogenic and noncarcino
genic effects. 

CARCI~OGENS--NONRADIONUCLIOES . 
The methodology used in this risk assessment is based er. ~he 
Superfund Public Health Evaluation Manual (EPA, 1986). For 
carcinogenic contaminants via the ingestion pathway, the 
estimated lifetime cancer risk (R) was calculated using ~he 
following model: 

R = p x d 

where: 

p = cancer potency (kg-day/mq) 
d = lifetime average intake (mq/kg/day) 

The excess lifetime cancer risk is the incremental increase 
in the probability of contracting cancer over a 70-year 
period. 

4-13 



the boundary of Section 2 in each of the target areas. The 
conta~inant concentrations that exist u~der t~is scenario 
are assumed to-be equal to concentrations measured duri~g 
the 1985 R! sampling events (Tables 4-1 and 4-2). This as
sumption is conservative. Dilution and dispersion occur~inc 
as the plume migrates downgradient from the site will likely 
further reduce the concentration of contaminants from the 
concentrations assumed. 

For the future ingestion scenario, the rate of qroundwater 
ingestion is assumed to be two liters per day for a 70-kg 
adult and one liter per day for a 10-kg child. Daily in
takes have been estimated for both the adult and child using 
the maximum and mean values for each contaminant. The maxi
mum and mean values have been calculated for each target 
area (north alluvium, south alluvium, Zone l, and Zone 31. 
The two northern alluvial target areas have been combined 
for this public health assessment. The calculated daily 
intakes of nonradiological contaminants for the future in
gestion of contaminated groundwater are presented in 
Table 4-7. 

The 70-year lifetime doses due to ingestion of radionuclides 
are presented in Table 4-8 for both maximum and mean concen
trations for the future use scenario. 

TOXICITY ASSESSMENT 

Some of the general toxicological effects associated with 
exposure to nonradioloqical indicator chemicals and 
radionuclides found at the site are summarized in this sub
section. Eleven nonradioloqical indicator chemicals were 
selected for discussion of toxicological characte~istics. 
These 11 chemicals were selected based on their frequency of 
occurrence at the site, concentration, and potential toxic 
effects. Exclusion of a chemical from this summary does not 
imply that exposure to these substances is without risk. 
All chemicals detected may contribute, in varying degrees, 
to potential risks from the site. 

TOXICITY SUMMARY--NONRADIOLOGICAL CONTAMINANTS 

The metals and inorqanics included in this assessment can be 
divided into two categories based on type of health effect: 
carcinogens and noncarcinoqens. Carcinogens are those con
taminants that may cause or induce cancer; EPA has various 
categories for potential carcinogens that are based on 
weight-of-evidence. Some metals may cause cancer by one 
exposure route but not by other routes. Arsenic is the only 
nonradiological contaminant detected in the groundwater that 
EPA currently considers carcinogenic via the ingestion route. 
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The remaining nonradiological contaminan~s were evaluated on 
the basis of noncarcinogenic health ef:ects. These contami
nants were assessed in terms of toxicological end coints 
such as neurotoxicity, behavioral toxiclty, hepatotoxicitv, 
re~al toxi~:~y, hematologic toxic:ty, =eproductive toxici~v, 
and teratogenicity. -

Table 4-9 presents summaries of toxicity profiles of the 
11 indlcator chemicals for both carcl~ogenic and noncarcino
genic effects. 

TOXICITY SUM.M.AR:ES--R.ADIONUCLIDES 

Radium-226, radiurn-228, thorium-230, and uraniurn-238 have 
been detected in the groundwater at the site. Once ingested, 
each of these radionuclides accumulate to some degree in 
human bone tissue. The radioactive decay of these mater:als 
produces alpha, beta, and gamma radiation, which may deliver 
significant radlation doses to the bone t:ssue. Bone cancers 
have been observed among individuals who were exposed to 
radium in the course of luminous-dial manufacturing and among 
patients who received radium medicinally during the early 
years of this century (Eisenbud, 1987). Leukemia has been 
observed in increased frequency among groups exposed to ior.
iz ing radiation, such as the survivors at Hiroshima and 
Nagasaki. Also, thorium can be taken up by the liver and 
uranium by the kidney. 

RISK ASSESSMENT 

Quantitative health risks are calculated using the exposure 
and toxicity information presented previously. Health risks 
are presented in terms of both carcinogenic and noncarc1no
genic effects. 

CARCI~OGE~S--NONRADIONUCLIOES 

The methodology used in this risk assessment is based on the 
Sucerfund Public Health Evaluation Manual (EPA, 1986). For 
carcinogenic contaminants via the ingestion pathway, the 
estimated lifetime cancer risk (R) was calculated using the 
following model: 

where: 

p = cancer potency (kg-day/mg) 
d = lifetime average intake (mg/kg/day) 

The excess lifetime cancer risk is the incremental increase 
in the probability of contracting cancer over a 70-year 
period. 
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The cancer potency factor converts estimated intakes directlv 
to incremental risk. (This factor is based on an upper 95- • 
percent confidence limit on the probability o: respor.se per 
un~t intake of a chemical over a lifetime, i.e., only 5 per
cent chance that the probability of response could be 
greater than the estimated value on the basis of the 
experimental data used.) If the exposure assessnent is 
conservative, the resultant health risk that is calculated 
is also conservative. Consequently, the calculated risk may 
overestimate the actual risk associated ~1th consuming 
groundwater at the site. 

EPA's cancer potency factor for arsenic, as listed in the 
Integrated Risk Information System !IRIS), is 15 kg-day/mg. 
Since EPA published this value, a scientific panel and the 
Risk Assessment Forum have recommended that it be reduced to 
1.5 kg-day/mg. This reduced value has been used to calcu
lated carcinogenic health risks. 

The excess lifetime cancer risk fro~ arsenic ingestion has 
been calculated using both the mean and maxJmum intake values 
for the future exposure scenario. The adult intake was used 
rather than the child intake because the risk conversion 
number is for 70 years of ingestion. Table 4-10 presents 
the excess lifetime cancer risks for future ingestion of 
arsenic from the various groundwater aquifers. Arsenic 
concentrations detected in samples from Zone 3 have the 
highest estimated excess lifetime cancer risks: th! esti
mated risk using the maximum concentration is lxlO , and_ 2 the estimated risk using the mean concentration is 2.5xlC 
It should be noted that these estimated lifetime cancer 
risks are based on arsenic concentrations that range from 
0.03 to 2.4 mg/l in Zones l and 3. The arsenic MCL of 
0.05 m~~l corresponds to an excess lifetime cancer risk of 
2.lxlO . 

Zone 1 
Zone 3 

Table 4-10 
POTENTIAL EXCESS LIFETIME CANCER RISKS 

FROM INGESTION OF ARSENIC IN GROUNDWATER-
FUTURE USE SCENARIO 

Excess Lifetime 
Cancer Risk 

Maximum Concentrations 

-3 
4.3 x 10_1 
1.0 x 10 
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Excess Lifetime 
Cancer Risk 

Mean Concentrations 

l 2 10-3 
• x 2 

2 5 lo -• x 



CARCINOGENS--RADIONUCLIDES 

Radionuclides that are deposited in the body could produce a 
variety of cancers (EPA 76, NAS 80). EPA's Office of Radia
t:on Progra~s CORP) indicates that risks due to radionuclide 
exposure should be calculated in terms of c'ncer fatalities. 
The ORP uses a conversion factor of 2.SxlO- excess risk of 
death from cancer from whole body exposure to one millirem 
of radiation. Table 4-11 presents the estimated risk of 
death from ingestion of radionuclides dete~ted in the various 
groundwater aquifers under the future use scenario. Zone 3 
also has the highest estimated health risk for ingestion of 
radionuclides: the e!rima~ed excess risk from ingestion of 
thoriW]2230 is l.SxlO using the maximum concentration and 
l.3xl0 using the mean concentration. The excess lifetime 
risk of death from ingestio~5of radionuc!~des under the cur
rent use scenario is l.7xl0 and 7.SxlO based on the max
imum and mean Ra-226 concentrations, respectively. 

NONCARCINOGENS 

Exposure to noncarcinogens has been assessed by comparing 
the estimated daily intake of contaminants to reference doses 
(RfDs) or Acceptable Intakes for Chronic Exposure (AICs). 
RfDs and AICs are estimates of an exposure level that would 
not be expected to cause adverse health effects when expo
sure occurs for a significant portion of the lifespan. For 
those indicator chemicals selected, RfDs and AICs have been 
developed for cadmium, manganese, nickel, and selenium. 
These values are presented in Table 4-12. To assess the 
overall potential for noncarcinogenic effects posed by in
gestion of multiple noncarcinoqenic contaminants, a hazard 
index CHI) approach has been used. For this method, which 
assumes dose additivity, the ratios of estimated eaily intake 
to the RfD or AIC for each contaminant are summed (EPA, 1986). 
As the HI approaches a value of one, the concern for possible 
noncarcinogenic health effects is increased. 

Table 4-12 
RfDs AND AICs USED IN THE RISK ASSESSMENT 

Contaminant 

Cadmium 
Manganese 
Nickel 
Selenium 

RfD or AIC (mg/kg/day) 

o.oog29a 
0.22b 
0.02 a 
0.003 

aAIC from Superfund Public Health Evaluation Manual (EPA, 
1986). 

bRfD IRIS Data Base (EPA, 1987) . 
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1dentified as Zone 3 and Zone 1 of the Upper Gallup Sandstone and the 
Southwest Alluvium. These format1ons are described in the Geohydrologic 
Report (GHR) (Canonie, 1987b), the EPA's Feas1b1lity Study (EPA, 1988a), 
and the EPA's Remedial Investigation (EPA, 1988b). 

2 

The correct1ve action at the Church Rock site described 1n the RD consists 
of extract1on of tailings seepage from Zone 3 and the Southwest Alluv1um. 
Limited seepage extraction from Zone 1 was to continue unt1l dewatering of 
Borrow Pit No. 2, which is the source of tailings seepage in Zone l, is 
completed. Figure 1-1 is a site or1entation map that provides an overv1ew 
of current site conditions and the target areas where correct1ve act1on 1s 
being implemented. The remedial action target areas were delineated 1n the 
RD (Canonie, 1989). For Zone 3 and Zone l, acidic pH and calculations of 
travel distance were used to determ1ne the extent of the target area. For 
the Southwest Alluvium, chloride concentrations greater than 100 mllligrams 
per 11ter (mg/l) and calculations of travel distance were used to determ1ne 
the extent of the target area. A summary of the remed1al actions completed 
1n 1989 is presented below. 

1.2 Remedial Activities 

1.2.1 Zone 3 Remedial Action 

Remed1al action in Zone 3 consists of pumping the existing northeast pump
back and new extraction wells located in or adjacent to the target area 
located northeast of the North Cell of the tailings impoundment. The 
existing northeast system consists of six wells pumping at an average 
comb1ned rate of approximately 8 gallons per minute (gpm). Figure l~l 

shows the location of the system. The wells were installed in 1983 as 
requ1red by the New Mexico Environmental Improvement Division to control 
migration of tailings seepage. The wells have been pumping continuously 
since that time and have extracted a portion of the seepage migrating from 
the North Cell of the tailings impoundment. 

The purpose of the new extract1on well system is to create a hydraulic 
barr1er to further mlgration of the plume and to dewater the remedial 

CanonieEnvironrr~ental 



action target area shown on Figure 1-1. The extractable volume of the 
target area in Zone 3 is estimated to be ZOO million gallons or less. The 
system of wells is designed to remove this volume in 6 1/2 years of opera
tion. However, monitoring of hydrogeologic conditions during remediation 
will determine the durat1on and magn1tude of pumping actually required. 

3 

Figure 1-1 shows the locat1ons of the new extraction wells. As shown, a 
total of 12 new wells, numbered 701 through 713, were installed in 1989. 
These wells comprise Stage I of the Zone 3 system described in the RD. The 
remaining Stage II wells are scheduled to be installed in 1991 with the 
number and location to be determined based on the performance of the 
Stage I wells. 

Originally, a total of 13 wells was proposed for the first stage of well 
installation . However, the results of the aquifer test conducted in the 
first five wells installed (708 through 712) indicated that Well 704 would 
have a low yield and, by interfering with adjacent extraction wells, could 
cause a net loss of system capacity by reducing the productivity of sur
rounding wells. United Nuclear sought and received approval from the NRC 
and EPA for exclusion of the well from the program in June 1989. 

The new Zone 3 extraction wells began pumping on August 7 and 8, after 
installation of the distribution lines was compieted. The wells have 
pumped continuously since that time with a combined average flow rate of 
approx1mately 43 gpm. This rate is less than the rate of 60 gpm assumed 
during the system design because the hydraulic properties of the formation 
limit the productivity of the wells. The extraction wells are monitored 
daily for water level, instantaneous pumping rate, and cumulative volume 
pumped so that adjustments to system operation can be made as needed. 
Evaluation of the performance of the system is based on the data collected 
since the third quarter sampling event in July 1989. 

1.2.2 Zone I Remedial Action 

Tailings seepage in Zone 1 originated from its subcrop in Borrow Pit No. 2 
and migrated to the east of the Central Cell of the ta1lings impoundment. 

CanonieEnv1ronmental 
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Figure 1-1 shows the .l'tcation of Borrow Pit No. 2 in relation to the plume 
•• in Zone I. The remed1al action for Zone 1 consists of dewatering Borrow 

Pit No. 2 and conti~uat1on of pumping from the ex1sting north cross d;ke 
and east pump-back wells until the p1t is dewatered. Additional pumping 1n 
Zone 1 has been determ1ned to be infeas1ble due to the low transmissivity 
of the format1on w1thin the target area (Canonie, 1987b; EPA, 1988a). 

In accordance w1th the schedule presented in the RD, Borrow Pit No. 2 was 
dewatered in 1989. In fact, dewatering was completed at the end of Apr1l 
1989, which was approximately 6 months earlier than anticipated at the tlme 
the RD was submitted. Since Borrow Pit No. 2 is dry, remed1al act1vities 
for Zone 1 consist of monitoring water levels and water qual1ty in 10 wells 
located east and northeast of the p1t. Although Borrow P1t No. 2 is dry, 
the existing pump-back wells continue to operate as required by the NRC 
L1cense and the EPA in the AO (EPA, 1989). Evaluation of the performance 
of the Zone 1 remediation is based on the data collected since the second 
quarter sampling event in April 1989, when Borrow Pit No. 2 was dewatered. 

1.2.3 Southwest Alluvium Remedial Action 

Remedial action for the Southwest Alluvium consists of pumping three ex
traction wells compr1s;ng a barrier/collection system in the target area 
shown on Figure 1-1. The system is located downgradient of the southern 
edge of the South Cell of the tailings impoundment and upgradient of the 
Points of Compliance (POC) wells designated by the NRC for the Southwest 
Alluvium. The location, spacing, and pumping rates for the wells were 
designed to establish a hydraulic barrier to further migration of seepage 
through the alluvium while the source is being remediated. 

Figure 1-1 shows the location of the three extraction wells (801 through 
803) and four monitQring wells (804 through 807} that were installed in the 
Southwest Alluvium. The wells were installed in August 1989 and began 
pumping on October 16, 1989. The wells have pumped continuously since that 
time with a combined average flow rate of approximately 20 gpm. This rate 
is higher than the rate of 17 gpm assumed for-development of the system 
design. As w1th the Zone 3 system, the extraction wells are monitored 
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daily for water level, instantaneous pumping rate, and cumulative volume 
pumped so that adjustments to system performance can be made as needed. 
Evaluation of tne performance of the system is based on the data collected 
since the fourth quarter sampling event 1n October 19B9. 

1.2.4 Evaporation Disposal System 

Seepage collected by the extraction wells is being disposed of by evapora
t1on. The evaporation disposal system 1s designed to dispose of the ex
tracted tailings seepage by the end of 1996. As shown on Figure 1-1 the 
system cons1sts of two, five-acre lined evaporation ponds equipped with an 
evaporat1on mist system and a separate mist or spray evaporation system 
installed on the surface of the tailings. The evaporation disposal system 
has been installed and is operating entirely with1n the tailings disposal 
area. Details of the design and construction of the system are presented 
in Amendment I of the Reclamation Plan {Canonie, 1988a), the Technical 
Specifications (Canonie, 1988b) and the As-Built Report (Canonie, 1989c). 

The lined ponds were constructed in October 1988 through January 1989 
and began operation on January 3, 1989. The misters were installed in 
spring 1988 and have been used during the summer months to help control 
windblown tailings and dispose of the water from the extraction wells and 
Borrow P1t No. 2. 

Between January and April 1989, water discharged tc the ponds cons1sted of 
water pumped from the existing northeast, north cross dike, and east 
pump-back well systems and from Borrow Pit No. 2. Since Borrow Pit No. 2 
was dewatered in April 1989, only water from the existing and new extrac
t ion wells has been discharged to the system. 

1.2.5 Source Control - Surface Reclamation 

Another component of the remedial action is the surface reclamation of 
tailings. Surface reclamation activities related to source control began 
in May 1989 and will continue until October 1997, when reclamation is 
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scheduled to be completed. Beneficial effects from the reclamation ac
tivities are to be realized by placement of a cover over the ta1lings 
1mpoundment to ~revent infiltration of prec1pitat1on. A description of, 
and techn1cal specifications for, the surface reclamation activities are 
presented in the Reclamation Plan (Canonie, 1987a). 

6 

As shown on F1gure 1-1, the reclamation activities completed 1n 1989 1n
cluded regrad1ng and placement of the 1nter1m soil cover in the North Cell. 
Regrading of the North Cell is an important step for source control for 
Zone 3 because the seepage present in this un1t originated from tail1ngs 
liquids in direct contact with the sandstone exposed in the northeast 
corner of the North Cell [GHR (Canon1e, 1987b)]. The regrading and recon
touring of the tailings materials, shown on Figure 1·2, eliminates ponded 
water and m1nimizes infiltration. In add1tion, placement of the compacted 
soil cover provides a low permeab1lity layer that also minim1zes 1nfiltra
tion. Permeability testing of the interim cover material provided values 
of 1.4 x io· 6 cent1meters per second (cm/sec), 3.9 x 10·8 cm/sec, and 3.5 x 
10·8 cm/sec. These values conf1rm that the compacted soil cover serves a 
barr1er to 1nfiltration. As a result, further seepage recharge to Zone 3 

' 
is minimized. 

1.3 Performance Monitoring 

A program of performance monitoring was established to evaluate the success 
of the remedial action in meeting the design expectations. Performance 
monitoring may indicate that the objectives have been met and the remedy 1s 
complete. The results of the monitoring may also indicate that achievement 
of all cleanup levels in a reasonable time period is technically impract1-
cal and that establishment of Alternate Concentration limits (ACls) or a 
waiver to meeting certain contaminant-specific Applicable or Relevant and 
Appropriate Requirements (ARARs) is necessary. A detailed description of 
the mon1toring program is presented in the RD (Canonie, 1989a). Figure 1-2 
presents the locations of the wells included in the performance monitoring 
program. 
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they were collected in mid-July, immediately prior to startup of the sys
tem. The fourth quarter data represent conditions after three months of 
pumping (August through October). 

The results of the evaluat1on ind1cate that the ~xtraction wells are per
form1ng as des1gned and are successful 1n: 

1. Capturing and extracting seepage in the remedial action target 
area; and 

2. Creat1ng a hydraulic barrier to further migrat1on of tailings 
seepage. 

For example, the saturated thickness of the formation has been reduced by 

more than 20 feet in the center of the well system. The area where draw
down caused by the wells equals or exceeds 10 feet is approximately 52 
acres. This area of intense dewatering incorporates 90 percent of the 
Zone 3 target area. 

9 

Additional confirmation of the performance of the well system is provided 
by a comparison of actual field conditions and condit1ons predicted by the 
computer s1mulat1on. The location and configurat1on of the contours of 
saturated th1ckness based on the fourth quarter water level data are simi
lar to those generated by the computer simulation. The similarity of the 
contour plots indicates the system is operating as predicted in the RD 
(Canonie, 1989a). 

The prelim1nary pH data provide confirmation that the wells are extracting 
seepage. Comparison of the data from the third quarter and the fourth 
quarter sampling events indicates that the areal extent of tailings seepage 
represented by acidic pH was reduced by half, from approx1mately 72 acres 
to 34 acres, during the first three months of system operation. 

} ., 
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Zone 1 · Performance Monitoring Evaluation 

The Zone 1 perfennance monitor1ng evaluation utilized data collected dur1ng 
the second, th1rd, and fourth quarter 1989 sampling events. The second 
quarter data represent in1t1al conditions since they were collected at the 
end of Apr1l, lmmed1ately pr1or to dewater1ng of Borrow Pit No. 2. 

The results of the Zone 1 performance monitor1ng evaluation indicate that 
water level and pH measurements remained stable for the period between 
second quarter 1989 {when Borrow P1t No. 2 was dewater~d) and fourth quar
ter 1989. The plume, represented by acidic pH, has mlgrated approx1mately 
150 feet downgrad1ent from that delineated by the remedial act1on target 
area in the RO {Canon1e, l989a). Since the target area was established 
based on data collected 1n 1986, this distance lS approximately one-third 
less than would be expected us1ng the velocity of 115 feet per year to 148 
feet per year calculated in the RD (Canon1e, 1989a). Given the low per
meability of Zone l, dissipat1on of the mound w1ll be a long-term process 
and identifiable changes or trends in water level and pH will occur in 
small increments. 

Southwest Alluvium Performance Monitoring Evaluation 

The Southwest Alluvium performance monitoring evaluation utilized data 
collected during the fourth quarter sampling event ln October 1989 and 
water level readings obtained in December 1989 spec1fically for this re· 
port. The fourth quarter data represent in1tial conditions since they were 
collected immediately prior to startup of the extract1on wells. 

The results indicate that the extraction wells are performing as des1gned. 
Because the wells did not start operating until mid-October, the monitoring 
data provide only a preliminary indication of the effects of the extraction 
wells. However, review of the water 1,evel data indicates that the extrac
tion wells are beginning to cause a reversal of the water level gradient 
and creating a hydraulic barrier to flow. 
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U.S. TITANIUM SUPERFUND SITE 

NELSON COUNTY, VIRGINIA 

INTRODUCI'ION 

This Site Summary Report for the U.S. Titanium site is one of a series of reports on mining sites on 
the National Priorities List (NPL). The reports have been prepared to support EPA's mining program 
activities. In general, these reports summarize types of environmental damages and associated mining 
waste management practices at sites on (or proposed for) the NPL as of February 11, 1991 (56 
Federal Reeister 5598). This summary report is based on information obtained from EPA files and 

reports and on a review of the summary by the EPA Region m Remedial Project Manager for the 
site, Kim Hummel. 

SITE OVERVIEW 

The U.S. Titanium NPL Site covers approximately 175 acres of a former titamum dioxide 
manufacturing plant (milling and ore-processing plant) located within Nelson County, Virginia, in the 
rural community of Piney River, on the north side of the Piney River. Superfund remedial efforts are 

specifically directed toward seven locations on the site, comprising a total of about SO acres 
(Reference l, page 5). 

The site has had many different owners during its course of operation. According to EPA Region m, 
P.R. Corporation is the most recent owner, having acquired the property sometime after 1987 
(although the exact date was not known). U.S. Titanium was the owner prior to P.R. Corporation. 
The plant began operation in 1931 under the auspices of the Virginia Chenucal Corporation, which 
owned and operated the facility until July 1944. American Cyanamid Corporation operated the 
facility from 1944 to 1971. It owned the facility until 1973; the 2 years post-<>peration (i.e., 1971 to 

1973) were spent negotiating facility-<:losure plans with the State Water Control Board (SWCB). Mr. 
S. Vance Wilkins purchased the site from American Cyanamid in 1973. He owned it until 1976, 
when he sold it to U.S. Titanium (Reference S, page 1). 

The American Cyanamid Corporation appears responsible for the majority of waste generated and 
stored at the facility. During American Cyanamid's 27 years of operating the facility, about 80,000 
cubic yards of copperas waste (i.e., ferrous sulfate) was produced. This waste was stored onsite as a 

stockpile for later sale as a commercial product (the type and purpose of the product was not defined 
in the available literature) (Reference S, pages 1 and 2; Reference 2, Volume 1, pages 6 and 7). 
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However, the copperas waste stockpile was never sold commercially, and in December 1980, the 
wastes were buried onsite under State orders (Reference 2, Volume 1, page 8). Prior to burying the 
copperas waste, the facility owner that followed American Cyanamid (S. Vance Wilkins, the owner 

from 1973 to 1976) attempted to reduce runoff associated with the large stockpile of copperas 
material by installing a State-pemutted temporary leachate-collection and recirculation system (No

Discharge Certificate No. IW-ND-407) (Reference 5, page 1). 

Due to these various modes of copperas management prior to its final burial, several separate and 
distinct areas were identified as possible sources of contamination. These areas, combined with other 

locations used in the plant's manufacturing and/or wastewater treatment processes (e.g., an 
evaporation pond, an unreacted ore-waste pile, two sedimentation ponds, a settling pond, and a 

drainage area that receives the majority of the surface-water runoff from the site) comprise seven 
distinct and separate areas of concern (see Figure 1). Table 1 provides a brief description of each of 
these areas (Reference 1, pages 5 through 9; Reference 2, Volume 1, pages 3 through 5). 

U.S. Titanium improperly managed the temporary leachate-collection and recirculation system 
installed by Vance Wilkins. Contaminated runoff from the stockpiled copperas then entered the Piney 

River and caused six major fish kills (of over 228,837 fish) between July 1977 and June 1981. The 
1977 fish kill prompted SWCB to begin enforcement activities on the site. In September 1977, 
SWCB ordered U.S. Titanium to pay for the fish kill and submit a plan to dispose of the waste 
copperas. Although the company paid for the fish, it did not provide the requested disposal plan. 

During deliberations with the company, another serious fish kill occurred in August 1979, which 
prompted SWCB to request the Circuit Court of Nelson County to order U.S. Titanium to bury the 
copperas by December 31, 1980. In response to the court order, U.S. Titanium contracted with New 
Enterprise Construction Co., to dispose of the copperas waste from Area 2. The waste was buried in 

a clay-lined, capped, burial pit, now referred to as Area 1. Burial was completed on December 12, 
1980 (Reference 5, page 2; Reference 1, page 8). 

After several site inspections and assessments by EPA, the site was listed on the NPL in September 

1983. Following a civil action by the Commonwealth of Virginia against American Cyanamid and 
others for damages caused by the site, American Cyanamid was found liable for the damages. 

American Cyanamid signed a stipulation and order with the State establishing a schedule for 
completion of a temporary source control action, a Supplemental Remedial Investigation, and a 

Feasibility Study for the site. A Record of Decision (ROD), developed in accordance with 
Comprehensive Environmental Response, Compensation, and Liability Act. was signed by the Region 
m Administrator and concurred by the Commonwealth of Virginia in November 1989. The ROD 
estimated a treatment cost of $5,895,000 (Reference 2, Volume 1, pages 4 through 8; Reference 1, 

pages 8 and 9). 
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TABLE 1. BRIEF SUMMARY OF THE AREAS OF CONCERN FOR 
SUPERF1JND REMEDIAL ACTIONS 

NPL Area of 
Concern Description 

Area 1 Clay-lined, capped, burial pit where copperas from Area 2 was landfilled in 
1980. Area 1 encompasses about 2 acres and contains about 16,000 cubic yards 
of copperas. 

Area2 Former Copperas Stockpile, located on the slope east of Area 3. Area 2 covers 
approximately 8 acres. Copperas from manufacturing operations was deposited 
here from 1949 to 1971. 

Area 3 Contains the Evaporation Pond operated from 1974 to 1980. The Pond covered 
about 2 acres and was part of the system to prevent discharges to the Piney 
River under a State No-Discharge Certificate. 

Area4 Unreacted Ore-waste Pile. The Pile is about 1 acre and consists of clean outs 
from reactor vats used in the titanium dioxide process and dredge materials 
from the Sedimentation Ponds in Area 5. 

Area 5 Contains 2 Sedimentation Ponds used to remove settleable solids from plant 
wastewater prior to discharge to the River. The approximately 7-acre area lies 
in the 100-year floodplain of the Piney River. 

Area 6 Settling Pond used to recover phosphate ore, a by-product from titanium dioxide 
production. The Pond covers about 1 acre. 

Area 7 Drainage area receiving most of the surface-water runoff from the site and flow 
from the tributaries. The area covers about 1 acre and lies within the 100-year 
floodplain of the Piney River. 

Source: Reference 1, page 5 

OPERATING IUSTORY 

The Piney River plant began operations in 1931 under the ownership of the Virginia Chemical 
Corporation. Operations at the site by Virginia Chemical included the production of titanium dioxide 
pigment from native ilmenite ore (using the sulfate process) and production of phosphate through the 
digestion of native apatite ore with sulfuric acid (Reference 2, Volume 1, page 3). Titanium ore for 
the titanium dioxide production was obtained from mining operations directly south of the Piney River 
(Reference l, page 8). The source of the apatite ore for phosphate production was not specified in 
the references. The wastestream resulting from these early operations at the site consisted of spent 
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sulfuric acid, hydrated ferrous sulfate (copperas), diatomaceous earth filter cake, gypsum (from the 
phosphate process only), and unreacted apatite and titanium ore. From 1931 to 1944, this 
wastestream was discharged dll'ectly to the Piney River (Reference 2, Volume 1, page 3). 

Amencan Cyanamid Company purchased the site from Virginia Chemical in 1944. American 
Cyanamid discontinued phosphate producuon and operated the facility for titanium dioxide production 
only; wastestreams were still discharged directly to the Piney River. Beginning in 1947, American 

Cyanamid constructed a State-permitted Settling Pond to remove settleable solids from the 
wastewater. This Settling Pond is now referred to as Area 5. In the early 1950's, the company 
employed partial neutralization of the wastewater; and by 1955, it had eliminated suspended solids 
from the effluent and had significantly reduced sulfuric acid dascharges. A Neutralization Lagoon was 
installed and became operational in 1957. By 1961, wastewater was being neutralized to a pH of at 
least 5; flow- and pH-monitoring equipment had been installed on the effluent stream; and a sulfuric 
acid recovery plant was being operated continuously (Reference 2, Volume l, pages 3 and 4). 

American Cyanamid ceased all operations in 1971. At the time of closure, American Cyanamid 
undertook a study to determine what could be done to reduce the acidic discharges from the Copperas 
Stockpile which had accumulated between 1949 and 1971 (approximately 80,000 cubic yards of the 
material had been stored for sale as a commercial product). The area where the copperas had been 

stored is now referred to as Area 2. The SWCB approved American Cyanamid's plans for the 
excavation and subsequent burial of the copperas in a clay-lined landfill on the south side of the Piney 
River on April 5, 1973 (Reference 2, Volume 1, page 4). 

Pnor to plan implementation, however, American Cyanamid sold the site to Mr. S. Vance Wilkins (in 
1973) with the stipulation that he complete its plan (American Cyanamid paid him $100,000 as part of 
the sales agreement to do this). Rather than implement American Cyanamid's plan, Mr. Wilkins 
opted to install a temporary copperas leachate-collection and recirculation system consisting of a lower 
collection lagoon located in the southern portion of what is now referred to as Area 2; an upper 
Evaporation Pond in an area now referred to as Area 3; and a pumping system for transferring the 
leachate from the lower Collection Pond to the Evaporation Pond. The leachate-collection and 
recirculation system installed by Mr. Wilkins was granted a 3-year State No-Discharge Certificate 

(No. IW-ND-407) on Becember 23, 1974. Mr. Wilkins never implemented the State-approved plan 
for burial (Reference 2, Volume 2, page 7). 

Mr. Wilkins sold the site to U.S. Titanium Corporation in March 1976. U.S. Titanium failed to 
operate and maintain the leachate-collection and recirculation system installed by Mr. Wilkins. This 
failure resulted in the first of SIX major fish kills, in 1977 (Reference 1, pages 1 and 2). The failure 

of U.S. Titanium to maintain this •nCHiischarge" system led SWCB to take enforcement actions 

5 
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against the facility, as described above. In summary, the State ordered U.S. Titanium to develop a 
disposal plan for the copperas. Actual burial of the copperas (as defined in the plan) began on 
October 2, 1980, and was completed by December 12, 1980. Final grading, channel improvements, 

and seeding and mulching were completed by January 16, 1981. (Ibis disposal area is now referred 
to as Area 1) (Reference 2, Volume 2, page 8). 

Concurrent with the copperas burial, EPA began preliminary investigations of the site. These 

ultimately resulted in the placement of the site on the NPL in December 1982. 

SITE CHARACTERIZATION 

The site is located in the Piedmont physiographic province, about S miles east of the Virginia Blue 
Ridge Mountains. The elevation ranges from 618 feet in the Piney River near the drainage area 
(Area 7) to 726 feet on top of the copperas burial pit in Area 1. The bedrock under the site is 
igneous and metamorphic. Two distinct sets of nearly vertical fractures are present in the bedrock 
and have approximately northwest-southeast and northeast-southwest orientations (Reference 2, 
Volume 2, pages 42 through 46; Reference 1, page 12). 

Cbaracterimtion of Contamination 

NUS Corporation, under contract with EPA, prepared a Site Inspection Report of the U.S. Titanium 
site, dated July 27, 1983. NUS used available sampling and monitoring data as the basis for its 
conclusions. An initial Toxicological Impact Assessment (January 1983) of the site was based on data 
collected by EPA Region m (Central Regional Lab) on August 4, 1982, and data collected by SWCB 
on January 7, 1982. The conclusions reached in the early assessment were later confirmed by 

additional sampling and analysis performed by Ecology and Environment (m November 1982) Both 

of these investigations indicated the following: (1) high concentrations of toxic metals in leachate 
(arsenic, cadmium, chromium, lead, and nickel); (2) high sulfate and low pH in surface waters 
originating from the site; (3) contamination of ground water with metals, sulfate, and high acidity; 
and (4) probable (but undetermined) impacts on the nearby Piney River (Reference 3, page l; 
Reference 4, pages 1-l"through 1-2). 

EPA and the State considered these Site Inspections and other data (e.g., the Supplemental Remedial 
Investigation) when compiling the October 1989 ROD. In the ROD, they concluded that problems 
from the site were associated with acidified soils throughout the site and the buried copperas, both 

resulting from the titanium dioxide operation; no conclusions were made about damages from the 
phosphate operation. Leaching of these areas caused high levels of iron and acidity and metal 

6 
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contamination (aluminum, cadmium, chromium, copper, nickel, and zinc) in ground and surface 
waters. These reported levels of contamination in both media violated surface-water criteria (see 
Table 2) (Reference 1, page 13). Table 3 provides a description of the acid-related problems at the 

site. 

Two soil groups exist at the site, one associated with the more upland areas, and the other 
characteristic of the floodplain. In the upland areas, the site is underlain by a soil of residuum 

(saprolite) derived from the weathering of the underlying parent bedrock material. It is composed 
primarily of clay and silty clay of the Cullen Association. The soils of the floodplain are 

heterogeneous alluvial deposits of gravel, sand, silt, and clay. The approximate boundary between 
the saprolite and alluvial soils lies along the base of the hill where Areas 1, 2, and 3 are located 
(Reference 1, page 12; Reference 2, Volume 2, page 34). 

Soil surveys conducted as part of the 1983 Site Inspection indicated that, "in most cases soil metals 
were elevated but generally unremarkable." The highest metal concentrations found at the site 

occurred in samples collected from the copperas pile, which revealed very high levels of iron -
nearly SO percent by weight, or 496,000 milligrams per kilogram (mg/kg) (Reference 3, page 3). 

Metals that warrant toxicological concern were not detected in soil samples at unusually high levels. 
Lead, for example, was detected in one sample at a concentration of 190 mg/kg. The Site 

Investigation stated that lead occurs in all soils with a mean total concentration of 15 mg/kg and a 
range of from 2 to 200 mg/kg. Similarly, levels of arsenic, chromium, and other metals were found 

in some soil samples at the high end of the range normally found in uncontaminated soils (Reference 

3, page 3). 

Soil acidity at the site is a problem, however. Soil samples taken from the Copperas Pile and a soil 

sample taken from the eroded face of the treatment lagoon demonstrated very acidic solutions, 
ranging in pH from 2.6 to 3.6, when diluted with distilled water. Leaching or percolation of runoff 

into these soils, which are rich in ferrous salts (iron content ranged from 320,000 to 496,000 mg/kg), 

results in unusually hi~ acidity, as is evidenced by the low pH of several surface- and ground-water 
samples from the site. High acidity, in tum, results in dramatic increases in the solubilities of most 

metals in water. This increased leaching potential also is reflected in several of the aqueous samples 
examined (Reference 3, page 3). The data presented in the ROD further demonstrated that leaching 

and runoff from the site affects ground- and surface-water quality in the area, as levels of pH and 
certain metals in both media were in violation of established water-quality criteria (see Table 2). 
Table 3, provides additional information on the acidity problems of the site (Reference l, page 14). 
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TABLE 2. MEAN CONTAMINANf CONCENTRATIONS IN SURFACE-WATER 
DISCHARGE AND GROUND WATER AT THE U.S. TITANIUM SITE 

UNITS (in milligrams per liter (mg/I)] 

Surface-water 
Contaminants ~e' 

Aluminum 200 

Arsenic' <0.01 

Cadmium 0.013 

Chromium 0.355 

Copper 1.355 

Nickel 0.692 

Zinc 1.56 

Iron 267 

pH 2.4 

Acidity 1,446 

'Report by J. Novak, Virginia Tech; 1984. 
2Morris, Ph.D. Thesis, Virginia Tech; 1984. 
3Virginia Water Control Board. 
•EPA Ambient Water Quality Criteria; 1988. 
'NUS; 1983. 
6Cr(Vl) (total recovery). 

Source: Reference 1, page 14 

Ground Water2 

200 

0.028 

0.047 

0.084 

0.45 

2.67 

19.27 

698 

3.1 

2,090 

8 

Surface-water 
Criteria' 

0.087" 

0.190 

0.0003 

.0116 

0.0025 

0.023 

0.047 

1.0 

6 to 9 

-
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TABLE 3. ACID-RELATED PROBLEMS AT TIIE U.S. TITANIUM SITE 

NPL Area of 
Concern Acid-Related Problems 

Area 1 The cap system on the burial pit has not functioned properly, allowing water to 
infiltrate the unit. The resultant acidic and high-iron leachate has acidified soils 
under the pit and contaminated ground water. This area causes about 65 
percent of the total acidic discharge at the site. Ground-water samples 
downgrad1ent of the pit have had a pH as low as 3.66 and concentrations of iron 
up to 2,190 mgn. 

Area 2 The soil under the former Copperas Stockpile is acidified, and ground-water 
seepages at the base of the slope have shown a pH as low as 2.66 and a total 
dissolved iron concentration of up to 17, 720 mgn. Total acid contribution from 
the area is 11 percent. 

Area 3 The soil under the former Evaporation Pond is acidified down to the water 
table. The pH of ground water in the area is 3.32, with dissolved iron 
measured at 4,360 mg/I. This area contributes about 7 percent of the total 
acidity. 

Area 4 The unreacted Ore-waste pile contains residual acidity from processmg. The 
soil beneath th1S area also is acidified (levels were not given). The area 
contributes about 4 percent of the total acidity. 

Area 5 The two Sedimentation Ponds in this area contain residual acidity from 
processing. Storm-water runoff from this area has caused a lowering of pH in 
the Piney River. Ground water flowing through this area also becomes 
acidified. pH readings from wells in the area have been as low as 3.42, with 
total dissolved iron concentrations of up 1,840 mgn. This area contributes 
about 12 percent of the site's total acidity. 

Area6 This area has no detectable acidity or copperas problems. 

Area 7 The soil under this Drainage Area has become acidified. A well downgradient 
of the area showed a pH as low as 3.09 and total dissolved iron of up to 570 
mgn. The area contributes about l percent of the site's total acidity. 

Source: Reference 1, pages 12 and 13 

,---------------------------------------------------------------------------------------------------
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Ground Water 

The hydrogeology at the site is typical of the Piedmont of Virginia. Ground water primarily occurs 

in the porous, unconsolidated material of the saprolite and. to a much lesser extent. in the fractures 
that run through the igneous and metamorphic bedrock. These two units are hydraulically connected 

over large distances, although local heterogeneities such as changes in clay content of the saprolite 
across a bedrock contact may produce local, partially confined conditions in the bedrock (Reference 

2, Volume 2, page 49). 

The depth to ground water is about 44 feet on the south side of Area 1. Downhill from Area 1, the 
water table becomes shallower, intersecting ground surface in the streambeds and springs along the 

base of the hill (Reference 1. page 12). Ground water eventually discharges into the Piney River 
either directly or via tributaries along the base of the hill containing Areas l, 2, and 3. Observations 

during dry periods when the water table is low showed that ground water stopped discharging into the 

tributary along the southern base of Areas 1 and 3. During the same dry periods. the stream along 
the base of Area 2 continued to receive ground-water discharge, albeit at a much lower rate 

(Reference 2, Volume 2, page 59). Ground-water flow within the site originates in the upland area 

where Areas 1 and 3 are located and flows in a radial pattern downhill toward the streams 
surrounding the base of the hill and to the Piney River (Reference 1, page 12). 

Analyses of samples from onsite monitoring wells revealed significantly reduced and variable pH 

values which ranged between slightly over 6 (in the deeper wells) to 2.S (in the shallow and most 
contaminated well). Wells downgradient of the former Copperas Pile Storage Area (Well 7) and 

Burial Pit and Settling Pond (Wells 1, 2, and 6) revealed the following: 

• Very high concentrations of certain metals [iron up to S,510,000 micrograms per liter (µg/l), 
nickel up to 6,300 p.g/l, manganese up to 1,000,000 p.g/l, zinc up to 12,000 p.g/l] 

• Concentrations of other toxic metals (arsenic, chromium, lead. selenium, and thallium) several 
times greater than National Interim Primary Maximum Contaminant Levels or Ambient Water 
Quality Criteria 

• Enormous amouhts of sulfate {up to 18,092,000 p.g/l or 1.8 percent in Well 7) (Reference 3, 
page 7). 

Tabular results of the ground-water monitoring and analysis are presented in Table 4. The locations 
of sampling sites are given in Figure 2. 



TABLE 4. GROUND-WATER MONlTORING DATA FOR THE U.S. TITANIUM SITE' 

UST-WS 
Sample (Dr. Smith) (Mrs. llilhlsh) or 

Parameter lla1e' UST-RI UST-R2 Well KS 

pH 117/82 ........ .. ....... 60 
8/4/82 ........ .. ...... 6 35 

(6 2) 

Sulfates2 1/7/82 ........ ---- 12 8 
(mg/I SO,) 8/4/82 .......... < 5 < 5 

As (pg/I) 1/7/82 I 
8/4/82 < 5 < 5 < 5 

Cd (pg/I) 117/82 .......... -- 4 
8/4/82 < 10 < 10 < 10 

Cr (pg/I) 1/7/82 ---- ---- 20 
8/4/82 < 10 < 10' < 10 

Cu (Jig/I) 1/7/82 ........ -- < 10 
8/4/82 ........ 65 < 10 

Fe (Jig/I) 117/82 ........ ........ 15 

Pb (pg/I) 1/7/82 --- -- 2 
8/4/82 < 5 < 5 < 5 

Mn (Jig/I) 117/82 ......... ........ .13 

Ni (Jig/I) 117/82 --- ---- 10 
8/4/82 < 20 < 20 < 20 

Zn (pg/I) 1/7/82 ---- --- 730 
8/4/82 760 130 50 

1Data from aample1 collec1ed after well 1y1tcm1 were purged 
2Note that lhc conccntn.11ont of aulfale1 1 nun, and manganese ere m mg/I 
'vt1uea 1hown for January 7, 1982 were aample1 collected and analyzed by V1rg1ma SWCB 

Source Reference 4, page 101288 

UST-W8 UST-W2 UST-W6 UST-W7 
or or or or 

Well K8 Well Kl Well K2 Well K6 Well #7 

60 
6 05 

2,223 
< 25 

3 
< 5 

2 
60 

200 
< 10 

20 
20 

2.7 

2 
110 

32 

70 
< 20 

2,IOO 
12,000 

3.6 47 46 2 5 
.. ........ 4 45 3 4° 2 8 

(4 3) (3 7) (2 6) 

15,000 6,626 2,279 18,092 
.. ...... > 2,500 > 2,500 > 2,500 

200 31 I 10 
---- 39 ppb 37 52 

160 80 191 ----
---- 190 120 65 

320 200 11701 530 
......... 35 ppb 75 280 

100 370 12001 1,500 
---- 150 3,100 600 

3000 3.7 1111 --
5,570 

........ 2 1781 200 
200 120 150 100 

1000 467 1191 119 

---- 4,600 13901 2,800 
---- 6,300 3,800 2,300 

........ 1,700 11,4001 5,900 
---- 3,800 3,800 4,900 

• Re1ult1 of pH paper, cahbrahon or pll mcler IUlp«t 
II Rcsulla of aamplu eollecled before purging, no aample colleclcd oner purging 

() Value• determined 1n laboratory 17 day1 beyond allowable holding time 
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Data summarized in the ROD supported the above findings by also showing a low mean pH (3.1) in 
ground-water samples and elevated concentrations of certain metals. The data from the ROD were 
presented in this report as Table 2 (Reference 1, page 14). 

The two closest, private drinking-water wells also were sampled for the Site Investigation. However, 

both wells are hydraulically upgradient of the U.S. Titanium site, and the parameters tested (mostly 
inorganic) were present at low levels or were not detected. Other wells also are hydrologically 
isolated from the U.S. Titanium site; therefore, the investigation concluded that no drinking-water 
wells appear to be in any imminent danger of contamination (Reference 3, page 7). 

Surface Water 

The U.S. Titanium site lies within the Piney River Dramage Basm, which is part of the larger James 
River Drainage Basin. The Piney River flows m an easterly direction, forming the southern boundary 
of the site. Areas 1, 2, 3, and 4 lie on the upland area, while Areas 5, 6, and 7 lie within the 

floodplain of the Piney River. 

Surface water runs off the site primarily via a drainage channel along the bottom of Area 2 and a 
small stream that originates along the western side of Area 1. These two channels merge south of 
Area 2 and discharge into the Piney River through a culvert at the downstream end of the property. 
A third stream originates to the west of the Sedimentation Ponds in Area 5, flows through the 
Sedimentation Ponds, and discharges into the Piney River through a breach in the dike at the 
southeastern end of the Sedimentation Pond (Reference 2, Volume 2, page 61). 

As discussed previously, runoff from the site resulted in six fish kills from 1971 to 1981. In June 
1982, remedial measures were taken to improve conditions at the former Copperas Storage Area 
(Area 2) and the final Disposal Area (Area l). The available documentation for the site states that no 
fish kills have occurred since these improvements. 

Sampling and analysis conducted for the Site Investigation prior to the June remediation demonstrated 
the effects of the site on Piney River water quality. The results of these analyses are presented in 

Table 5. Figure 2 provides a map of sampling locations. A comparison of upstream and downstream 
locations shows an increase in metal concentrations at the downstream location (iron increases from 
10 µg/l upstream to 510 µg/l downstream; manganese increases from 10 to 130 µg/l; chromium 
increases from 10 to 40 µgll; sulfates increase from 1,900 to 13,800 µg/l; and pH falls from 6.7 to 

5.1) (Reference 3, page 5; Reference 4, pages 101287 and 101295). 

13-
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TABLE 5. SURFACE-WATER MONITORING DATA FOR THE U.S. TITANIUM SITE 

Stnllons 

Parameter . I 5 6 7 9 10 18 19 

pH 67 3.0 30 30 30 29 5 I 66 

Alk./Acld 12/5 Acid/745 Acid/700 Acid/1,270 Acid/1,445 Acid/1,755 4/22 Alk/33 
(mg/I calcium 
carbona1e) 

Sulfate (mg/I) 19 1,658 5 1,459.4 1,813.6 2,240 s 2,7001 13 8 21 4 

As (mg/I) 0 001 - - 0.073 0 01 - 0.15 0.1 - 00- 0 001 -

CJ (mg/I) 0 001 - ---- 0.004 0 003 0004 0 008 0 0()1 - 0 001 -

Cr (mg/I) 0 01 - - 0 II 0 14 0 08 0 09 0 04 0 OI -

Cu (mg/I) 0 01 - --- 0.15 0 19 0 08 0.11 0 01 - 0 01 -

Fe (mg/I) 0 01 - 100 230 320 410 0 SI 33 

Pb (mg/I) 0 002 - -- 0002 0 I 0 I 0.1 0 002 - 0.002 -

Nt (mg/I) -- - --- ---- .......... ....... --- ---
Mn (mg/I) 001 -- 67 12 45 570 0 13 0 76 

Zn (mg/I) 0 01 - ---- 0.11 0.97 I I I 4 0 01 - 0 02 

Source. Reference 4, page !01287 

UST-LI UST-U 

--- 29 

-- -

---- -
0 51 0042 

0 91 0 024 

27 0 085 

39 0 110 

---- --
0 97 0 070 

IS.S 92 

--- -
61 0 I S9 
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Surface-water samples taken in November 1982 suggest that a potentially serious leaching problem 

may still exist, despite the remedial measures taken in June 1982. A surface-runoff sample, taken 
from a culvert as it enters Piney River, revealed high levels of iron (424,000 µg/l), manganese 

(115,000 µg/l), zinc (2,270 µg/l), chromium (SS µg/l), nickel (1,278 µg/I), copper (170 µg/I), and 
silver (24 µg/l). Another surface-water sample taken downstream of the site in November (the 
location was not given) also demonstrated that the metals and related contaminants are adversely 
affecting Piney River water quality through runoff or infiltration. The downstream sample showed 

substantial increases in iron (from less than SO µg/l in the upstream sample to 5,960 µg/I) and 
manganese (from less than 10 to 390 µg/I). The pH decreased from 6.6 to S.S. Sulfate was not 

measured (Reference 4, pages 4-1 and 4-2). 

A sampling episode documented in the Supplemental Remedial Investigation also supports the 
assertion that runoff from the site may still pose a threat to Piney River water quality. The pH 

measurements before and after a "light" (intensity not measured) rain showed a drop in pH from 6.6S 
to 4.93 as a result of rain-induced site runoff (Reference 2, Volume 2, page 1S3). 

The ROD also documented the contamination potential of the site, presenting data showing that the 

acidic nature of the site has led to metal leaching. Data compiled by the State for the ROD showed 
that concentrations of metals in surface water at the site exceed surface-water criteria (see Table 2). 

The downstream extent of contamination was not well documented in the ROD, although the results 
of SWCB sampling (the most recent sampling was in the fall of 1988) demonstrated that the aquatic 

invertebrate community in the Piney River bas not completely recovered, even at a distance of 3.S 
miles downstream (Reference l, page 15). 

Fate and Tramport 

Copperas is the primary source of acidity, dissolved iron, and sulfate in discharges from the site. 

Copperas is not acidic, but subsequent to dissolution, it produces acidity as the result of a sequence of 
reactions (that include oxidation of the ferrous iron to ferric iron and the hydrolysis of the ferric iron 

to ferric oxyhydroxides). The net effect of these reactions is that for every mole of copperas 

dissolved, 2 moles of e_xcess hydrogen ion are produced, resulting in acidic leachate (Reference 2, 
Volume 2, page 159). The highly soluble nature of copperas [15.65 grams per liter (gm/I) in cold 

water) inhibits its reprecipitation once it is dissolved by percolating water. After the copperas 

leachate is formed in the Burial Pit (Area 1), the dissolved iron, sulfate, and acidity are transported 

along two possible pathways. The first pathway is from the Burial Pit down to the water table and 
hence with the ground water to points of discharge The second pathway is via surface-water runoff 

from the Burial Pit and subsequently to the Piney River. In either case, the pathway taken by any 
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panicular dissolved ion from the Burial Pit may involve both intermittent surface- and ground-water 
transport (Reference 2, Volume 2, page 168). 

In the past, runoff from the U.S. Titanium site (following an unusually heavy precipitation event) 

resulted in fish kills in the Piney River that were attributed to a substantial influx of ferrous sulfate 

and a reduction in pH. During periods of low precipitation, water enters streams primarily as 

subsurface infiltration through granular or porous material. Low pH was noted in a downstream 
sample during a time when no leacbates were observed discharging into Piney River, possibly 
reflecting the substantial contribution of affected ground waters to the River (Reference 3, page 8). 

ENVIRONMENTAL DAMAGE'S AND RISKS 

Initial interest in the site was prompted by the 1979 fish kill, although two previous and significant 
fish kills also occurred (Reference l, page 8). Table 6 is a summary of significant documented fish 
kills. 

TABLE 6. FISH KILLS IN PINEY RIVER 

Date Number or Fash Killed 

July 19TI 73,056 

August 19TI 8,940 

August 1979 26,136 

July 1980 53,980 

May 1981 20,482 

June 1981 46,243 

Total 228,837 

This initial interest led to a number of enforcement and legal actions, as documented earlier in this 

report. Ultimately, the site was placed on the NPL in September 1983. 

16" 
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The area surrounding the site is populated by approximately 200 people, most of whom live within a 

1-mile radius of the site. The closest residence is approximately 2,000 feet to the west of the site 
along State Route 151, across from the former plant building site. The community uses ground water 

for its potable water supply. However, the residential wells are hydrologically isolated from the 

contaminated ground water found on the site. Residential wells to the north and west are upgradient 

(ground-water flow is south-southeast), while wells south of the Piney River and east of the site are 

hydraulically isolated by the ground-water discharge boundaries associated with the Piney River, and 

the unnamed tributary on the eastern side of the boundary. No residential wells exist between the site 

and the Piney River (Reference 2, Volume 2, page 31). 

Surface-water drainage from the site flows south to the Piney River, which, in turn, flows 

southeastward to the Tye River, and subsequently to the James River. The Piney River is not used 
for a municipal water supply, but is used for recreation and fishing upstream of the site. The closest 

diversion for drinking water is approximately 40 miles downstream on the James River, and is not 
subject to adverse impacts from the site (Reference 2, Volume 2, page 32). 

The results of the 1983 Site Investigation tend to support those of the Supplemental Remedial 

Investigation, as it also concluded that, • [t]hreats of a direct nature to human health appear to be 

minimal" (Reference 3, page 1). 

The greatest impact of the site is the past and potential contamination of surface water. The elevated 

levels of metals and acidity in the Piney River water resulting from the site can have toxic effects on 

aquatic life. For example, the Site Investigation cited a study documenting the effects of low pH on 

Fathead Minnows: a pH value of 6.6 was marginal for vital life functions, while a lower pH reduced 

egg production and hatchability. At pH levels below 5.2, the fish exhibited abnormal behavior and 

deformities. Reported pH levels on the Piney River downstream of the site averaged S. l (Reference 

3, page 8). Also, the oxidation of large amounts of ferrous ions in water can deplete dissolved

oxygen supplies. The oxidation process causes the precipitation of ferric hydroxide, which can settle 

out of suspension and produce a choking sediment layer on the River's bottom. These two 

phenomena (oxygen depletion and sedimentation) can also have deleterious affects on the River 

ecology (Reference 3, pages 8 and 9). 

The precipitation of ferric hydroxide has been a problem in the Piney River, as summarized in the 

ROD: "[t]hese [ferric hydroxide] sediments are still present today and have disrupted the benthic 

community in the river. This in tum has resulted m a decrease in the number and diversity of the 

fish population in the river adjacent to and downstream of the site. Low pH discharges can be toxic 

to aquatic organisms. Based on sampling as late as fall 1988, the SWCB has concluded that the 

17 
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aquatic invertebrate community has not completely recovered in the Piney River even at a distance of 
3.5 miles downstream" (Reference l, page 15). 

REMEDIAL ACTIONS AND cosrs 

American Cyanamid began preliminary efforts to address water-quality problems from the site (in 

1947) by installing a sedimentation pond to remove settleable solids from the wastewater. Subsequent 
activities, completed by 1961, included neutralization of all wastewater to a pH of 5; installation of 
flow and pH monitoring equipment on the effluent stream; and continuous operation of a sulfuric acid 
recovery plant. American Cyanamid's efforts focused on wastewater discharges. The site's 
subsequent owner, Vance Wilkins, began addressing the acidic-leachate problem associated with the 
Copperas Stockpile by installing a temporary copperas leachate-collection and recirculation system 
(permitted by the State on December 23, 1974). U.S. Titanium purchased the site from Mr. Wilkins 
in March 1976. In September 1977, SWCB ordered U.S. Titanium to submit a plan for the disposal 
of the copperas waste. After several delays and subsequent judicial proceedings, U.S. Titanium 
completed burial of the copperas on December 12, 1980. Final grading, channel improvements, and 
seeding and mulching were completed by January 16, 1981. Reclamation work and runoff control on 
the former Copperas Stockpile area was contracted on May 27, 1982. The recent status of this 
reclamation work was not provided in the available information (Reference 2, Volume 2, pages S 

through 9). 

A 1979 fish kill spurred regulatory interest in the site. A number of ensuing enforcement and 

regulatory activities resulted in the placement of the site on the NPL in September 1983. A ROD 
describing the final EPA remedy at the site was completed and signed by the EPA Regional 
Admmistrator and the Commonwealth of Virginia in November 1989. The primary goal of the 
remedial action was to control risks posed by acidic discharge to ground water and the Piney River by 
eliminating the sources of acidic discharge from the six areas of the site found to be major sources of 
contamination. The final EPA remedy, as conveyed in the ROD, and the available cost data are 
described in Table 7 (Reference 1, pages 16, 17, 30, and 31). 

CURRENT Sf ATVS 

The ROD was signed in November 1989. According to EPA Region ill, the Potentially Responsible 
Party, EPA, and the Commonwealth of Virginia completed the negotiation of a Consent Decree for 
implementation of the remedial design and remedial action in September 1990. The Consent Decree 

was lodged in Federal Court on December 4, 1990, and entered on February 18, 1991. The Consent 

IS-
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Decree does not become effective, however, until the State dismisses a Nuisance Action it currently 

has pending against American Cyanamid. This disnussal is expected in the near future. 

TABLE 7. SELECTED EPA REMEDIAL ACTIONS FOR TIIE U.S. TITANIUM SITE 

Treatment Component Approximate Cost 

Ground Water 
Collection: Passive Collection System1 $173,000 
Treatment: Passive Treatment System2 $431,000 

Area 1 - Dissolution and Treatment' $3,962,000 

Area 2 - Surface Repair of Unvegetated Areas $147,000 

Area 3 - Improve Surface Drainage $106,000 

Area 4 - Drainage Control and Revegetation $202,000 

Area S - Drainage Control and Revegetation $874,000 

Area 6 - No Action 0 

Area 7 - Above-grade Dry Neutralization (in combination with wetland) 0 

Total $5,895,000 

'Ground water would be intercepted by a series of subsurface drains and/or trenches installed below 
the water table along the base of the bill containing Areas 1, 2, 3, and 4 Gravity flow would feed 
the collected water to the ground-water treatment system. 

2The treatment system would include an oxidation/settling pond, a constructed wetland, and a 
limestone neutralization bed. All residual wastes would undergo Extraction Procedure (EP) Toxicity 
testing to determine their waste classification before disposal. Waste determined to be hazardous (as 
per Resource Conservation and Recovery Act Subtitle C) would be managed accordingly. 

3According to EPA Region m, the major steps included in the ROD for this procedure are: 
(l) dissolution of copperas inside the burial pit; (2) recovery of resulting leachate from the pit; 
(3) complete treatment of the leachate using physical and chemical processes; and (4) sludge disposal. 
An explanation of significant differences (dated September 26, 1990), allows for an alternate method 
of dissolution to be considered during design. Steps 1 and 2 above may be substituted with: 
(1) excavation of the s6il and copperas mixture from the burial pit; and (2) dissolution of the copperas 
from the soil. 
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srTE NAME AND LOCAJ10N 

The u. s. Titanium Site is kx:aled • the southem bolder of Nelson County along the north bank 
of the Piney RN8I' and east at Virginia ROUl8151, abQ&a 40 m1181southofChartattesvtlle,1n west central 
v 1rg1nia. The center ol tne Site IS loCal8d ~ a longitude 79" 01' 00" Wesl and latitude 37° 
42· 30" North. The sate li8I just 8811 ol the rural community of Pln&V Rtvs, Virginia. Figura 1 shows 
the general IOcatiol1 ol the sate on the USGS Pln&V Rlvs 7.5' quadrangle topographic map. 

The u. s. Titanium site 1181 on 175 8Ct8I ol a former titanium dlaxide manutactunng plant. 
Supettund remedial eftOl1S are m icemed Wdh app1Clldl1~ 50 acree cl the site. This acreage 
contains seven sepann and dlsdnct araas which w.. ldendfted • possible sources ol contamination 
and are desalbld below. A Slt8 map ii shown in Flgw9 2. 

I 
&BJ, is a clay lined, day capped burial pit Whlr9 cappela (flrrClua sullala) from Area 2 was. 
landftll8d In 1980. It encomJ:!•IH ~two 8Cr8I and COlllSll• about 16,000 CUblC 
yardl al copper-. 

&11..2 Is tlW fomw CIOPPll• srockplle .,.. locared on the slope em al Area 3. It covers 
" approxirnal8ly" atgtl w Coppel9 ftom nwuacturtng op91111oi • waa deposited here from 

1948 to 1971. ,,,. cappera ... tlurtld In Area 1 In 1980. 

;1 &!l.,J contaiied tlW evapoiadan pond opeilled bltweM 1974 and 1980 and is located 
v belWeen Area 1 and Alu 2. Thll pond, which COV9l'9d aboLa two .::ram, was pan of a system 

to prwer'lt dilcl'llrv- to 1l'Mt ~ RNw operDd war a No-Dlschatge 'Cenlftcale issued by 
1l'Mt Virginia w- COt80I 8o8CI (VWC8). Surface - run4 and some groundwater 
dischargll - col9cfad In • cantall.,,.. pond and punped up to the evaporadon pond. 

&BJ is an una::tlld en.- pie kal9d Dih ol ~ 2. ll covn abOul one acre and 
COlllilla al ciUn4a fram r..::lar Ya UMd In 1tw tllanum dlCldd9 proc Ill and dredged 
maartml tram .,. Mdlnmflllorl pondl In ~ &. 

&II.I eo1all• two ...,_11111an ponCll ~ llat'O 1tw Pn, ~ used to remove 
saaMtl'I 8Clllda flan pllrl- prior to dllctmg1 to the "'-· n. pondl cover an area 
al ~..., a. and conllln., ......, ~-~ composad of 
w.....a en. ftlll' CIU. and gypun. TI* w .. w11tm 1tw 1QO.y• fta0dl*li'I of the P1nf!ff 
RNer. • 

&II.I cedlll • a llllllng pond uud to reca"9r phOlptW °" a by-praduct from tltaruum 
dioxide producllon. It =-- lbcKa one 111n and la locll8d nantl al Area S. 

&11.Z ls 1tw dralnllge .. rec1Mng moll ol thl --. ... MMJI fram tlW sire and the 
flow tram trbartl& Thll .. la~ In dW ....,_cans d 1tw ... and covers abOut 
one acra n. ... ii. wit*' 1tw 1~ ftcodptlln d 1tw Ptrw, Ate. 
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sm; HISTORY AND ENFORCEMENT AC'TMTlES 

In 1931, the Virginia Chemleal Corporation began producing titanium dlOJade from Ilmenite ore 
using the sulfate process at the Sita. The ore was Obtall1ed trom mining operarions directly south ot 
the Piney River. In the sulfate process, the dmenna ore 11 trea!ed With sulfunc acid to dissolve the 
titanium d10Xlde product. Waste streams from tt1is process include aad contaminated unreacted ore. 
spent sulfunc acid. and solid tencus sulfare. called •copparas. • 

In July 1944, Amencan Cyanamid Corpor8liort purchased the Vlrgmia Chemical Corporation and 
operated tna plant untd It cloSed m June 1971. Following tne plarl closur8. tne site passed through 
vanous ownersrups including the U.S. T1tanlum CorporlbOn from which the Sile recetVed its name. 

Six l'nafOI' fish kills OCCUIT8d in the Piney RN.- b8Cw88n 1977 and 1981, as documented by the 
vwce. wnteh were aanbuted to contanunmlon from the site: 

DATE 

July 1977 
August 1977 
August 1979 
July 1980 
May 1981 
June 1981 
TOTAL 

NUMBER OF FISH ICl.1.ED 

73.056 
8,M>_ 

26.138 
53,980 
20.482 
4429 

228,837 

The 1979 fish 1a1 prampcld the ~B to f8qUllt Che Circuit Ccurt at Netson County to order 
u. S. Tltamum to bury the coppel'88 by December 31, 1980. In l'8lpOllM to the coun order .. u s 
Trtaruum Corporation conracred New EtUrp1se COf1llrUCtiOn Co. to Olspaae at the copperas waste 
The copperal WW from the llCnge pile (Area 2) wa cClllct8d and 1hen burted in Area 1. 

Under co; .... wllh EPA. ECDIDSW and Envtra merc llD1llllld a Preliminary Assessment repon 
of the sata on AuQ&'9l a. 1980. 'Thi tutll at Copp91• In A1911 wa complad on December 12. 1980. 
A report d a ICrW'liig Sia llmpecllcin conducCld by EPA an Augus M. 1982. wa1 released on 
November 19. 1982. In o.c.m. 1982, the U. S. lbr*-n ... w prapoMd far anclUSIOn on the 
National Prtorly Ult ~ tD Secllml 105(8) at CEACLA 11w lb wa find/ liSt8d on tl'le NPL 1n 
Septemblr, 1983. 

On Flbrumy 1 n 2. 1983, NUS Corporadoli_. undlr cantrw::t with EPA. conducted a site 
1nspec:tion • pM d a Flllnldlll Acllal'\ Mall.- Plan which wa 1'111 •Id in August. 1983. GCA 
Corpoladal .. undlr COi ii .. wllh EPA allo conduCl9d • FOCUlld Fa I Jibilly SUldy on the nature and 
extd ot 1hl acldlC dllcNrgle from 1hl Sita and IMIUad......,... 1•1_.. actianS. The repon was 
released by EPA on Oc::laber' 8, 1981. 

Following a civl acdon lllllld by 1hl Commanwnllllt at Virginia against Amlncan Cyanamid 
Company and actwa in 81819 Ccut. baMcl an a nuiUnce acdon far fish killl and enwonmental 
degradalion r8IUltlng tram the * a llabillly Judg8m8ra wa render9d agalr1lt Amencan Cyanamid on 
November 7, 1985. 

On April 30, 1988, the Allorn8V General for the Commonweallh at Virginia and Amencan 
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Cyanamid company signed a Stipulation and Order establishtng a schedule ror complenon, by 
Amencan Cyanamid Company, ot a tempormy source control acuon ror the copperas bunal prt, a 
Supplemental Remedial lnvestlg8bOl'1 (SRO, and a Fea&lblllty Stud'f (FS) for the site. The SRI and FS 
were conducted by Hydrosystems under C011b aa w1lh Cyananud Company and submitted in November 
1 988 and Apnl 1989 respec:tJvely. The SRI charactanzed the nalUr8 and extent of contanunabOn at the 
srte. The FS descnbed vanous cleanup ted'1iiologles and how remedial altemauves were developed, 
screened. and evaluated based on these tect.i110log18S. 
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H!GHLJGHTS OF COMMUNrTY PAR'TlCIPAllQN 

While the U.S. Tltar11um Sile is located in a pradomtnandy rural area. there has been 
considerable interest among r8Sldents since Ina late 1970's, when fish kills began to occur. The local 
Blue Ridge Chapt• ol the Sierra Club was formed in response to Site events. In addltlOn. the local 
media have followed the Sile actMblS conslSt8ntly. 

The posl-Rl/FS c:ommumty par1lctpalion acctvitles began in ApnJ. 1989, when a fact sheet 
descnbing the Rll118dlai lnvesbgabOn/FeasibdllY Study was malled to a bSt ol residents. offlc1als. and 
media. In addltlOn.informal meetings were held With local oftlcaall and Sierra Club represemarives on 
May 1 a The Communtty Relations Plan (CRP) was r8YIS8d • thlS time, and a repositones for the 
Adm1nastrattve Record File and other ll'lformation was llltabliShed • the Nelson Coumy Memonal Library 
and tne Counly Admu usamb'1 oftlce. The Proposed Plan was fonnally released to the public on July 
31. A notice announcing the avaalabdlly ol the Proposed Plan. the public comment penod, and the 
Adnurusuative Record File was published m the Cbar1astasy!!Ja Qallv Prpgress on July 31. The Vtrg1n1a 
Oepanmenl c:A w ... Managamerl (VDWM) also cosponsored an informal wor1cshop for Sierra Club 
mamber9 and other interealed CltiZens on July 31, to axplaii the Suparfund ixocess. resources available 
to the public, and OUdlne the Proposed Plan. 

The public c:ommert period extal ldad from Jutv 31 through September 29, after a 30-b, 
extension wa grned • the request ol American Cyanamd. A public meatlng was held on Au~ 
9, whar8 VDWM and EPA reprasaltlll..es ravi8wed the Propoaad Plan and Supertund public 
paniC1pat1on opponunidaa In datall. The rneating l8ll8CI four n a hal hol.n. and the interest level of 
the communlly was Yflft'/ high. A formal l'llpol 118 to qi l8Stial'W and COIM'lel ltl puc tonn dunng the 
public m8ldl ig and commer1 pertod can be found In Part DI ol thil document. the Responsiveness 
Summary. Communlly partic1padon ac:IMtiel wdl continue thrOugh remedial daslgri and remedial action. 

A dltlllled cxdr19 ol commuruly re&allona 8:llvlllee undlnaken wdl"I the U.S. Titanium site 
commumty can be found In the Respacl8Nena11 Summary (Appendix A). All SIUdiel and documems 
pertaining to thll lb can be found in the AdmnstralMt Record Fi1e1, upon which the dacts1on for 
chOOUlg r8IMdlll ..,..... W8I baled. 
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Based on the fine.tings at the SRI and pr8Yious Site investigations, the following conclUS1ons can 
be made regarding the site, tne types at contamtna!lon, and arrected media. 

The site is located in the Piedmont physiographic promce, about five mdes easr at the V1rg1nia 
Blue Ridge. The elevation ranges from 728 feet on top of the copperas bunal pit 1n Area 1 to 618 feet 
in the Piney River near the drainage area (Area 7). 11'8 bedrock lmdertylng the Site c:onslSIS of igneous 
and metamorphic rocks. Two distinct sata at nearty veniCal fracluras are present 1n the bedrock and 
have approximmely northwest-southeast and northwest-southwest onentations. 

Two soil groups exi8t II the site. In the upland areas, the soil is a residuum (saprolita) denved 
from the weathertng at the underlying parer« bedrock rnabN1aL It Is camposad predominantly of clays 
and silts. Withm the floodptaln, the sod COi ISlllS of heterogeneous alhMal depositS of gravel, sand, silt. 
and clay. In general, the soil depth decraasee from near 60 felt• the top at the slope in Area 3, to 
less than one toot near the Slr88m at tne base of Area 2. 

Groundwalar occurs primanly in the porous. unconlOlldaled granulm' material of the saprotite 
and, to .a much lesser 8Xld. in the fractural thmt run through the dense, hard igneous and 
mewnorphic bedrack. These two undS are hydraulical¥ inl8I ca li'l8Ct8d over larger disrances. The 
depth to water tabla ii abal.a 44 felt on the south side of Area 1. Coming down the valle'f, the water· 
table becomes shallows. lntersacdng ground ufac8 In the lb'88m bedl and springs along the base 
of the hllL Groundwm.- flaw wllhln the site ortginllal In the uplm1d area COl'1blil Iii ig Areas 1 and 3, 
flows m a radlallng paaam down hill toward the .....,.,,. surrounding the base of the hill and to the 
Piney River. 

The Sile lies within the Piney River drainage basin, a part of the larger James River drainage 
basin. Areas s through 7 118 wti1 the ftoodplaln of the Piney River. SUrface water drainage runs off 
the site pnmarily via three drainage channels into the Piney River. 

In Area 1, the copp11• burial pl, the cap system ha not fu11ct1011ed property a1lawing water 
to infiltrate the pl. The rasun.. acidic and high Iron ~ leachate h8ll acidlfted soils underneath 
the pit and contaminated grcu'1dwlar. Acidic saapagee tram the burial pl have killed trees and-other 
vegetation ~ tram Area 1. Thia area accaunll far abclUC 65 pen::erl of the total acidic 
dlSCharge at the Sita. Anatf9il al grcu'1dwlar samplle dawn-gradin ol the burial pl have shown a 
pH as low as 3.68. and CCII iC6i .. ..,. • ol total dlssoMld Iran of up to 2190 f19'I, sulfate ol up to 14,000 
mg/I, and acidlly ol up to 10.050 n1f1I • calcUn carbol-. 

The sol w1dlr the fomw c:opperaa stockpile --. Area 2. is acldifted and groundwater 
seepages • the bae Cl the slope have killed the grw and and fonnaCI ran suJfD deposits The 
aCldic contnbudon from thll aru ii 11 pen::er1. Analysl9 ol samplla tram seepa • the base of Area 
2 have shown a pH • law as 2.88. ..s canc8i mmloi • of total dllloNed ran al up to 17, 720 ~. 
sulfate at up to 45,000 n9'I, and acidity ol up to 41,000 n'9'I as calcium carbonal8. 

The soil under Area 3, the former evaporadon pond, is acidllled up to the ~ tabla. Total 
acidic contribution from this area ii abo&a 7 percer1. The most racer1 analysis of groundwater from 
a weU localed wd1ln Area 3 hal shown a pH ot 3.32. and COl'IC&ilballoi1S ol tacal dis80lvad iron of 4,360 
mg/I, sulfate of 54,000 n9'I, and 8Cldlly of 40,500 mg/I as calclum carbonale. 

Area 4, the unreacted ore waste pile area. contains r89ldual acidity from pnx:essing. The soil 
underneath this area • also aciddied. Four percam at total acidity • the site is anrtbutable to this area 
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ArN 5, which CQUll"ll thl two Mdimentmion pondl. COl'Uinl r9lidull ecldlly from processing. 
Curing stonn ....,..., lfOlion rA sedlmera t7t storm ~ hat rllUlted in a lignbnt lowering_ rA the 
pH in thl PIM'f River. In 9ddlion. ~ flowing thtaugh INI ... II ICidified t7t comer With 
tht waa prior to dilChlrge to ttw Piney River. Arl9 5 a=u1ll for 12 pen:n d the tcxa1 acidity 1t 
thl Sitt. AnllyW d samplll from well locltld an ttw nannu.em edge rA thil na have shown a 
pH a tow• 3.42. and cor1Cii1t1.xn d total dilloMd Iran rA up to 1,840 "91. lulflle of up to 5,400 
mg/I. and .cidlty d up to 3,220 n9I • calciU'n carbol ... 

Al8a e. the MCtllng pond I.Md to l'8CCMr pholphllt Of9 haa no ~ coppttm or acidity 
problem. There II allO no graundwaw c:oraminltion. 

Thi IOI undlr Arl9 7, the ~ .. r8CeMng molt ct 1ne IUl'hlce run-off from the sitt, has 
beCOme acidlled and cormblll lbCK& one perCll1 to total lb acidity. Anllylil d samples from a 
well down-grldlera of Ar9a 7, t\1119 ftMr1apH•tow3.0I, W1CI concee111111oi• ct total dilaolved iron 
d up to 570 "91, IUlm ol up to 2.COO mg/I. n:t aciclly ol up to 1,542 ft91 •calcium c:artonat1. 

Thi acidic nmn ol the • hat Illa led to the llllCtli ig ol octw "** IUCh a aluminum. 
copper, zJnc. c:adnUft Ind nlckll from on lb IOIL The concei11illCM ol !hW l'MUlll .in surface 
war n:t ~ • the • • W9I • thll a! Iran. .-ct u.. wa. criteria (Table 1) •• 
Fig&n 3 1tMM8 the ~ contrlUlan t7t .. to_ acidic coc••.iari • ttw lile. 

Ar•• e • 0'4 

Arll 7 
1ft 

Area 4 • 

Artl 2 Ar11 3 41t 
11'1 7'1 

f'IQ\A 3: ConlrlUlan by Ar9 to Total NJldlJ Conllmi llllion 
• tw u. s. T1tarUn .... 



TABLE 1: MEAN CONCENTRATION IN SURFACE WATER DISCHARGE & 
GROUNDWATER AT THE U. S. TITANIUM SITE 

Unils in mg/1 

s~ 
W81.8f ~ 

Contaminants D!Sd!arg8 ~ 

Al 200. 200. 

As· <0.01 0.028 

Cd 0.013 . 0.047 

Cr 0.335 0.084 

Cu 1.355 0.45 

NI 0.692 2.67 

Zn 1.58 19.27 

Iron 267. 698. 

pH 2.4 3.1 

Acdf 1448 2080 

a. Scuce: Aepan bV J. Novak, Vlrgi1la Teen (18M} 
b. Scuce: Monti, Ph.D.~ Virginia Tech (188') 
c. Scuce: Virginia w.. Conlral so.a 
c1 SowC9: .USEPA AniJin w .. QUllly Crttltta (1988) 
e. Scuce: NUS (1983) 
f. Cr(VI) (tClal recovery) 

surtacec 
Watet 
~ 

o.~ 

0.190 

0.0003 

.011f 

0.0025 

0.023 

0.047 

1.0 

6-9-

14 
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SUMMARY OF Sf!§ RISl<S 

Without remedial action, the sate wiU continue to contarmnaie groundwater and surface water 
1n the Piney Arver sub-basin. Acidified sotls and buned copperas wastes will connnue to leach 
contaminants into the groundwater. The dlSSOlutlon of copperas produces acidity as the result of a 
sequence of reactions that include OXldatlon, of the ferrous iron to femc iron, and hydrolysis of the fernc 
iron to ferric oxyhydrOXJde. The net effect of these reactions IS that for every mole of copperas 
dissolved, two l'T1o!es of excess hydrogen iron CH1 are produced resuttmg in the ac1d1c leachate. 
Groundwater eventually discharges into the Piney R~ either dirac:tly or by w~ of two site tnbutanes 
Surface water run-aft from the sate erodes acidic sediments and discharges them into the nver. 

These discharges can contain high iron conca1bations and have low pH values. The high iron 
concentratlOns have resulted tn the deposlbon of f8mc hydraxlde sediments at the bottom of the nver. 
These sediments are still present today and have disn.ipted the benthic community m the nver. This 
in tum has resulted m a deerease 1n the number and dMKSlty of the fish populabon 1n the nver 
adiacent to and dOwnSU8am ot the Slt8. Low pH discharges can be tOXIC to aquatic organisms. Based -
on sampling as late as fall 1988, the State Wat• Central Board has concluded that the aquatic 
invertebrate community has not completely rec:overed In the Piney River even at a distance of 3.5 miles 
downstream. 

Actual or threalened releases of pollutants trom this site, d not addressed by implementJng the 
response acbOn satected in this ROO, may present subslanbal endangerment to aquatic life 1n the Piney 
River. 
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DESCRIP'T10N OF ALTERNATIVES 

Several aftematJVes were evaluated 1n daad to detenn1ne whictt would be most effecuve 1n 
acti1eving tne goais of CERCl.A. and 1n partJCular, acnMMng the remedial ob1ec:t1Ve tor the srte. The 
detailed analyses of remechal altematJVes for tne vanous areas cl the site are bnefttf descnbed below 

NO ACTION 

Capital Costs: 
Annual 0 & M: 
Five Year R8Yl8W: 
Months to Implement 

$ 21.000· 
s1s&.ooo• 
s133,ooo• 

3• 

The Superfuncl program is reqwred to evaluale the 'No Action" altemabve. Under ttiis 
allemat1Y8. no remedial acllOn would. be taken to pravait contanuMbOn from entenng groundwater or 
the Piney River. Site acc:ass COi ltl ols. deed 1 est1 ICtlOf"8, and mainrenance ol on Site roads would be 
performed. In addltlan. mOl ldOnng al the grounctwater and surface W8l8r WOUid be performed alq 
with a formal l'8Yl8W ol the Slt8 c:onddlon fN9tY five years. ARARs assoc:iat8d With surface water arti 
grounctwater would noc be anained. 

The remedial obfecdvee for the Site wauld noc be mat ~ the no acllOn all.,,.,..,. and 1mpactS 
on the benttUc community in the Piney River would continue. Tl1e no actklli allemabVe dOeS not meet 
SARA'S preferenc:e for permanent treazment. 

GROUNDWATER COLLECTION SYSTEM 

Allemapve GW·2i Pi!SSMP Groundwater Collection 

Capital COlll: 
Annual 0 & M COlll: 
Mond'W to Implement 

Groundw-. would be lrUrcepced ~ a sertes ol sublul1ac8 drains and/Ot tre1 !Ches installed 
below the waer table along the bale al the hll COi 1t811 Ii IQ ArW 1, 2. 3, and 4. Gravdy flow would be 
used to f8ed the CCllected _... to the groundwater treaamerl system. Measures would be taken to 
prayenr the fam1lllon ol Iron 881 depoaa in ht collec:tian system during penods of low flow 
UnconratTllNl8CI Utace was run-aft would be diverted fldf from ht collection system. 

Groundwa.r would be collec:ted tOr tnNlm8l'I U'1d the groundwaler quality acnMNeS a level 
whtch allows It to be dllctWg8d dlr8Cd>f into the ~ RHer. 'The dl8charge llmllS for this Site 
necessary to meat .- quality ~ In the Piney ANer and ao compl'f Wllh the Clean war.er Act 
(CW~ and Vltgna WIDI ConlrCI Board (VWCB) r&gl dmianl hav9 been dlCarmineCI ~ VWCB and are 
presented in Appel ldlx L 

• AD costs and imp6emanralian umas are 8Sbmlt8C1 



GROUNCWAT§! TREATMENT S'fSTEM 

Altemauve wr -2: Passrve Water Treatment 

Capital Costs: $119,ooo• 
Annual o & M cosm: S20.ooo· 
Montns to Implement e· 
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The componera of the treatment sysrMI would include an 0Xldabon/sett11ng pond, a 
constructed wetland. and a limeslone neutraliZation bed. 

The OXIClatiOn/senllng pond would be capable of complete removal of Iron and sulfur elements 
from the colleCted groundwaler. Its design would utdize 8ICIStlng knowledge of acid mine drainage 
treatment where the use of OXldabonlseallng ponds IS a standard tactwque. Such treatment systems 
often UbliZe alkallne chemicals to rmse the pH of the warar and cause rnetaas to precipiuDe. The sulfur 
element would also be precipdated. The OXldabon/seallng pond would make up for any IOSs 1n the 
performance of the wetland. 

Wetland vegetatJOn wortcs an COf1jUnCtion Wet:' anaerobic baCteria to remove iron_ and SUlt\.tr 
species from the water: an incr8aS8 in the pH can also be expected. The wetland would be protected 
from a 1 QO.year flood l7f consuucting a berm around It. -

Should the piasance of Olher metals in the-.. from the wedand make the discharge 
reqwrements Sit l7f the VWCB nan-alainab6e and U.. prewrr direct dilcharge into the Piney River, 
additional physical or/and c:hemiCal tr88lm8rl ll8PI WOUid be instaled. 

The limestone bed would act aa a final polishing srep for pH adj&.9lm8nt before discharge of 
the effluent to the Piney Rlvw. 

An eighl.focX high, locked ChaitHink fence would be il1Sl8IJed around the wetland tor the 
protectlorl of the communty, on Slt8 wortcers, and game and wddll9. ~ manenance of the entire 
groundwater system would lndude r8llOCldng of the wall111d wllh new pllnta, dr8dguig of the OXldatlOn 
pond and w8Cland, perioclc ....,.. and ll1ftuent rncdortng. The manltoril ig program for groundw~er 
treabn8f'I • pra a anted in Appildx L 

All l'aldull W8119e would NM to undlrgO Extrlc1ian PTOC8dln Taxk:ily (EP Tox) tasting to 
datermrne tt. ct111rc.lan blfln •hpoell w ... ha fall under ACM Subtdle C (Hazardous 
Waste) would be mmlaged 1ccardl11g to the Vlrgla Hazlrdaul w- Management Regulabons 
(VHWMR) and __..ACM LMd DilpoAI Rellric:liacm (LDRll). W.._ than cllsslfied as RCRA 
Subtlde D (Sold WW) would be managed accocdlng to the Virginia Solid Wate Management 
RegWabolW (VSWMR). The GldcllliOll/SIClllng pond, the Mdlllcl and the neuballZlllOn bed would be 
construct8cl anc1 openaca accardll ig to VHWMA or VSWMR (Including rnnmum tecnnotogy 
requiramenlS). lhll Cammon .. .., of Virginia ii • RCAA d1l1QllM Sta.· Al RCRA autt1only nas been 
delegated to the CommonW9lllh of Virginia except ttae under the 1984 Haz8rc:lous and Solid Waste 
AmendmerU (HSWA). 

• All costs and implementation times are estimlted. 
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Based upon considerabOn at the requirements at CERCLA. the detailed analysis of the 
attemanves. and public comments. both EPA and the Commonweafttl at Virginia have deterrmned that 
the following combination of attemallYes 11 the most appropnme remedy for cleaning up the site 

CollectiOn: Passrve Collectlon System (GW-2) 

Treatment: Passive Treatment System (WT-2) 

Area 1: ln-srtu OissolUbOl'I and Treatment (A1-10) 

Area 2: Surface Rep8lr at Unvegetated Areal (A2-4) 

Area 3: Improve Surtac:e Oraanage (A3-3) 

Area 4: Drainage Control and Revegadon (AM) 

Area 5: Drainage Control and Revegetadon (AS-4) 

Area 6: No Action (A~1) 

Area 7: Above-grade Ory NeutraliZation (A7-7) 
(in comblnllbon Wllh W8dal td) 

TOTAL: 

ESTIMATED 
COST 

173,000 

431,000 

3,962,000 

147,000 

106,000 

202.000 

874,000 

0 

0 e 

5,895,000 

The sslactad remedy COllllllS cf dlssotuaon and 1r8llm8nl cf copperas waste 1n Area 1 
Drainage comroll and raveo-•m would be impi8merad n Arw 2. 3. 4 and s. Area 6 requires no 
remedial action. Acidllled sail In Al8a 7 wauld be maced Wllh lime to neutralize any leachate. 
GroundWallf' would be c:ollect8d ~ using sub8ul1ace drains and trel IChes wld't treal11'18nt 1n a 
constructed wetlll Id. The ~ treaDnal'I would be suppllrrleriad With acbV8 tnNlb'nent processes 
necesamy to ,_. • dilCharge requramara. 

Some chal iges may be made to the selected remedy as a ~ at the remedial design and 
construcbOn prtlC8119S 

Remed!at!on Goals 

The purpose at this response actiOn ii to control riska posed ~ acidic: discharge into 
groundwa1er and the Piney River. By ellmaiatuig most at the sources cf acidic clischatg8 into the river. 
the remedial actJOn wdl prayent future fish kills and stop tunner leaching at mecals and continued 
degradabOn at the Piney River. This remedy wlll addresl all the six areas at the site that have t>een 
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found to be tne sources of conrarmnat1on. 

Since no Federal or Stale ARAAs exisl for soils. the acdon level for tne in-srtu dlssolUbOn and 
leachate collection remedy for Area 1 would be determill8d usrng fate and transport modeling to 
detemnne tne level to wtucti aadiC producing potential of the soil snould be reduced 1n order to ensure 
that tne lead'Ung of contaminants to graundwal• and surface wal8I' above levels protecuve of the 
Piney River as determined by the SWCB WOUid not continue. N. a m1nmum. the leaching shall not 
cause the Piney RiYer to exceed State Wat.er Quality Standards. 

The termination of in-situ dissotution and le8chate collectior1 would be determined using the 
resutts of sod bonng tests. and fate and traJ isport modeling to estimate the potential of groundwater 
contamination thal cculd result from the m1gnmon of r88ldual coi armnams in the sod. The leaching 
procasa shall be Slapped when (1) soil boring tea snow thal no significant amount of copperas 
remains in tl'l8 pdl, and (2) the residual acidity In the fonNliOn Is such thal d leached into groundwater 
and dlSCharged mto the Piney River would not VIOiate ttw ARAAs for the nvw. 

Oiseharge from Area 1 11110 the wetlancl would ontv be allowed when the wal8I' to be dlSCharged 
11 comparable to the quality of influent wal8I' into the wetland and pn:Mded such addlbOnal discharge 
capacity wculd noc adYerSely atract the performance of the wedand. In any case. no discharge would 
be allowed untd the dissolution process 11 near complatlan. Ant discharge into the Piney River must 
meet the discharge limlts set forth in Appel idilc L 

' All solid wastes generated during the ramedlation prOCll8 would be SUbjected to EP To#" 
t8Sbng and then disposed of according to VHWMA and RCRM.ORs (Federal) or the VSWMR. 
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EXECUTIVE SUMMARY 

1.0 PURPOSE 

The purpose_of the Supplemental Remedial Investigation (SRI) is 

to augment the existing data base relating to the nature and 

extent of the acidic discharges at the U. s. Titanium site in 

Piney River, Virginia (referred to as the "Site"). 

Numerous data gaps were identified in previous studies. Several 

of these data gaps were of major importance to the understanding 

of the extent of the problem, while other data gaps were 

important to the evaluation of alternative remedial actions. 

The previous site investigations did not provide a comprehensi"le 

investigation of the surface water and groundwater quality 

impacts. No previous study was conducted to estimate the 

relative contribution of each area to the contamination of 

surface- and groundwater. The previous studies did not address 

the pathways of contamination or the geochemical controls on 

leachate production and migration. 

The SRI is intended to supplement the previous studies by filling 

gaps in the existinq data base according to the following 

objectives: 

Characterize the extent and nature of contamination in 

each of the seven areas and groundwater. 

Characterize the hydrogeology to provide data for 

evaluation of the significance of the groundwater 

contamination component to acidic discharges and for the 

l 301023 
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2.2 SITE HISTORY 

The Piney River plant commenced operations in 1931 under the 

ownership of~~he Virqinia Chemical Corporation. Those operations 

included: (l) the production of titanium dioxide piqment from 

native ilmenite ore via the sulfate process and (2) production of 

phosphate throuqh the diqestion of native apatite ore in sulfuric 

acid. As a result of the titanium dioxide and phosphate 

operations, the plant produced a waste stream consistinq of 

dilute sulfuric acid, hydrated ferrous sulfate (copperas), 

diatomaceous earth filter cake, qypsum (from the phosphate 

process only), and unreacted apatite and titanium ore. From 

1931 until 1947, the wastewater stream was disch&?'9•d directly 

to the Piney River. 

In July of 1944, American cyanamid Company acquired the plant and 

property. American cyanamid Company operated the plant for the 

production of titanium dioxide only. 

In 1947, American cyanamid Company constructed a State permitted 

settlinq pond to remove settle~l• solids from th• wastewater. 

This settling pond i• nov referred to as •Area s.• In th• early 

1950's, American cyanaaid Company employed partial neutralization 

of the waate1(ater, and :by 1955 had elillinated suspended solids 

from th• etti.uent and had 1iqnif icantly reduced sulfuric acid 

dischargea. Thi• waa followed by the inatallation of a 

neutralization lagoon which became operational in 1957. 

By 1961, American cyanaaicS Company hacS achieved the followinq 

results: 
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l. All wastewater was neutralized to a pH of at least s.o. 

2. Flow and pH monitorinq equipment were installed on the 

effluent stream. 

3. A sulfuric acid recovery plant was in continuous 

operation to reduce sulfuric acid discharqes. 

In 1971, American cyanamid Company ceased all operations at the 

Piney River plant. Also in 1971, American cyanamid company 

commissioned a study of the acidic discharqes from the copperas 

stockpile, where an estimated ao,ooo cubic yards of copperas had 

been stored between 1949 and 1971 for sale as a commercial 

product. This area is now referred to as "Area 2". The study 

concluded that acidic discharqes attributGle to the copperas 

could be eliminated by movinq the copperas to a new clay-lined 

landfill on the south side of the Piney River. 

on October 31, 1972, American cyanamid Company submitted plans to 

the Stat• Water control Board (SWCB) for excavation and 

subsequent burial of th• coppera• in a new landfill to be located 

on the south side of the Piney River. Approval for this plan was 

qranted by th• Executive Secretary of the SWCB on April 5, 1973. 

In 1973, Mr. s. Vance Wilkins purchased the property from • 
American cyailaaid Company. As part of the sales aqreement, 

American Cyanamid company paid Mr. Wilkin• $100,000 for the 

stipulated purpose of impl-•ntinq the State-approved plan for 

burial of the copperas on the south side of the Piney River. 

301031 
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Rather than implementinq the State-approved plan developed by 

American cyanamid Company, Mr. Wilkins constructed a temporary 

copperas leachate collection and recirculation system consistinq 

of a lower ~ollection laqoon located in the southern portion of 

what is now referred to as "Area 2", an upper "evaporation" pond 

in an area now referred to as "Area 3", and a pumpinq system for 

transferrinq the leachate from the lower collection pond to the 

"evaporation" pond. 

In March of 1976, Mr. Wilkins sold the Site to the u.s. Titanium 

Corporation. U.S. Titanium Corporation's purchase of the Site 

was financed by The Stone Foundation, which held a mortqaqe on 

the property. 

In September of 1977, the SWCB ordered U.S. Titanium Corporation 

to submit a plan for disposal of the copperas. o. s. Titanium 

Corporation failed to submit the required disposal plan, and the 

SWCB filed suit in the Circuit Court of Nelson County seekinq a 

temporary injunction to require o.s. Titanium Corporation to 

apply to the State Department of Health tor a landtillinq permit 

tor the copperas. 

After further judicial proceedinqs, o.s. Titanium Corporation 

and/or Th• S~one Foundation contracted with Geonics, Inc. to 

prepare a permit application for disposal of the copperas. This 

application was submitted to the SWCB and State Department of 

Heal th on October 3, 1979 and approved ))y that department on 

March 11, 1980. 
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~; ,.. 
on October 2, 1980, New Enterprise Construction company began -

full-scale burial of the copperas under contract to U.S. Titanium 

Corporation and/or The Stone Foundation. Burial was completed on 

December 12~-1980, and final qradinq, channel improvements, and 

seedinq and mulching were completed by J'anuary 16, 1981. The 

burial area is now referred to as "Area l". 

During the U.S. Titanium Corporation and/or The Stone Foundation 

sponsored burial of the copperas, the U. s. Environmental 

Protection Agency, Reqion III (EPA), contracted with Ecoloqy and 

Environment, Inc. to conduct a preliminary assessment of the U.S. 

Titanium Site. The resulting report was submitted to the EPA on 

Auqust 3, 1980. 

on April 7, 1982, the Executive Director of the SWCB disapproved 

a site improvement plan for reclamation of the former copper as 

storage area submitted by U.S. Titanium Corporation and/or The 

Stone Foundation. As a result, Benton G. Tinder was appointed 

receiver of the U.S. Titanium Corporation property at Piney 

River. On May 27, 1982, Mr. Tinder contracted with R.M. Cash and 

G. Burley of Amherst, Virginia, to complete reclamation and 

runoff control for the former copperas stockpile area. This 

reclamation work was funded from the Governor's Contingency Fund. 

In December 1982, the EPA ranked the u.s. Titanium Site 332nd out 

of 418 sites on the National Priorities List published pursuant 

to Section 105(8)(B) of CERCLA. On February 1 and 2, 1983, NUS 

Corporation, under contract with the EPA, conducted a site 
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inspection as part of the development of a Remedial Action Master 

Plan (RAMP). The RAMP was released in Auqust of 1983. 

In June of -1983, the SWCB authorized the Department of Civil 
-

Engineering, Virginia Polytechnic Institute and State University, 

Blacksburg, Virginia, to conduct studies relating to the u. s. 

Titanium Site. 

In 1985, EPA contracted with GCA Corporation to conduct a focused 

feasibility study (FFS) on the nature and extent of the acidic 

discharges from several specific areas on the Site and to 

evaluate alternative remedial actions. on October 8, 1985, the 

EPA released a draft FFS prepared by GCA Corporation and dated 

July 23, 1985. Comments on the draft FFS were submitted by 

American Cyanamid Company on November 20, 1985. 

On November 7, 1985, a liability judgment was rendered against 

American Cyanamid Company, U.S. Titanium Corporation, Ronald 

Penque and Henry A. Williams,III, principals of U.S. Titanium 

Corporation, and Penque-Williams, Inc. in Commonwealth of 

Virainia v. U.S. Titanium Corporation. et al., a nuisance action 

seeking abatement of conditions at the site. In early 1986, the 

U.S. Titanium Corporation transferred its Piney River property to 

the P.R. COJ:J>oration of Piney River, Virginia. One of the 

principals of .the P.R. Corporation is Mr. Robert Desmond. 

On April 30, 1986, the Attorney General for the Commonwealth of 

Virginia and American Cyanamid Company siqned a Stipulation and 

Order establishinq a schedule for completion, by American 

Cyanamid Company, of a temporary source control action for the 
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copperas burial pit, a supplemental remedial investigation, and a 

feasibility study for the Site. 

On August 12, 1986, American Cyanamid Company, through a 
-

contract with HYDROSYSTEMS, Inc. of Dunn Loring, Virginia, 

completed a temporary source control remedial action at the 

copperas burial pit to inhibit leachate production. 

2.3 NATURE AND EXTENT OF PROBLEM 

Conditions at the u. s. Titanium Site include the chronic 

discharge of acidic surface- and groundwater into the Piney 

River, the presence of a soil/copperas mixture in the burial pit, 

and acidified soil and sediment in other areas of the Site. The 

acidic groundwater and surface water do not contain hazardous 

constituents and do not present any risk to human health. The 

chronic acidic discharges to the Piney River have resulted in 

impacts to the aquatic community immediately downstream of the 

Site. Recent benthic surveys indicate, however, that the river 

recovers below about 1,000 feet downstream and is showing signs 

of recovery in the immediate vicinity of the Site. 

Due to the inadequate burial of the copperas by the U.S. Titanium 

Corporation in 1980, infiltrating water has dissolved copperas, 

causinq collapse depressions to form in the surface of the burial 

pit. The resulting leachate formed by the dissolution of the 

copperas discharges to the surface via seeps around the 

circumference of the burial pit and percolates to the 

groundwater. 
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,.. 4 result of the titanium dioxide and phosphate operations, the 

plant produced a waste stream eonsistinq of dilute sulfuric acid, 

hydrated ferrous sulfate (eopperas), diatomaceous earth filter 
C-oc_~91 ,.. ~" 

cake, gypsWI (from the phosphate process only) , and unreacted 

apatite and titanium ore. From 1931 until 1947, the wastewater 

stream was discharged directly to the Piney River. 

In 1947, American Cyanamid Company constructed a sedimentation 

pond to remove settleable solids from the wastewater (NUS, 1983, 

p. A-2). In April of 1947, the State Water Control Board (SWCB) 

issued to American Cyanamid Company, pursuant to Section l5l4-bl7 

of the State Water Control Law, Waste Discharge Certificate No. 

34 for the Piney River plant effluent (NUS, 1983, p. 2-7). This 

sedimentation pond is now referred to as "Area 5". 

In the early 1950's, American Cyanamid Company employed partial 

neutralization of the wastewater, and by 1955 had eliminated 

suspended solids from the effluent and reduced sulfuric acid 

discharqes from 120 tons/day to 90 tons/day (NUS, 1983, p. 2-ll). 

This was followed by the installation of a neutralization laqoon 

which became operational in 1957 (NUS, 1983, p. A-5). 

By 1961, American Cyanamid Company had achieved the followinq 

results: 

1. All wastewater was neutralized to at least a pH of s. 

2. Flow and pH monitorinq equipment were installed on the 

effluent stream. 

~ 
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J. A sulfuric acid recovery plant was in continuous 

operation to reduce sulfuric acid discharqes. (NUS, 

19S.3, p. 2-12) 

On March 21, 1961, the SWCB issued to American Cyanamid company 

Waste Discharqe certificate No. 1312 in replacement of 

Certificate No. 34 for the Piney River plant effluent. This new 

discharqe certificate was issued to reflect improvements 

instituted by American cyanamid Company in the waste handlinq 

operations. (NUS, 1983, p. 2-8) 

In 1971, American Cyanamid Company closed down all operations at 

the Piney River plant. Also in 1971, American Cyanamid company 

commissioned a study ot the acidic discharqes from the copperas 

stockpile where an estimated 80,000 cubic yards of copperas had 

been stored between 1949 and 1971 for sale as a commercial 

product (NUS, 1983, pp. ES-1 and 2-6). This area is now referred 

to as "Area 2". 

The study, conducted by Geraqbty i Miller, Inc., concluded that 

acidic discharqes attributable to the copperas could be 

eliminated by movinq the copperas to a new clay-lined landfill on 

the south side of the Piney River (Geraghty & Miller, Inc., 

1972). 

on October li, 1972, American Cyanamid Company submitted plans to 

the SWCB for excavation and subsequent burial of the copperas in 

a new landfill to be located on the south side of the Piney River 

(NUS, 1983, p. 2-8). on April S, 1973, American cyanamid Company 

obtained approval from the Executive Secretary of the SWCB for 

6 
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the plan to bury the copperas in the proposed new landfill (Ni.:S, 

1983, p. 2-8). 

In 197 J, Mr, S. Vance Wilkins purchased the property from 

American cyanamid Company. As part of the sales aqreement, 

American Cyanamid Company paid Mr. Wilkins $100,000 for the 

stipulated purpose ot implementinq the State-approved plan for 

burial of the copperas on the south side of the Piney River (NUS, 

1983, p. 2-3). 

Rather than implementinq the plan developed by American cyanamid, 

Mr. Wilkins constructed a temporary copperas leachate collection 

and recirculation system consistinq of a lower collection laqoon 

located in the southern portion ot what is now referred to as 

"Area 2", an upper retention pond in an area now referred to as 

"Area J", and a pumpinq system tor transterrinq the leachate from 
/ 

the lower collection pond to the upper retention pond. The SWCB --

issued a three-year duration State No Discharqe certificate No. 

IW-ND-407 on December 23, 1974, to permit operation of the 

leachate collection and recirculation syst- installed by Mr. 

Wilkins (NUS 4 1983, p. 2-1 and personal communication with Tedd 

Jett, SWCB). 

In March ot _1976, Mr. Wilkins sold a portion of th• property 

north of the Piney River to the o.s. Titanium corporation, 

retaininq ownership of that part ot th• property on the south 

side of the river and portions of the property on the north side. 

u.s. Titanium corporation's purchase of the Piney River property 

\\ 
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was financed by The Stone Foundation, which held a mortqaqe on 

the property. 

In Septemee~-ot 1977, the SWCB ordered U.S. Titanium Corporation 

to submit a plan tor disposal of the copperas. U.S. Titanium 

Corporation failed to submit the required disposal plans, and the 

swcs tiled suit in the Circuit Court of Nelson county seekinq a 

temporary injunction to require U.S. Titanium Corporation to 

apply to the State Departaent of Health for a landfillinq pennit 

for the copperas • (NUS, 1983, p. 2-9) 

After further judicial proceedinqs, U. s. Titanium. Corporation 

and/or The Stone FoW1dation contracted with Geonics, Inc. to 

prepare a permit application for disposal of th• copperas. This 

application lilas su!)mi tted to the SWCB and State Department of 

Health on October 3, 1979 and approved by the State Department of 

Health on March 11, 1980. (NUS, 1983, p. 2-9) 

By May 30, 1980, U.S. Titanium Corporation and/or The Stone 

Foundation completed the burial of copperas in a test cell, and, 

on October 2, 1980, Nev Enterprise construction Company beqan 

full-scale burial or the copperaa under contract to o.s. Titanium 

corporation and/or 'l'h• Stone Foundation. Burial wa• completed on 

December 12,_1980, and final qrading, channel improvements, and 

seedin9 and 9ulching were completed by January 11, 1981. (NUS, 

1983, p. 2-13). The burial area i• now referred to as "Area 1". 

Durinq tb• o.s. Titanium Corporation and/or Th• Stone Foundation 

sponsored burial of the copperaa, th• u.s. Environmental 

Protection A9ency, Region III (EPA), contracted with Ecoloqy and 
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invlronment, Inc. to conduct a preliminary assessment of the u.s. 

r 1 taniWD Site. The resultinq report was sul:lmitted to the EPA on 

Auqust 3, 1980 (NUS, 1983, p. 2-13). 

on April 7, 1982, the Executive Director of the SWCB disapproved 

a site improvement plan for reclamation of the former copperas 

storaqe area sul:lmitted by u.s. Titaniwn Corporation and/or The 

Stone Foundation. As a result, Benton G. Tinder was appointed 

receiver of the u.s. Titaniwn Corporation property at Piney River 

(NUS, 1983, p. A-12). On May 27, 1982, Mr. Tinder contracted 

with R.M. cash and G. Burley of Amherst, Virqinia, to complete 

reclamation and runoff control for the former copperas stockpile 

area. This reclamation work was funded from the Governor's 

Continqency Fund. (NUS, 1983, p. 2-10) 

In December 1982, the EPA ranked the u.s. Titaniwn Site 332nd out 

of 418 sites on the National Priorities List pul:llished pursuant 

fO Section 105(8)(8) of CERCLA (NUS, 1983, p. 2-11). On February 

'1 and 2, 1983, NUS Corporation, under contract with the EPA, 

conducted a site inspection as part of the development of a 

Remedial Action Master Plan (RAMP) • Th• RAMP was released in 

Auqust of 1983. (NUS, 1983, pp. A-13 and 1-1) 

In June of 1:983, th• SWCB authorized the Department of Civil 

Enqineerinq, Vi%'1)inia Polytechnic Institute and State University, 

Blacksburq, Virqinia, to conduct studi•• relatinq to the U. s · 

Titaniwn Site (VPI, 1984, p. 1). 

In 1985, EPA contracted with GCA Corporation to conduct a Focused 

Feasibility Study (FFS) on the nature and extent of the acidic 
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2.0 SITE FEATURES INVESTIGATION 

2.1 DEMOGRAPHY 

The u.s. Ti~anium Site is located on the Piney River flood plain 

and the adjoininq hill north of the river and east of State Route 

151 near the town of Piney River. The town is primarily zoned 

for industrial development. Industries in the area have included 

mininq, mineral processinq, and lumber. currently, there is at 

least one operatinq rock quarry and two saw mills in the Piney 

River area. Since American Cyanamid Company closed the titanium 

processinq plant, titanium minerals are no longer mined from the 

local deposits. 

The area is populated by approximately 200 people, with most of 

these people living within a one-mile radius of the Site. The 

closest residence is approximately 2000 feet to the west of the 

l
s~te along State Route 151, across from the former plant building 

site. 

The community utilizes groundwater for its potable water supply. 

However, the residential wells are hydroqeoloqically isolated 

from the contaminated groundwater found on the Site. The wells 

to the north and veat are upgradient, vhil• wells south of the 

Piney River ~d east of the Site are hydraulically isolated by 

the qroundvater discharqe boundaries associated with the Piney 

River, and the unnamed tributary on the eastern side of the 

boundary. No r••idential wells exist between the Site and the 

Piney River. 

30103'1 
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Cc:. 
surface drainaqe from the Site flows south to the Piney Rl~ 

... , 
which, in turn, flows southeastward to the Tye River, ant;i 

sul:lsequently, to the James River. The Piney River is not used as 

a municipal .!iater supply, but is used for recreation and fishing 

upstream of the site. The closest diversion for drinkinq water 

is apprcximately 40 miles downstream on the James River (NUS 

RAMP, 1983), and is not subject to possible adverse impacts from 

the Site. Recent bioloqic surveys have shown that the Piney 

River is fully recovered above its confluence with the Tye River. 

The point ot recovery is between 1000 feet and four miles 

downstream of the Site. 

2. 2 LANO USE 

The o.s. Titanium Site is an aaandoned mining and ore processinq 

facility that was used for titaniWll dioxide and yellow ferric 

oxide manufacturing durinq the American Cyanamid Company 

ownership (HOS RAMP, 1983) • The processing plant, the 

associated settlinq ponds, and a copperas stockpile area were 

located on th• north side ot the Piney River in an area covering 

approximately 100 acrea. 

Predominant land use in areas adjacent to the site include rock 

quarry operat~ons, 1099inq, and farming. Route 151 and several 

railroad rigbt•ot-vays lie adjacent to the Site, and the land in 

the surroUhdinq area is zoned for industrial use (NUS RAMP, 

1983). 

The railroad ri9ht•ot-vays belonq to the Blue Ridge Railroad, 

which is no lonqer in business, and the tracks have been removed. 
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3.0 PHYSICAL SETTING 

3.1 SOILS 

In the upland areas, the Site is underlain by clay and silty clay 

ot the cullen soil association (NUS, 1983, p. 3-2). The soil is 

a residuum (saprolite) derived from the weathering of the 

underlying parent bedrock material. It is a dark reddish clay 

loam near the surface, but grades into the parent bedrock at 

variable depths across the Site. These residual soils typically 

have a pH of 5.1 to 6.0 (GCA, 1985, p. 3-9). Within the flood 

plain, the soils consist of heteroqenaous alluvial deposits of 

qravel, sand, silt, and clay. The approximate boundary between 

the residual and alluvial soils lies alonq the base of the hill 

containin9 Areas 1, 2, and 3 (see Plate 2). 

3.l.l DISTRIBUTION AND THICKNESS OF SOILS 

Numerous borinqs and wells were drilled at this Site by 

HYDROSYSTEMS, Inc. (plotted on Plate 2) and investiqators from 

VPI (Morris, 1984, and Moslehi, 1984). These borinqs and wells 

were used to delineate the thickness of •oils throuqhout the 

Site. On Site, the residual aoila ranqe in thickness from just a 

few inches· ft!&r tha stream bed east of well 7 in Area 2, to 

approximately 60 feet alonq the southern ed9e of Areas l and 3. 

Plate 2 pre•ent:• the aoil thickness data, 

soil borings are presented in Appendix E. 
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i.e., less than 0.5 in/hr (Bureau of Reclamation, 1978, p. ~l) 

Only six tests had final saturated JC values qreater than 0 . s 

in/hr. Those. values, ranqinq from 0.63 to 0.80 in/hr fall within 
-

the ranqe for silty clay to silty clay loam. 

As can be seen in the qraphs presented in Appendix I about 13 of 

the 21 infiltrometer tests produced fair to qood results which 

could be fit with an exponential curve with confidence. The 

other test results are judc;ed poor due to inadequate data to 

produce a curve fit with confidence. However, even the results 

for the tests with poor data fall within two standard deviations 

of the mean, indicatinc; the results are reasonable. 

3.2 GEOLOGY 

3.2.1 PHYSIOGRAPHY 

The Site is located in the Piedmont physioc;raphic province about 

five miles east of the Virqinia Blue Ridqe. The Site is located 

on the Piney River Quadranc;le 7.5 minute series topoc;raphic map 

(U.S. Geoloqical survey, PR 1984). In the qeneral vicinity of 

the Site, elevations (datUJD is mean sea level) ranqe from 2218 

feet at England Ride;• 4.5 miles to the northwest of the Site, to 

just under·6og feet &!)out one mil• downstream of the Site on the 

Piney River.. Within the boundaries of th• Site, the elevation 

ranc;es from 726 feet on top of th• copper•• burial pit in Area 1 

to 618 feet in the Piney River near the drainage area in Area 7. 

,., 
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2 LITHOLOGY 3.2. 

The bedrock- underlyin9 the Site consists of the iqneous and 

metamorphic-rocks ahown in Fiqure 3.1. Few detailed studies have 

been completed on the qeoloqy near the Site, except for a study 

by Hillhouse (1960) on the mineraloqy and petroloqy of the area. 

Exposures are ao few and poor that petroloqic and structural 

relationships have been difficult to determine. However, based 

on the work of Hillhouse (1960), a ;eneral description of the 

;eoloqy is possible. 

Underlyinq all of Areas l and 3 and the northern two-thirds of 

Area 2 is a pe;matitic anorthosite , a complex assemblaqe Of 

sills (tabular intrusive bodies parallel to the intruded body) 

and dikes (tabular intrusive bodies cuttinq across the intruded 

body) (Hillhouse, 1960). The anorthosi te is a coarse-qrained, 

igneous rock consisting of more than 90' plagioclase, a calcium-

sodium aluminum silicate with th~ mineral formula 

(Ca,Na) (Al,Si)AlSi2o8 (Mason and Berry, 1968). The anorthosite 

is also referred to as the Roseland anorthosite (Hillhouse, 

1960). 

Underlyin9 th• aouthern end of Area 2, and all of Areas 4, 5, and 

6 is what Hi11houae (1960) termed the border gneiss, a complex 

unit containing feldspathic gneisses, altered auqen qneiss, 

qarnet qneiaa, CJraphite qneiss, and lenses of pyroxenite, 

amphibolite, and peCJJD&titic anorthosite. 

Underlying a amall area of the Site just east of Ar•• S is 

Nelsonite, which, on the south side of the river, was the 
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titaniWD-ore body. The qeneral term Nelsonite has been qive 
l"I ~~ 

rocks in Nelson County that consist of apatite and one or more at 

the iron and.titanium oxides: ilmenite (FeTi03), rutile (Tio
2
), 

The Nelsoni te that occurs at the site 

principally contains ilmenite and apatite, with minor amounts of 

maqnetite, rutile, plaqioclase, quartz, hornblende, biotite, and 

chlorite. The Nelsonite is medium qrained, equiqranular, and has 

a distinct, auqary texture (Hillhouse, 1960). The Nelsoni te 

contains up to 60t and, in some cases, aa hiqh as 90t ilmenite 

(Hillhouse, 1960). 

Underlyinq the southeastern corner of the Site in Area 7 is an 

altered hypersthene qranodiorite, which is medium-qrained, qray

qreen in color, and characteristically has a qneissic, or layered 

mineraloqy. The qranodiorite has a complex mineraloqy consisting 

of biotite, amphiboles, pyroxenes and numerous metamorphic 

reaction products (Hillhouse, 1960). 
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3.2.3 STRUCTURAL GEOLOGY 

The structural qeoloqy of the region is dominated by the Roseland 

dome, a douJ:>ly plunging anticline. All the rocks exhibit a 

northeasterly strikinq, southeasterly dipping c;neissocity, or 

layered mineraloqy (Hillhouse, 1960). 

Fractures occur in the bedrock at the Site and are visible in the 

outcrops of bedrock in the bottom of the Piney River and the 

drainaqe channel at the base of Area 2. Two distinct sets of 

nearly-vertical fractures are present and have approximately 

northwest-southeast and northeast-southwest orientations. Field 

measurements of strike and dip on 17 fractures at the Site were 

completed. Analysis of this data indicates an apparent primary 

fracture orientation (13 out of 17 fractures) that averaqes 

approximately North 21• West, and is approximately perpendicular 

to the strike of the Roseland Dome anticline. An apparent 

•secondary fracture orientation averaqes approximately North 68 • 

.East, parallel inq the strike of the Roseland Dome. These 

fractures are nearly vertical. Table 3.2 and Fiqure 3.2 present 

the fracture orientation data and analysis. 

These two, nearly-vertical fracture sets oriented at right angles 

are indicativ9 of the horizontal tension caused by the uplift of 

the Roseland f)ome (Spencer, 1969, p. 64). 

301114 

46 



J.3 HYDROLOGY 

3.3.l GROUNDWATER HYDROLOGY 

-3.3.l.l OCCURRENCE OF GROUNDWATER 

The hydroqeoloqy at the Site is typical of the Piedmont of 

Virqinia. Groundwater primarily occurs in the porous, 

unconsolidated qranular material of the saprolite and, to a much 

lesser extent, in the fractures that run throuqh the dense, hard 

iqneous and metamorphic bedrock. These two units are 

hydraulically interconnected over larqer distances. However, 

local heteroqeneities such as chanqes in the clay content of the 

saprolite across a bedrock contact may produce local, partially 

confined conditions in the weathered, fractured bedrock. 

Typically, sot of the wells in the Piedmont reqion of south

central Virqinia yield less than 20 qallons per minute (qpm) 

(Davis and OeWiest, 1970, p. 325). For the Piedmont in qeneral, 

90t of the total yield possible ia obtained within the upper 300 

feet, est within th• upper 200 feet, and sot within the upper 135 

feet (LeGrand, 1967, p. 5). Thi• is due to the fact that the 

fractures become tighter, and the number of fractures decreases 

with increasi_nq depth. 

However, at.th• Site, observations of fracture aperture indicate 

the fractures are very tiqht even at the surface. Fractures in 

the bed of th• •tream at the southern base of Area 2 allow very 

little aeepaqe of water from above the water fall to below the 

water fall. 

301117 
49 



The hydraulic conductivity for clayey saprolite in T~ble l., 
\." 

estimated from the permeameter tests reported by Moslehi < 196 , 

p. 73) • 

3.3.l.4 RECHARGE AND DISCHARGE AREAS 

Groundwater recharqe to the Site occurs over the entire surface 

as precipitation infiltrates into the soil and percolates to the 

water table. Groundwater discharges into the tributaries alonq 

the base of the hill containing Areas l, 2, and 3 and into the 

Piney River. Based on field cbservations durinq drought periods, 

when the water table is low, groundwater ceases to discharge into 

the tributary along the southern base of Areas l and 3, passe_s 

beneath the tributary and continues to flow towards the Piney 

River. Durinq those same drought periods, however, the stream 

along the base of Area 2 continued to receive qroundwater 

discharge, albeit at a much reduced rate. 

3.3.l.S GROONDWATER-FIDW PATHS 

Groundwater flow within the Site originates in the upland area 

containinq Areas 1 and 3, flows in a radiatinq pattern down hill 

towards the streuaa surroundinq the base of the hill and to the 

Piney River. Piqura 3. 5 presents groundwater flow directions 

(arrows) superimposed on the qroundwater contours taken from 

Plate 1. 
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J.J.2 SURFACE WATER HYDROLOGY 

3.3.2.l SURFACE DRAINAGE CONFIGURATION 

The Site lies within the Piney River drainage basin, which is 

part of the larqer James River drainage basin. The Piney River 

flows in an easterly direction forming the southern boundary ot 

the Site. Areas 1 through 4 lie on the upland area, while Areas 

5 through 7 lie within the flood plain of the Piney River. 

Surface water drainage runs off the Site primarily via the 

drainaqe channel along the bottom of Area 2 and a small stream 

that originates along the western side of Area 1. These two 

channels merqe south of Area 2 and discharge into the Piney River 

throuqh a culvert at the downstream end of the property. A third 

stream oriqinates to the west of the sedimentation ponds in Area 

5, flows through the sedimentation ponds, and discharqes into the 

Piney River through a breach in the dike at the southeastern end 

of the sedimentation pond. Figure 3. 6 illustrates the general 

surface drainage pattern that currently exists at the u.s. 

Titanium Site. 

3.3.2.2 SURFACE WATER FLOW CHARACTERISTICS 

The Piney Jli,.rer flow has been qauqed at the Route 151 bridge by 

the U.S. Geological survey (approximately o.s miles upstream of 

the Site). 'l'be area of the Piney River basin above this gauge is 

47.6 sq. mi. The mean flow of the Piney River for the period 

1951 to 1986 was 94.7 cfs, while the maximum flow was 38,000 cfs 

OJ'\ 8/20/69, and th• low flow was 1.1 cfs on 9/13/66. 
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quality limits established by the Federal and state 90v•nu., 
1'\~ 

even durinq extremely low river flow. This contradicts Prevt · 
Q~ 

studie• of the Sit• which suqqested that qroundwater diacharqea 

durinq lov_flow periods would be sufficient to cause water 

quality violations. ORIGINAL 
(;;fd) 

Another objective of this study was to examine the impacts that 

heavy rainfall events, which normally occur in th• summer months, 

have on river water quality. Specifically, the intent was to 

observe th• impacts on the river due to weather conditions 

similar to those which are thouqht to have produced earlier fish 

kills in the Piney River. Those earlier storms were reported as 

beinq relatively intense swamer thunderstorms occurrinq after a 

few weeks of dry weather. 

Unfortunately, the summers of 1986 and 1987 turned out to be 

severe drouqht periods. Th• only siqnificant rainfall event that 

occurred durinq the sW11JDer of 1986 was a liqht rain on Auqust 20. 

That rainfall, however, was enouqh to pr~uce runoff from the 

Site both throuqb the culvert and from Area 5. 

Durinq that rainfall event, chemical data were collected for 

three stations alonq th• river, stations l, 5, and 6, and from 

the culvert, •tation 7. These data are presented below in Table 

4.13. As can:be •een, there was a substantial reduction in pH at 

station 5. 'l'h• river water was qray in color, indicatinq 

siqnificant runoff and erosion from Area 5 up•tream. This pH 

value of 4.93 wa• the lowest pH value recorded durinq this SRI. 
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5.0 TRANSPORT AND FATE OF CONTAMINANTS 

5.1 GEOCHEMISTRY OF COPPERAS 

Copperas is= the primary source of acidity, dissolved iron, ar1 

sulfate in discharges from the Site. As stated previously 

copperas is not acidic, but, subsequent to dissolution, coppera 

_' produces acidity as the result of a aequence of reactions tha 

include oxidation of the ferrous iron to ferric iron an• 

hydrolysis of the ferric iron to ferric oxyhydroxides. Thi: 

series of reactions is shown in Fiqure 5.1. The net effect o 

these reactions is that for every mole of copperas dissolved, tw< 

moles of excess hydr09en ion (H+) are produced resulting in th1 

acidic leachate. 

The solubility of copperas is essentially infinite. Krauskop1 

( 1967, p. 516) lists the solubility of ferrous sulfate as >l. c 

~oles/liter in a solution with just 0.01 moles/liter of sulfate. 

The theoretical ratios of sulfate to total dissolved iron to net 

hydro9en ion concentration, based on the reactions presented 

Figure 5.1 are 1:1:2. 
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5.3 CONTAMINANT TRANSPORT 

The highly soluble nature of copperas inhibits 

reprecipita~"ion once it is dissolved by percolating 

water. After the copperas leachate has been formed in the burial 

pit in Area 1, the dissolved iron, sulfate, and acidity are 

transported along two possible pathways. The first pathway is 

from the burial pit down to the water table and, hence, with the 

groundwater to points of discharge. The second pathway is via 

discharge immediately to the surface of the burial pit with 

subsequent transport in surface water to the Piney River. In 

either case, the pathway taken by any particular dissolved ion 

from the burial pit may involve both intermittent surface- and 

groundwater transport. 

These pathways are summarized in Figure 5.3 and are discussed in 

the following sections under the categories of transport through 

the unsaturated zone, transport in the saturated zone, and 

transport in surface water. 

5.3.1 UNSATURATED ZONE TRANSPORT 

5.3.l.l WA~ MOVEMENT THROUGH UNSATURATED ZONE 

In each area~f contamination on the Site, initial transport cf 

the contamination is through the unsaturated zone, i.e., the soil 

above the water table. Due to the nature of the stratigraphy 

within the aaprolite, it is believed that the movement of 
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U.S. Titanium Corporation Property 
T'CO No. F3-8212-l& 

EPA No. VA-111 

SUMMARY 

Results o:f U.S. Titanium sample analyses indicate: 1) a high content in leachates 

ot toxic: metals (As, Cd, Cr, Pt>, Ni), 2J high sulfate and low pH in emanating s11hce 

waters, 3) cantam.ination of the groundwater underlying tne site with metals, sulfate 

and high aadlty, and •J probable but undetermined adverse impacts on tne near!)y Piney 

River. 

No metals of toxic:aJogical c:onc:ern were found above analytical detection lim1ts 

l' to ~O ug/ 1) in the two resiaenull wells sampled. Both wells, hovtever, appear to be_ 

hydraulically upgradlent from the site; the dosest private well is mere than 1,000 feei 
to the north o1 the capperu burial pit. Local groundwater flow is Ukely to be intercepted 

by the Piney River, and dlstan1 residential wells are at remote risk. 

Tl'l'eaU o:f a direct natire to human nealth appear to be minimal. The ma1or 

canc:arn 1J the potential fer adverse impactS from enu-y ot n.n-ods low in pH and high 

in ferrous s\Afate and other metals into Plney JUver via surface run-offs as well as subsurfac 

infilira'tion. Piney Rlvw is protected fer water-contact recreation, flsl'I, and wil~ife. 

Several inddena of fllh lcUls nave oco.red in the put; two, subsequent to burial of 

the ca pperas material en-site. 
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U.S. Titanium Corporation Property 
TOO No. F3-&212-16 

EPA No. VA- ll l 

SURF AC! WATER SAMPLES 

Cata proviaed by sample results af an extensive surfac:e water monitoring survey 

conducted by the SWCS, May,, 1912, and two leachate samples collected by !PA/CRL., 

August 4, l '12, are induded as attachments to this report (Table F; please note ~rrec:-.icns). 

Seeps taken near or on the Piney River, c:hrectly south of the former c:oppera.s storage 

area, (sample station numbers 6,7,9,10, and UST-L2J, were found to be rugtuy ac:idic: 

(pH 2.9-3.0J. Enormous amounts of suifate were also detec:ted tup to 2,700,000 ugtl>. 

Subsequem to the removal and burial af the copperu material in lanuary of ._ 

1 '81, rl.n-off from the poorly stabilized area of the previous copperu storage resui ted 
in two fish kills in May and l\Nt, 1911. In l~, 1 'l'S2, remedial meuures were taken 

to improve conditions of the termer copperu storage and final disposal areas CSee Site 

Inspection Report). Surface water samples taken by the SWC8 prior to th&s remedial 

actian indicate substantial c:ontaminatlan in leachates emanating from the prev1ous 

capperu storage area. A c:ombined moainage sampe from two intermittent streams 

in this same area taken by EP A/CRL, subsequent to the lune, 1912 remedial action, 

suggests tnat a leaching problem may nW eXIS't (compare results of EPA/CR.I.. sami:te 

UST-L2 and SWCB sampl• 6,7,,, ancl lOJ. Addltianal analytical information may be 

required to make this detennlnation. 

Compwiscn of upnream and downsiremm samples (c:f. sample stations 1 and 

11, Table F) u1cm! by the SWCB, May 1'12, from the Piney R.lver appears to indlc:ate 

site-related c:ontarninadan ot the riv•. n. downstream sample showed increases in 

iran (from 10 ug/1 upnream to '10 ulfU, manganese (from 10 ulf l upsiream to 130 

ug,tl), chromium (from 10 ug/1 upstream to -0 ug/1), sulfates (from l,'°O ug/l upstream 

to 13,100 ug/ 1), and significant recucion in pH (from 6.1 to ,.1). It is noteworthy that 

tnese parameters are 'the same u those noted 1n the seeps sampled near or on the P!ney 

lli"VW, u discussed above. Downsiream levels of iron, manganese, and pH are in exc:ess 

al those recommended in Ambient Waters Quality Criteria and mandated by Se<:cncarv 

MCL Stanaards fer public: water systems. The potential may also exist for polluton 

of the river by arsenic:, chromium, and other ·metals in this flood-prone area. 

10130~ 



~!\''J/.')..\L 
{~~·j) 

U.S. Titanium Corporation Property 
TOO No. F3-a212-16 
EPA No. V A-111 

EFFECTS ON ACOUATIC SY~T!MS 

Pm ran-oil fram Ute U.S. 'ntaniurn site f aUowing 1.1'\usu.Uy l'leavy preQ~itation 

has.resuted in fish lcills in the Plney Rlver (documented by Va. S\VC! 7/lltn, &119/n, 

&/2fJ/7,, 7/11/10, 6/22/&1) anril)uted to a substantial in11wc of ferrous sul1ate and reduc::-..ion 

in pH. In periods of low predpitatian, water enters streams primarily as s~surbc:e 

infiltration trrcugh granular or pcrous material, and the low pH noted in the cownstream 

sample during a time when no leac:hates were observed discharging into Piney River 

may reflect the substantial contribution of affected groundwaters. 

Ferro.. si&fate, which comprises the tiulk of the copperu material stored and°E 

tnen buried o~site, ls frequen1:ly present in underground waters. Same springs and many 

mine areas cantain farily large amOU'\ts, with the resU. t that the su-eams to which they 

give rise are at first completely free af oXygen, low Ln pH and quite lifeless. 

1.•ge amo..,,u at ferrous sa1 ts c:an produce serious pallutian in rivers. Waters 

comamin&ted by ferrous lom are usually add; u ferrous ions are oxidized, ferric l'lydroxide 

(ochre) is precipitated. 1n the process, dlssclved oxygen is consumed, c:aroon dioxide 

is markecly elevated frcm natural blarbanate, and the ferric nyGroxide formed c:an 
settle out at inert suapenalan and produce a choking sediment over areas in river beds 

tnat are critical for tM support or progeneration o1 various fresnwater life. Ac:carding 

to Hynes, (The Ecalogy of R\IV\lna Waters, University Toronto Press, 1'70), it is possible 

tnat the presenc;e ~the depolit and the depletion of dissolved oxygen in the water caused 

by the rapid oxlaihm of ferrous ians (immedlate oxygen demand) are at least as important 

in ewninating sPec:i• u ls the low pH. 

Downstream sampllng of the Plney Rlver re¥ealed a pH value of ,.1. Studies 

CJf cnronic pH effects on fatnead minnows indicated tnat a pH value of 6.6 was marginal 

far vital li1e functions CMO\l\t, O.L, 1'73, Water Res. L 917). Below thi~ pH, egg produc:-:ion 

and ?\atchability were reduced and at pH values below ,.2, fish exhibited abnormal benav1or 

and de1armiues. A pH range ol '·'to 9.0 is considered suitacle to provide protection 

far the life o1 freshwater tish and bottom-dWelling invertebrate fish-food organisms 

(Quality Criteria for Water, U.S. EPA, 1976). 1\)1 3 l J 
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Site Name: L'S ft~~1um 
mo No.: FJ-8212-~ 1 

1.0 INTROOUcnON 

1.1 Autll>riation 

NUS Corporation performed this work under EnvironmentaJ Protection Agency 

Contract No. 68-01-6699. This speclfic report was prepared in accordance with 

Technical Directive Document No. F3-8212-41 for U.S. Titanlum located 1n Neisen 

Cotmty, Vir girua. 

1.2 Scope Of Werk 

NUS Corporation was tasked to review information collected by Ecology and 

Environment during a site inspection, sams:tlng, and well drilling project performed 

in NoYember, 1982, under EPA project task number F3-&108-17A. NUS did not! 

conduct a site visit. 

1.3 Summ•x 

The U.S. Titanium site ls an abandoned nulling and ore processing pant. The 

facility changed ownership several times during the operation. During its 

operation, the facility produced about 80,000 cubic yards of copperu Cf errous 

sulfate) wastes. Several waste handing procedures were utiized over the years 

(s\l'fac:e piles, lagoons, etc> until December l '80, when tte wastes were turied o,,.. 

site under state orders. (Ple .. see EPA report numbers Fl-8008-03 and F3-

8108017A for f\rther baclcgro\l\d infcrmation.) 

. 
Prior to burill~~lj.te, six fish kills occurred, Un-1981, in Piney River. The 

Vir;.nia 'II aier Central Board inYestipted these fish ldlls and has attributed them 

to r~off frcm the c:opperu waste pile. Presently, surface water r\m-Off from the 

site is controlled ttTough existing crainage ways tow .. d tte south into the Piney 

River. (See Plate 8 in Seciicn '·) 
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ff.0 TOXICOLOGICAL IMPACT ASSESSMENT 

Site Name: US Titanium 
mo No.: FJ-8212-41 

A Toxicological Impact Assessment of the U.S. Titanium site was recently prepared 

under mo No. F'.3-8212-16 based on res\its of samples obtained on August 4, 1982 

by EPA Region Ill and Central Regional Laboratory (EP A/CRL), and samples 

collected by the Virginia State Water Control Board on January 7, 1982. 

Subsequently, Ecology and Environment was contracted to have additional 

monitoring wells installed. FIT m sampled these wells and surface waters on the 

site in November of 1982 under mo No. F3-8121-41. 

Res\i ts of the November sampling confirmed previous findings af elevated iron, 

manganese, and other metals in ground and surface waters. The toxicological 

impacts of the incrganics identified are addressed in the initial Toxicological 

Impact Assessment of the U.S. Titanium Corporation Property, which is induded as 

an attachment to this report fer purposes af reference. (Please see Appendix A -

1.0) 

Grol.J'ldwater samples from newly in5talled wells indicate lower levels of iron and 

other metals than were found in previous samples taken in late summer by 

EP A/CRL from existing wells. It may be noted that concentrations of iron and 

other metals in groundwater can fluctuate with changes in weather conditions. 

Levels of iron appear, nevertheless, very high in some aqueous samples taken from 

the recently installed monitoring wells (up to .579,000 ug FE/l in MW B-2). 

Surface water samples taken in November suggest that a potentially serious 

leaching problem may still exist, despite the remedial measures (copperas buried, 

regrading, and other repair) taken in J\6'1e of 1982. A surface run-off sample, taken 

from a c:U vert as.it enters Piney River, revealed high levels of iron ( 424, 000 usfl), 

manganese (11.5,000 ug/l), zinc (2,270 ug/1), chromium (5' ug/l), nickel (l,278 ug/l), 

a:>pper (170 ug/1), and silver (24 usfl). 

1 .11·:-;9 -. ... \,} .. __ , 
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Reference S 

Letter Concerning Status Report or the U.S. Titanium Mine Site; 

From R.V. Davis, SWCB, to J. Kenneth Robinson, House of Representatives; 

August 26, 1980 
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Honorable J Kenneth Robinson 
House of Representat1ves 
Wasl11ngton, D. C. 20515 

Or.r 7 19~0 

VAL.LEY REGIONAL 
OFFICE: 

Re: U.S. Titan1um Corporat1on, Piney R1v~r. V1rg1n1a 

Dear Mr. Rob1 nson: 

.. . - ... .. ~ 

Jn,...,~ r.,,, 
('" ii ., l \C i1 "' 

•• , I.., ... • ... " 
t.. • •.1 C: 
..... ,•J•" 6 .• i: 

Thank you for your 1 etter of 113 August 1930 concern1 ng the referenced s, t~· 
t1on 1n rlelson County. Hopefully, tills w11l bring you up to date on the ~ 
status of our efforts to resolve this persist~nt problem. 

As you may recall, U.S. Titanium Corporation is the O\'mer of property loca-
ted 1n Piney River, V1rginia on which is located a stockpile of waste matenal 
known as copperas or ferrous sulphate, which was deposited there by a previous 
owner, Arner1can Cyanamid Corporation. The Board has been involved w1 th i.;.s. 
Titanium in a regulatory capacity since 1976 and an enforcement capacity as 
well, since 1977. U.S. Titanium took possess;on of two abandoned m1ne sites 
and the old American Cyanannd plant site in 1976. American Cyanamid had 
operated a titanium dioxide manufacturing plant at Piney River for many years, 
flnally closing its operation in 1971. During its operat1on, American Cyanam1d 
deposited vast amounts of waste copperas adjacent to the Piney River. Pr1or to 
tile closure of tne Piney River Plant, AJT1erican Cyanamid subm1tted to the State 
Water Control Board staff for approval, a propo~al to dispose of the was~E 
copperas by bur1al. ?rior to implemcr.t~ng this disposal plan, however, Mr. S. 
Vance \lilkins bought the property. As part of the sale agreement, ~er1c3n 
Cyanamid PJid llr. Wilkins a sum of 11Dney(SlOO.OilO) w dispose of the waste 
copperas in iiCOrdance with the BoarlJ approved plan. Mr. \~iH.1ns, pnor to 
1mplement111g -the disposal plan, constructed a Board approved no dlscharge fac1l-
1 ty to collect and contain contaminated runoff from the waste co;:iperas p1 le 01 / 
util1Zin9 ii catcluncnt hasin. pumps. and a larger cvclporat1on po11d. This f.:ic1l
ity cl 11111nali.:d Liu.: disch.:JryC! of clc1u1 c runatf elm.I St!CIJcl!JI.: fro10 the co1.1peras 
µ1lc to the river which held pcrsistau s1ntc stockpilin9 was begun by fv11erican 
Cyanamid. l t was l~r. w1 l k; ns' in ten tl on to try to se 11 the waste copper as 
before in~lcncntin9 the approved disposal plan. This proposal \~as cl<Jrccd to 
bf the Board's staff, however, ltr. Wilkins was !Jivcn only until UcccmlJer 1977 
to pursue the opt1on of selling the coppcr.:is. Beyond U1c1t date the Board re
quired tnat the copperas be properly disposed of in an approved manner. In 
the 1ntcr1r1, Mr. Wilkins was required lu 111.iint.iin anu Opl•ralc the 110 dischJri:J~ 
facil1 ties to prevent dischelr~a of con1.u11;natC<J "'aslc.:wat.cr to the J>incy 1!1.cr 
in .JccunJ11111cc w1 Lh a cc:rLi fic..:iLc: 1uu.1.: 0l l1y Liu.: Uu.irl.1. 

100334 
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to contJin ,.unoff fro111 t•1c coppcrds ;.nle. /\lt 11ouyh U1c stdff's: .est•i;a':.:,, 
15 not yct~~o111µlctc, 1t JJ>r>cJrs tl1Jt 11cJ·q rc:i111s on July 10, JJ..;J rc>s•Jl:.::d ·~ 
r·unuff fru111 the cuµµcrJS µ1lc c:rilc.:r•wJ the l'111c:y ll1ver J11d k1ll111y fis/1 111 
both t.ne Piney and T1e Rivers once agJ1n This nost recent flsh kill e}l.e-::;:i: 1-
f1es t:·e ur~ency 1n carrying o..it the approved burial op~r.n1011 Soti : ·e 
Departr.cnt of 'lealth a11d tlic QoJrd l1c:ive Jur1sj1ct1on over all Jspccts of the 
burial oµcrJt1011 J11d proµose ~o enforce t:1e1r .:iµpropriJl<' <luthor1 t; i..ndcr t.~e 
lJw JncJ Ll1<:1 r respccl1vc pc.:ri11 LS Lo L'llSlire ll1JL Llrc coppcrJs 1s Luric:J JS 
cxpedlt1ously JS possible Should t~1c 1nvest19ution currently u11cJerwcly detcr-
1111111" tli.1L US. Ttlcl11ll1111 1-; rLSPu11<:1lil" for the J1Jly 10. l·J:!O f1~h ~ 111, ~ L' 
staff will µroceed to collect from the company replacement costs for the f1s'1 
killed ancJ invest1gat1ve costs 1ncurred by the Com1TXJnwealtr.. Please t:e ac·11sej 
that the company has paid the Conmonwealth rn full for the fish destro;ed as a 
result of the past two fish kills. 

The staff ~11 shes to assure you that the Conmomieal th 1 s doing everythi r.g it 
can to ensure that th1s waste 1s properly disposed of th1s year. You shou;d 
also be assureJ that 1~h1le this waste. due to its acidic nature, is ver1 toxic
to fish, 1t does not appear to represent a llazard to people or w1ldl1fe.LUn
fortunately, the staff must also relay to you that damage to the rlver f~rm 
past dlscnarges of /\merican Cyanam1d and U.S. Tt tanium is long term, and cetJpt te 
our best efforts, it will take the river some years to return to a near nor~al 
condit1on. Once these dlscharges are fully abclted and the river begins to 
recover, the monies collected to replace the fish killed w1ll be available to 
begin a restocking program. 

Should you have any specific questions concerning the copperas disposal program, 
please do not hes1tate to contact r:r. Tedd H. Jett of the State l~ater Control 
Board's Valley Reg1onal Office (703/828-2595}. Mr. Jett is the eng1neer in 
charge of overseeing the Board's responsibility for maintaining the no discharge 
facil1ty. The actual burial of the waste copperas is the responsibility of 
the State Department of Health. Mr. Robert H. Forman, Div1sion of Sol1d and 
Hazardous Wastes Management (703/825-6172} should be contacted relative to the 
Department's responsibilities. 

/jf 

Sincerely. 

R. V. Oavh 
Executive Secretary 

cc: OAT, Richmond 
Bureau of Enforcement, Richmond 
John Butcher, Attorney General's Office 
VRO File •20-1147, 
Mr. Robert II. Forman, R.S. 

Slate Department of llcalth 
01v. of Solid & Hazardous WusLes Management 
102 ~orth Main Street 
Culpeper, VA 22701 

R. Or.1Jlcy Chl'\'lnin!J 
Ju111~s fl.. J.lrcs ton 
r,,.. f t 1 I I 

1003Ju 



Mining Waste NPL Site Summary Report 

Uravan Uranium Mill 
Uravan, Colorado 

U.S. Environmental Protection Agency 
Office of Solid Waste 

June 21, 1991 

FINALDRAFf 

Prepared by: 

Science Applications International Corporation 
Environmental and Health Sciences Group 

7600-A Leesburg Pike 
Falls Church, Virginia 22043 



DISCLAIMER AND ACKNOWLEDGEMENTS 

The mention of company or product names is not to be considered an 
endorsement by the U.S. Government or by the U.S. Environmental 
Protection Agency (EPA). This document was prepared by Science 
Applications International Corporation (SAIC) in partial fulfillment of 
EPA Contract Number 68-W0-0025, Work Assignment Number 20. 
A previous draft of this report was reviewed by Gene Taylor of EPA 
Region VIIl [(303) 293-1640], the Remedial Project Manager for the 
site, whose comments have been incorporated into the report. 



Mining Waste NPL Site Summary Report 

URA VAN URANIUM MILL 

URAVAN,COLORADO 

INTRODUCTION 

This Site Summary Report for the Uravan Uranium Mill is one of a series of reports on mining sites 

on the National Prionues List (NPL). The reports have been prepared to support EPA's mining 

program activities. In general, these reports summarize types of environmental damages and 
associated mtning waste management practices at sites on (or proposed for) the NPL as of February 

11, 1991 (56 Federal Register 5598). This summary report is based on information obtained from 
EPA files and reports and on a review of the summary by the EPA Region VIII Remedial Project 

Manager for the site, Gene Taylor. 

SITE OVERVIEW 

The Uravan Uranium mill complex lS located approximately 90 miles southwest of Grand Junction 

along State Highway 141 in Montrose County, Colorado (see Figure 1). The mill was built at Club 

Mesa, west of the San Miguel River canyon (Reference 1, page 1). 

Standard Chemical Company began radium milling and extraction operations at the site in 1915 and 
shifted to vanadium production in 1928. In 1936, Union Carbide Corporation purchased the 

operation (Reference 2, page 3). Production shifted again in the early 1940's to uranium processing 

(Reference 3, Volume 2, page 2-1; Reference 2, page 3). Operations continued on and off at the 
facility until 1984, when they were suspended (Reference 2, page 1). 

Over the course of its operation, the mill generated and disposed of millions of cubic yards of both 

solid and hquid wastes. These wastes have potentially hazardous concentrations of radioactive 

material (including uramum, radium, and thorium); metals (including selenium, aluminum, arseruc, 

zinc, etc.), and inorganic materials (including ammonia, nitrate, sulfates, etc.). 

Mining, milhng, and waste disposal activities have resulted in: 

• Wind and surface-water dispersal of the tailings materials and the uncontrolled release of radon 
from the Tailings Piles 
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• Seepage of contaminated liquids into soils and ground water from several areas in the mill 
complex and waste disposal areas 

• Concentrations of large quantities of wastes in locations that pose a risk to public health and 
the environment, based on considerations of the potential for release of hazardous materials to 
the environment (Reference 4, page 7). 

Disposal practices included the use of solid waste tailings piles and unlined ponds for liquid waste; 
most waste management areas are located along the San Miguel River. Seepage from these storage 

areas flows toward the river. 

The finely ground nature of the tailings makes them particularly susceptible to dispersion through both 

air and water media. Because of the high potential for dispersion by wind and seepage into the San 
Miguel River, these piles represent a threat to human health at the Uravan site (Reference 2, page 5). 

Other exposure routes threatening the health of human populations include inhalation or consumption 
of contaminated media and consumption of food items that have been previously contaminated 

(Reference 2, page 20). Several small communities and three larger population centers are within 50 
miles of the site (Reference 2, page 23). (According to EPA, the 50 residents of Uravan were moved 
from company residences, beginning in 1985. The buildings were demolished in 1988.) 

A Remedial Action Plan, developed jointly by the State, Union Carbide Corporation, and Umetco, 
describes a 10- to 15-year action schedule for site remediation. The cost of these activities is 

estimated to be over $40 million. Remediation activities may include removal of contammated solids 
and liquids from the area (Reference 1, page 2). 

OPERATING lllSfORY 

Standard Chemical Company began operating the Uravan Mill facility in 1915 to recover uranium, 
vanadium, and radium from mined ores. Ore was received at the Uravan Mill from approximately 60 

different underground mines in the Uravan mineral belt, most of which were withm 35 to 40 miles of 
the mill. Union Carbide bought the facility from Standard Chemical through the U.S. Vanadium 

Company in 1936 and continued to process uranium and radium at the site. While in operation, the 
mill processed approximately 1,000 tons of ore per day (Reference 2, page 3). 

Stockpiled ore was crushed, ground, and then processed onsite. Processing at the mill included bot, 

strong acid leaching in a two-stage circuit followed by the recovery of pregnant solutions in 

3 
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The principal waste management areas onsite and in associated areas are: 

• Atkinson Creek CQ'stal Disposal Area - Unlined storage pit along the San Miguel River 
containing 200,000 cubic yards of raffinate crystals (Reference 3, Volume 2, page 2-27). 

• Oub Ranch Ponds - Six unlined ponds covering 32 acres located along the San Miguel River 
that contain 30 million gallons of liquid raffinate and 560,000 cubic yards of raffinate crystals. 

• River Ponds - Seven unlined ponds constructed in old tadings piles containing 200,000 cubic 
yards of neutralized mill sludge and contaminated soils. The seven ponds are located along 
both sides of the San Miguel River. These were used as holding areas for liquid waste 
collected in the mill area before they were discharged into the San Miguel River (Reference 3, 
Volume 2, page 2-30). 

• Tailings Piles - About 10 million tons of mill tailings contained in three piles (at two sites) that 
are located on the Club Mesa, 400 feet above and west of the mill site. 

• Club Mesa Area - Disposal area on Club Mesa consisting of two clay-lined sludge storage 
areas, storage ponds, raffinate spray evaporation area, and associated contaminated soils; 
contains 250,000 cubic yards of raffinate crystals, 150,000 cubic yards of neutralized sludge, 
40,000 cubic yards of contammated pond material, and 44,000 cubic yards of contaminated 
soil. 

• Plant Areas - Two plant locations with surficial contamination including containment structures, 
ore stockpile area, equipment and auxiliary wastes, and heap leach sites containing 15,000 tons 
of ore. 

• Town and Adjacent Areas - Several small communities and three larger population centers 
located along the San Miguel River are within 50 miles of the site (Reference 2, page 23). Old 
tailings and contammated soll have been found in these areas (Reference 2, page 6). 

SITE CHARACTERIZATION 

Potential transport mechanisms for each contaminant source are summarized in Table 2. Below is a 

discussion of media contaminated by these mechanisms. 

5 
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TABLE 3. GROUND-WATER QUALITY ATURAVAN COMPARING 
GROUND-WATER SAMPLE RESULTS FOR CRP-4 (BACKGROUND 
WELL) AND CRP-2 (CONTAMINATED WELL) 

nrameter 
Uatc 

Sample Type 

Top Casing Elev 

B Casing Elev. 

Phreatic Elev. 

Temp. 

Cond @ 2.5° C 

pH 

TDS 

Sol. Sulfates 

Sol. Cblondes 

Sol. Sodwm 

Sol. Cak:1um 

Sol. Potasswm 

Sol Nitntc/N 

Sol N rtratc/N 

Sol Ammorua 

Sol Zinc 

Sol. Selenium 

Sol Magnesium 

Sol. Manganese 

Sol Iron 

Sol Carbonate 

Sol. Bicarbonate 

Sol U-Nat 

Sol Th-230 

Sol. Ra-226 

Sol. Pb-210 

Sol. Po-210 

Zinc1 

Copper 
Arscruc1 

Mcrcury1 

Cadnuum1 

Chronuum1 

Lead. 

Silver 

LLD = Lo~ Luruts of Ddcctwn 
pC/l = pico Cunes per ht.er 

UDitS 

feet 

feet 

feet 

c 
umhos 

Uruts 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

pCJl 

pCll 

pCll 

pCl1 

pC/l 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

mg/I 

1CRP-2 sample 10/6183, CRP-4 sample 10/S/83 

Source. Refcn:nce 4, page 90 

CKP-2 
ll/ 1:)/114 

Pumped 
4941 980 

4891 980 
4927.880 

14 

17,136 

6.64 

27,090 

18,560 

1,420 

783 

494 

378 

002 

2 

1,610 

0 208 

<0250 

1,202 

663 

26.8 

<1 

1,960 

470 

0 20±0 so 
2 40±0 .so 
0 40±0 90 

0 10±0 60 

0 63 

007 

<0 01 

<0 0003 

<0 01 

<0.01 

<0 01 

<0 01 

9 

CRP-4 LLD's 
lU/llS/114 

Pumped 

4995 650 0 001 

493.S 650 0001 

4959 9.50 0 001 

14 -2 000 

365 10 000 

7 SB 0 100 

272 10 000 

28 10 000 

4 10 000 

19 6 0 100 

4S 4 10 000 

10 1 0 100 

<0.02 0 100 

<004 0 100 

02 1 000 

<002 0020 

<0.01 0 010 

221 0 100 

0.028 0 oso 
0 0.59 0 02.5 

<1 1.000 

258 1000 

<3 0200 

000±0 40 3 100 

1.10±0 40 0 310 

13 00±2 00 4 800 

--0 OS±0.90 1.000 

<0 01 0.01 

<0 01 0.01 

<0 01 0.01 

<0 0003 0.0003 

<0 01 0 01 

<0.01 0.01 

<0 01 0.01 

<0 01 0.01 
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It is conservatively estimated that contaminated soil erosion accounts for the following contamination 

in the river, although S-:eP water from tailings piles and ponds was also observed to be contaminating 
the River system: 

• 2.6 to 543 grams per acre per year (g/a-y) of arsenic 

• 2.4 to 17 g/a-y of lead 

• 0.2 to 0.9 g/a-y of cadmium 

• 4.6 grams to 34.6 kilograms/acre-year of vanadium 

• 8.4 to 729 (g/a-y) of zinc (Reference 3, Volume 1, page 5-40). 

Analyses of seep water, precipitates, and dry wash alluvium from the general area of the mill indicate 
that these are the likely sources of contamination to the San Miguel and Dolores River ecosystems. 
Contaminants found in these were elevated; they were also the same as those found in the ecosystem 

and in sources such as tailings, raffinate storage areas, and onsite soils (Reference 3, Volume 1, page 
2-5). 

Healthy communities of algae and macroinvertebrates were found in the San Miguel River 

downstream of the facility, despite high concentrations of metals in their systems. Although fish 
populations were not sampled, water quality in the area is below the State of Colorado's standards for 

fish, due to the presence of contammants (Reference 3, Volume 1, page 2-5). Studies conducted as 
early as the 1950's noted poor water quality in the area. Incidences of oil patches, high levels of 
suspended solids, high water turbidity, and reduced fish catches were pointed out by previous 
researchers, including Tsivoglou (1955) and Nolting (1956) (Reference 3, Volume 2, page 5-90). 

Air contamination at the Uravan site was not addressed in the Remedial Action Plan. However, 
provisions for monitoring for radioactive particles durmg and after site reclamation are discussed. 

11 
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TABLES. EXPOSURE ROU'l'ES TO HUMAN POPULATION FROM 
CONTAMINANTS AT THE URA VAN SITE 

Indirect Exposure Routes 

1. Inhalation of radon gas and both radiologically and nonradiologically contaminated dusts 
which become airborne. 

2. Ingestion of contaminated sediments and soils. 

3. Consumption of surface water. 

4. Consumption of well water. 

Indirect Exposure Routes 

1. Consumption of fish from San Miguel or Dolores River. 

2. Consumption of produce from private garden harvests. 

3. Consumption of milk from dairy cows. 

4. Consumption of meat from livestock 

Source: Reference 2 

vegetation. These contaminants will bioaccumulate as a result of consumption by either animals or 

humans that are primary or secondary consumers. The high dispersion of contaminants in the area is 
attributed to wind transport of contaminated particles (Reference 3, Volume 1, page 2-3 and 2-4) 

REMEDIAL ACTIONS AND COSTS 

On December 9, 1983, the State of Colorado brought suit against both Umon Carbide Corporation 

and Umetco for response costs and natural resources damage under the Comprehensive Environmental 

Response, Compensation, and Liability Act (Reference 1, page 1). Specifically, Union Carbide 

Corporation and Umetco were required to pay between $3.S and $4.0 million to the State of Colorado 

over a 7-year period. This fine included a reimbursement of the State for fees accumulated as a result 

of its prosecution of Union Carbide Corporation/Umetco and its future oversight of the Uravan 

facility, as well as compensation for damage to the State's natural resources as a result of the Uravan 
facility. Union Carbide Corporation/Umetco were also required to give a 200-acre ($80,000) pristine 

area to the State for use as a natural area by the people of Colorado, and $388,000 of senior water 

nghts on the San Miguel River to the State and a water trust (Reference l, page 4). Union Carbide 

Corporation/Umetco have also agreed to donate a part of the Uravan facility to act as a low-level 

13 
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EXE:c::trrIVE SOMMARY OF THE REMEDIAL ACTION PLAN AND CONSENT OEC:~!:E 

STATE or COLORADO v. ONION CARBIDE CORPORATION AND 
ma:TCO MINERALS CORPORATION, 83C2384 

Ometco's Oravan uranium-vanadiwa mine and mill complex is 
located approximately ninety (90) miles southwest of Grand Junc
tion along State Highway 141. The facilities occupy a portion ct 
Club Mesa, to the we•t of the San Miguel River canyon and the 
river canyon floor. During its seventy (70) years of operation 
the facility ha• processed millions of tons of ore and dispcsed 
of million• of cubic yards of solid and liquid vastes. waste 
disposal practices have resulted· in wind and water dispersal ot 
contaminated solids (tailings) and liquids (mill process wastes 
and seepage) from the disposal are••· Th••• solid and liquid 
vast•• contain baaardous concentrations of radioactive material 
(uranium, radium, and thorium), heavy metal• <••l•nium, aluminum, 
arsenic, cadmium, zinc and others) and inorganic contaminants 
(ammonia, nitrate, •ulfat•• and others). 

I. TU REMm)IAL ACTION PLAN 

Prompted by an awaren••• of Oravan'a impact on the natural 
resources of the state, 199al action waa brought against Onion 
carbide Corporation (OCC) and Olletco Mineral• Corporation 
(Ollletco) by the State of Colorado tor re1pon1e costs and natural 
resource damages purauant to the Comprehensive Environmental 
Response, Coapena.cion, and Liability Act of 1980 <•C!JlCLA•), 
which is also known aa •superfund.• Th• state's pleadings also 
contained causes of action under COlorado law for nuisance, 
n99ligence, and 1trict liability in tort. 

Repreaentativea of the state, occ, and t:Jmetco, together 
with their ezpert conaultants and counsel, b99an meeting in March 
1915 to develop a prograa !or environmental clean-~p at th• 
aravan Pacility. fhe product of th••• len9thy n99otiations is a 
350 page docwaent entitled •••medial Action Plan• (RAP). Th• RAP 
containa a 12-15 year 1ctledule of remedial actiona. The cost ct 
the reaedul pr09ru, u ••timated by detendanta, ezceed1 $40 
million. 



Stipulated penalties in th• amcunt of s2soo-s10,ooo per day 
are impo•ed for environmentally sensitive violation• of the RA.P, 
vnich are: ~ discnar9• to surface water or ground water, and the 
failure to notify th• state of such actual or threatened dis
ch.Ar9es. (See the disc:tJssion of this subject as an inncvation 
in Part III Si'I'ov.) 

o. Dispute Resolution. 

The defendants shall pay the state's reasonable costs for 
adjudication of disputes unless the state's pcsition was unrea
sonably taken or maintained. 

E. Response Co•ts, Natural Resource oama9es, and 
Contributions. 

$3.5-$4.0 million will be received by the state from 
OCC/Olletco durin9 th• next 7 years. The cash payments are allo
cated in such a way as to reim!)urse the General Fund for expendi
tures made in prc••CtJtion cf this matter, to pay the costs of the 
state's future oversight at the Oravan Facility, and to compen- · 
sate the state by a dam&;• award fer injury to its natural 
rescurce1. Additionally, defendants are transferring a 200 acre 
parcel of pristine land to the state for preservation as a Natu
ral Area, valued by defendants at $80,000. Moreover, the defen
dants will convey to tbe state and to a water tru1t certain 
senior water rights on the San Miguel River, b&vinq an approxi
mate value of $388,000. Pinally, the defendants have a9reed to 
make a portion of the Oravan Facility available for dispcsal of 
low-level radioactive v .. t•• from the Denver Radium Sit• and Col
orado School of Min••· It mu.t be eaph&siaed, however, that this 
part of t!l• agreement i• only an option from the 1tate's perspec
tivei the public will bave an opportun~ty to comment on the dis
po•al location of th••• vast• materials once a sit• is actually 
selected ~Y the state. 

P. Subseguen,t Bnactments. 

Any 1ub•equent statutory enactment• or promul9ations of 
r9911lationa will beccma inco~rated only ie they are determined 
to b• applicable and their inclu•ion i• deemed appropriate by the 
Special llaster and/or o.s. District Court. 

a. l•l•a•• and R!Cp!n•rs. 

Th• mutual releaae between tbe parties extends to civil 
liability !or all environmental claima ari1in9 out of th• fac:~al 
circ:umatanc•• of this ca••· The rel•••• will not apply in the 
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Umeteo Minerals Corporation (Umetco), a subsidiary of Union caro1de 
Corporation (tJCC), has operated a uranium mill and tailings d1sposal 
site at Uravan lll MOntrose County, Colorado. Hilling and extraction 
ope:atio115 for radiL:m first started at this s1te in 1915, and cont:.n~ed 
more recently for vanad1um and uranium extraction unt1l late 1984; since 
t!':e.., O?e:ations at the mill have been tE!!T;)Orarily suspended. e>;>erat:.o:-s 
at t!':e uravan site have resulted in the disposal of a large c;uan::.:y cf 
~:.l::.r.g, rad1onuclide ex:ract:.on, and other wastes at the si:e. ~ese 

wastes consist of m~ll ta1l1ngs, and raffinate as l1qu1d and c:ystals. 
During active operations air em1ss1ons occur from ore c:ushi..,;, ~:.::~~;. 

:netals extraction and yellowcake prepa:at1on. The wastes contain ~a:e:
:.als, ?rlm1r1ly metals and radionuclides, which in h1gh concent:at:.or.s 
a..,d large amounts can c:onstit-.:te a hazard to the health and wel!are c: 
h:.:nan populat1ons. 

This assessment for the Uravan s1te presents the results of a ::;-..;al:.:a

t:.ve human health usk analysis. Th1s risk analysis determ!nes the 
source of contaminants by types and characteristic, loc:at1on and amocn~, 

- and an evaluation of hi.MW\ health effects. The hazards posed f:om t!':e 
co.-it~.ir.ants are evaluated for the potential to release contr..inar.:s, 
and the path'Jays and transport mecharusrns for the contam.uiants after 
:elease. Hu:ran populat1ons at risk f rcm the released contaml!".ar.ts a:e 
deternu.ned from the location, nUITt>ers, habits and resource uses :..., t:te 
region aroW'ld the site. The final step in the risk analysis is to 
estl.IT\&te the likelihood and extent of health effects based on t.'ie pot~
t:.al ror exposure and dose to the population at risk. 

This potential health risk will be assessed using three tlJTle refe:e!"ces. 
The first time reference ass\.l:leS the present conditl.ons at the site 
exist into an indefinite time frame and no rllllediation occurs. The 

second ref ,rence examines risks durlll9 the period of active s1te 
r~iat1on which is ~ed co occur from lS87 W'ltll approxiJrately t!"!e 
year 2005. The third time frame .is post renediation, with health risks 
assessed in the short-terni (for 200 years) and long-term (beyond 200 

yearsl. 
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var.adll..1!\ :.~ t."le tetravalent state. The ion exchange elro.::.:. 1-::.:.:.z~ 

fixed-bed ion exc!lan9e colun'l'ls. 

Uran11.:11~rren sol~t1on from the ion exchange passed to the vanad1:.:n 
recovery .c:.reuit, and after the vanad1um was extracted, to final dispos
al by evaporat1on i.n ponds dispersed apart from the regular tailings 
d:.sposal area. ?regnant solut~on containing about 20 grams of uran1.J.""1 
per liter passed to t."le precipitation circuit. 

In order to precipitate the uranium, prf!9nant solut:.on was fed t.~:o~;~ 

tanks in series and heat~ by direct steam l.nJect1on to a.bout l200c. 

Anm:ln1a was added to the t\JO tanks, t."le precipitated yellow cake sl.;::"J 
was thickened, and the overflow solution passed through f~ter presses 
to recover any fine product. Filter cake was repulped and fed to a 

r.iult1ple-hearth sklMer roaster. The dry yellow cake was loaded llito 

dr~ using an automatic device to sh1Jt off feed when the drl.ITI was 
filled. 

3.1.4 Tailings and rafflnate disposal 
- Plmt tailings trom the thickener circuit were p.m;>ed to either of t·.;o 
avill~le tailings areas Alternately to allow settling and rec:ovecy o: 
solut1or.s for return to the plant. The tailings ponds a:e located on a 

h1llsice on Club Mesa adjacent to the mill and are sor.u!'#hat llJl\:.tee :.r. 

size. ~ of late 1984, the taillngs area enccmpassed approxurately 8~ 
acres containing an estl!Mted 10 million tens of tailings. The Orava.., 

Mill site ccnstitutes a large uranium mill tailings disposal reposl'!ory. 
Consequ~tly, the radiological and ncn-radiological contaminants in :!'le 

tailings area represent the source or ori9in of the greatest potential 
health hazard associated with the t.Jravan ~till CPDLS 1984). nie ta:l
inss materials are finely ground, acidic and retain metallic and racic
ac:1ve c:cntminants in a mobile state. The tailings iratenal dso 
retained !41te liquids within the tailings piles. Raffinate is the 
waste liquid frcm the nulling and extraction process, and contai.ns 
a.•:11auum-al.IJllW\\ll'I salts, with dissolved eleMnts from the ore and spent 
reagents from the proc:esa. Two principal areas were used tar disposal 
of this lic;1Jid: stor19e ponds in the 5an Miguel JUver Valley and an 
eva;xirat1on spray aru on Club Mesa. Ratfinate crystals, a solid 
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3. R:ve: ?ones. Seve:i ur.lined ponds const:ucted in old tall.:.ngs pi;. es 

containing 200,000 cubic yards of mill wastes and contaminated soils 
that are located along both sides of the San Miguel River. 

4. Tailinas piles. About 10,000,000 tons of mill tailings waste con

tained in three piles in two sites that are located on Club Mesa 400 
feet above and west of the mill site. 

5. Clu:> Mesa area. Disposal area on Club Mesa consisti...""lg of two clay 

lined sludge storage areas, storage ponds, raf:ina~e spray evapora

tion area and associated contaminated soils; contains 250,000 cubic 

ya:ds of raf!inate crystals, 150,000 cubic yards of neutralized 

slucge, 40,000 cubic yards of contaminated pond !T'aterial ar.d 44,00C 

c.lbic yards of conta.~inated soil. 

6. Mill areas. 'IWo plant locations with surficial conta-ru.nation; con

tain structures, ore stockpil~ area, equip'Tle.""\t and ancilla:y wastes; 

heap leach site containing 15,000 tons of ore. 

7. '!'0\-'!": a!".d ac'hacent areas. !.pcated along San l1iguel River in valley 

nort::.West of mill; contain old tailL""lgs and contar.u.""lated soil. 

3. 4 TOXICITY EVALUATION 

- Data for various locations at the Uravan site, (Tables 3.1 thro~g~ 3.3), 

incicate the prese.'1ce of both non-radiological and radiologlcal co~ta-:

na.'1tS. Table 3. l (GeoTrans/ERI l986b) lists the chemical cor.pos:.t:on c: 

solid waste materials from several source locatlons. Table 3.2 lists 
t~e c~e::U.cal con;iosition of liquid wastes onsite and contai-ru.nated gro~-=

~ater cei:piled fro~ historical and current data (C-eoTrans/ERI 19B6al. 

Table 3.3 lS a surnr.ary of concentration of materials in water seepage 

that h~s been conta.ili.nated with tailings solution and raffinate seepag~. 

The non-radiological and metallic conta'!IU1ants are discussed in Sectic~ 

3. ~ .1. 

Due to the locations of the contaminants, potential hazards exist via 

SU!i?e-ided particulates as a result J)f windblown releases frOr.1 the 

extensive tailings pile area, from the ore pad or storage area, and vla 

liquid releases from the tailings ponds. Consequently, it is necessa:y 

to evaluate the toxicity of the contaminants in order to assess poten~

ial health risk.s. The following toxicological data were obtained 

pr:r.~:ily frorn the following sources: casare~t and Doull's 7oxicolcs-y 
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1s also a ?=SS:.!::a.!.:.:y. The r:oc.ential for l.:."Jestock to rece.:.·,..e a s-::.
c1er:t dose to pose a health threat to hlr.'l!ns eating meat IJl"lder present 

levels is lOJ and will remun low dunng resnediation provided livestock 
is exc:l~ded frc:m contaminated areas on s1te. After renediation, the 
long-:arige risks w1ll remain low unless heav1ly contaminated groW"!dwater 
reach~~ the surface as seeps which, in turn, are then used to wate: th~ 
lives:oc:k. In a study of cattle and sheep which drank water c:on:a.~:.:i

a:ed !:::rn a ura.-:1um mine, elevated levels of Pb-210 ar.d ?o-210 (up :o 

;:o ;ci/kgl were measured in the liver and kid."'ley tissue o! t~e ca:::e 
(~::e~.ber, et al 1984). 

Du::..-:; the remed:.ation period, the w.2 (1986) specifies cra1nage c;.·1e:

s1on c1t::.~es and surface runoff control structures for tra;:ip1:ig sedi:ne-:: 
on all the r.-ajor facilities being teele.iJned during this period. In acc;.
t1on, dewatering wells will be installed in groundweter zones prev1ously 
con:am1:iated by seepage on Club Mesa and in the San Miquel RJ.ver Val!ev. 

'!'his c:or.taminated water will be evaporated or treated. Also dur:.."'lg the 
remediation period, quality control, and perfomance evaluation will 
diree: construction and cleanup activities, and will be used to ins~re 
effec:::.veness of the design and engineering. 

!n :his qualitative estJ.Jrate of the health nsk involved in this· :!r"e::a

t1on p:cqrams, it is ass11T18d =.hat desi;n and engineering spee1f~::a:1c~s. 
r~ .. ared to be developed by the AAP (1986) are adequate to control ::ie 

hau:~ous rr.!ten!ls ons1te. It u further ass\11\f!d that the c:onu:.~.'lle~: 

fac1l1:1es are constructed and perform as designed. 

5. 0 ?O?UI.ATION A': RISK 

5. l !iJMAN COfMJNI~ AT UP.AVAN 

Since the closing of the Uravan Hil~, the population of Uraven has 

C!CrtUed f tOCI 497 in 1984 to approx1Ntely 50 at the preser.: time. :"':':e 

curren: po;:iulation consists of 40 family meneers end 10 s1n9le construc
tion workers C.1rne l9e6). It 1s assumed that this population will 
1nerea~~ periodically to approxlJNltely 100 persons durinc; the remedia
tion process. 'n\ereafter, the pcpulation wculd then decrHM to a 

rr~in:enuice crew of around five persons end eventually the Sl.te w1ll be 

serv~ced frc:m Gr~"ld Juncucn. niere is also the possibility that the 
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~.azarc :~ ~i:.a.r.s. :n t:.:ne, the ll'CVernent of these contanu.:"lated :'Mte::.als 
into ria:hways and subsequent exposure to ht:nan will reach a low equ.:.l1-
b:ii.:"' s~te which in the long-tern1 risk should be insi9T1if1cant. 

:n :~~ !on;-te~, the two containment structures, the tail1ngs piles and 
the 3~:=atik Quar:y, will retrain onsite as low risks. 'n'!is is d~e to the 
la:~e a-o~~:s of :on:aminated materials, both radioactive and ~etals, 

c:ntained ln them. 'n1e condit1ons, in particularly the tailir:;s ?:.:es, 
will r:>ermit the slow movement of toxic metals and radionucl:.:es in:~ 

S\;r:oi.;:id.:.::g media. The taili.ngs piles will renain acidic so t.-:a: r:-.e:a::.s 

1.1:.ll ~ :.."I a soluble s<:ate, and an unlined foundat:.on 1.1:.!l allow a ::ow 
rate of seepage ir:to grou."'ICl.rate::. There is also the low pC'o~:.ll:y 
that erosion processes may cause a breach in the slopes, causing a 
release cf solid tailings into Hier09lyphic canyon or the San M1~~el 
~ver. 

In sl.r.l'i\a:y, the overall potential risks to hlm\&n health :.s moee:a:e i: 
p:eser:t conditions at the Uravan site were to be rraintained. If i.:n:emed-

- ia:.ee, the probability under present ecnditions of !rt eventual failure 
with a."'I ensu~"lg signif iea."lt release to the environr.ient is high a."ld :::e 

risk to h1.:".a."'I health moderate due to a small population actually at ::.sk 
in the a:ea. Du:ing the short lS to 20 year period of remedial ac:.:.v:.
ties, r.:.sks are sl19htly higher due to transpo:t and placement of 
conta.~~::ated materials, and to open exposed surfaces. In t.~e sho::-:e:T:: 
foll0'-'1ng re:ned1ation, low level~ of risk may exist from residual eonta
nunatt-<.l sur!ac:l!S i:r:d groundwater. In the long-term, the two contaime..,t 
st:uc: ... res, the tailinc;s piles anc1 the Burbank Quarry, will rera1n a low 
risk potenti~l due to the chenuc:al and ;>ttysical charac:teri!t!cs of the 
wastes. ancl to their somewhat expos~ topoc;raphic position on Cll.:b ~iesa. 
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relat1onsl'l1ps oetween dlstanc:e from the Uravan mt11 site and soil 

contam1nant c:onc:entrat1 ons for arsenic:, barium, c:ada11um, i ead, nickel , 

vanadTum, z1nc:, and gross bet.J in tne ENE sector, for barium, cadllnum, iead, 

vc1nad11.1m, c1nd zinc in the NNW sector, ~or arsenic:, c:adm1u:n, nickel, 

vc1nad11..m, ana zinc: in t!'te llNW sector, and various c:omo1nations of one :o 

four :netals i., the other ffve sectors. S1gn1fic:ant inverse rela:ionsni;:s 

::ieto1een distance and vanadium c:onc:entr~t1on exist fer a11 se:::'"'i. 

Regression analyses also indicated s19nific:ant inverse relationsn1ps oe:~ee~ 

distance along the river valley from the mill and soil c:onc:entrations f:r-

Cd, Pb, v, and gross alpna 1n river benc:n soils. The most wiaespreaa 

cont.u11nant ts vanadium. Further analyses indicate that the Uravan mil 1 has 

nad a greater effect on soil c:oncentrat1ons of tl'lese contaminants tnan 

geologic: parent material or mTne work1n9s 1n the area. 

WidtsPr"Hd soil c:ontam1nat1on on tl'le mesa tops 1s inferr"td t.J :ie :"le 

result of c:ontu11nant transport by winds ref1ect1n9 reg1onal wind 'at:: .. .,s. 

The effect of 1 oc:al valley w1nd patterns and strong 1nversions is ref1 ec: :ec 

1n soil contam1nat1on of bench ancs r1pa,.ian soils. 

So1l c:onta11fn1tfon aaove levels known to be to11c to plants extenas to 

a d1stanc1 of 7000 f11t from ttle Uravan mill site. Concentrations of 

contaunants fn sofl at l1v11s aaovt ~ckground were detected to a dlStanc:e 

of 28,000 fett f'l"Cll tlll sftt (po1nU of fartllt!t data c:o11ec:t1on). !t is 

inferr"ed tnlt 1n artu wt11r1 soi 1 c:ontam1nat1on 1 evel s exceed levels toxic 

to v1g1t1t1on tlllt plants w111 utl1b1t tox1c: symptoms and reauced 

produc:tfvfty. It 1s also 1nftrrld that tn1 v1g1tatfon w1ll c:onta1n elevated 

levels of mttals and rad 1onuc11au ISUI to incr11Hd uposurt 1n contaminatec 

ar11s. Data fro put studies (Sec:tfon 4.2.2 fn Volume II of trt1s repo,.tJ 
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:ai:mium, lua ana nicKel in saaiments snowed lar;e increases i!a;acent :.:i :·e 

Club Rancn Penas. 

':'lac:ro1nvertebra:es wer! founa 1n tne San /'11;uel River upstream ana 

jownstream of !Jravan. Concentrations of metai s in tnese organis:ns wer! 

'li;ner aownstr!am of Uri!van in tne San M1guel River t"lan upstream. '."·ese 

include cadmium, copper, nick.el. zinc, aluminum, silver, luc:. vi!nao1 .... ~. !'l: 

strontium. ihesa increues inaica:e that sources of contaminan:s :.:i :"e Sai 

11i;uel River oc:ur at uravan and tnat bioaccwnulation of t!'lese 1s :a~·"; 

place in tne aquatic organisms. Increases 1n most of :nese same 

contam1nants were noted 1n the Oolores Rtver or;anu:ns downstream from ::-e 

conf1 uence wttn tne San M1gue1 R1ver. Mac:rcnnvertebrate denstties ocser1e<1 

1n tnu study indicate dramatically 1mproved env1ronmetal conaitions over 

tnose 1n tne l960's and early l970's wl'len macro1nvertebrates densities were 

extreme 1 y 1.:iw. 

Ffsl'I pepulat1ons were not assessed for ttns stucsy. Wat.er samcl es 

collected 1n tne San M1gu1l R1ver 1n and below Uravan contatned leve1s of 

alum1num. cadanum. copper. lead, silver. and z1nc tMt uceedea tne exis:1n9 

State of Colorado standal"ds for,f1sl'I. Alumuum •U found to exceed 

standards for tn1 1nt1r1 rtg1on of r1ver from Just b1low Nltur1ta to the 

con fl u1nc:1 w1 tft U1 Dolores Rh1r. 

Analysts of HIP .. ti,., prec:1p1tat11 and dry -asn alluv1um 1na1cne 

tnat tt1111 art ttll l t k1l1 sources of contam1nat1on to trie San Mtguel ana 

Ool ores R1vtr ecosystHs. Cont.1ain1nts found tn ttltst wer1 elevated ana 

wer1 the 11111 u those found 1n ttlt 1c:os1ste &nd tn sources such as 

tatl1ngs, raff1n1t1 storage 1r11s and on-s1tt soils. D1rec:t releases of 

conUll1natld -attr from thl Club Ranch and R1v1r Pones tnto tl'lt San M1guel 

R1v1r were also 0011rvld and s.•plld by ERI during tht study. 
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o;:iera::cn ..as closed in ~gzz. 

:n :gzg, a sucsidiary of :.:nion t:.!r:n::e Cor::orat1c:i, ..:.5. :a:":a:·-~ 

and radi:..m were aucar:ed 1n :ne :a1l ings material. :n :935, :.i.s. / ll"" ll.. -- ....... 
~ui:: a new m1il ana estacl:sned ':l'le town of UraHn :o ::r:v·i:e ~ous•ni; -: .. 

.. or11.ers. 

:n t!'le early :940's, tne U.S. ~rmy CQr;:s of ~n91neers ::ei;an ::r:cess~-; 

:l'le d 1 sc:araed ta 11 ings for recovery of uran11m1 for :11e ~annat:an ?r~J e::. 

ihu ;:iroc:ess1ng continued unt1l 1945 "'"en tlle marut for uranium cecl ine~ 

anc tne mill was closed. The m111 reopened in 1948 ~ ;irecuce uran·..rn .·ce'" 

a ~ad1oac:tive Materials License iss.ied by :ne Atomic: Ener;y ~111T11ss::n. 

:n ~356, union :aro1ae adaea a solvent extrac:':~on ::recess ":lr d'I~:: .::i 

:o :ne uran1U111 proc:ess. The m111 cont~nuaa to pr.ic:ess cru "or ~ran·.m il"C 

1anaa1:.a unt1l it sl'lut aown 1n Nonmoer 1984 (Oames anc ~oore ,;;3, =~_::.s 

7he ore proc:esstd at tl'le ur1v1n :11111 conta1ned .lS to a.zs: u3o3 a"c .~ 

to z: ·1 205 (Fischer ind H11pef't 1952). Other components of tl'le ore 1ncLce-: 

clays, undstone, 11mes:one, snale, and uiall amounts cf :;r·:e. 

molyt1den1u, and c:ol)per :111neral s (Momtn1 l~Sl). ~eagents ..isea ir'I :·e 

various mill l)l"OC:HHS 1nc:ludR sulfur1c: ac:1a, anhydrous amonia, s~c· .. ::i 

cl'llorate, llyarogtn l)ertn1de, tertiary am1nt, sulf1tes, ~ari1m1 chlorice. s:ca 

ash, ~le:~. Polyca, and kerosene (Oamu ana Moore 1978). Raa1onuc! ·:es 

prese:it 1n the ore 1nc:lud1 racon ;as, rad11.111, tnor1um, polonium, 1eac 1-c 

ot~ers in the uranium-238 Gtc:ay series (Figure 2.l·l). 

2· -



C.Jn:ent " Co:i.:e:i.t ~ .. . 
?1:-a:e:e:- '.:i!"l' 3as1s ?a:-a::e~e: !:) :"' 3as:.s 

:::C3 0.0002 c:. o.::6 - o . .:J 
·1:05 O.OOJ SC4 zs - .. o 
'fH3 3 - 12 c O.C9 - ~ -· 
~zO ll - 36 :-:g <O.OCCl 
~ 

. , 

.... 0 - S.5 C..: C • .JC: - """' ........ 
..I• ... _:i 

:e 0.02 - o • .:.s ?':l Sd 
Sa 0.01 - o.:.J ~o o.ccc.:. 
Ca o.oos - o. :?2 ~ O.J:!6 
~ <0.0001 Z::i o.1cs 
s:. o.:os - O.C6 -· .ocs ·-!.. <0.5 S: o. :o; 
C: 0 • .:02 - O.CC;" Si o • .:: 
::-ga:!c Q.J: Co J.C2 
:?..i-::s 1,;" .J4 ?C:.,'g C.J :id' a) 

(a) ~d • ~ot detec::a.ble. 



2.s ~·'='" 'c~cs --
7ie ~11!'" ?':>r'CS 1nc1ucie seve'I 1::i:ioi..r.c:::en:s :ocia:a~ along ::-:e Sian "'1;.e· 

... ~,. .. 

;;r1or to aiscnarge 1n~ t!'le San ."t1guel R1ver. 7he :~ ;:ionas on :-:e o:;:cs~ :: 

s1~e of :~e river have ::>een usea :o s:ore neutral 1zee1 sl.iage ;:r1or :: 

ats;iosal on Ciuc Mesa. I: has :ieen est1ma:ec t!'lat UIOut 200.=00 c.101c 1ar-:s 

of conur111nataa !Uterul ts :onta1ned 1n the 1h.,er ?onds (C:ien anc 

Assoc1a:as. :;aJJ. 

~ive"' :ielcw ::ie level of ::ie ;:otentul maximum flooa :::ien iana Ass.:c·~::s 

::mcounas t:J enter tr11 San M1guel R1ver system. ihts per1oa1c loaa:ng -::a1 

!lllount t:J a substant141 fnput. 

Z.3 ~::u1a ~111 Effluents ------ - ------
i..l~u1a afsc1targ1 frcm t.-it 11111 !las oc:c:urr~ at several points 1nc~~a·i; 

3 ;:ier:ntt:ed auc11arg1 1101nu. :ne sewage ;:ilant outfall. see;:iage frcm :-e 

Clue Ranc:l'I Ponds and ta1l1ngs ponds and a numD"'r of' :iroc:ess solution s;i1;·s 

( ?£!.RS l 384} • 
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Reference 4 

Excerpts From Remedial Action Plan, 

State or Colorado vs. Union Carbide Corporation and 

Umetco Minerals Corporation (83C2384); Author Not Provided; 1986 



Scace of Colorado vs. 
Union C~rbid• Corporacion and 

Umecco Minerals Cor;iorac•on 
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~· reqional q:oc\UUl water hydroqeoloc;y ot th• Cravan a:ea 

~•• =•en de•cr~ecl in •tudi•• done tor Onion car=id• by :ame• 

and Moore (l918), Il\ta:national !nqin••rinq coa~a.ny (:98l) a~~ 

tnvi:oloqic: Sy•t ... , Inc. (1983~). Th••• reports 24Y =• 
rater:ed to for additional diacua•ion. :hia •WIJl&rf ~~=~~c•s a 

~••c:ription of watar•baarinq zone•, aquita~ or ccnti~~~q 

layers, and their c:h&rac:teri•tic• and interrelationships ar.d. 

d:'ava upon th• qaoloqic: deac:riptioft8 qiven in Section 2.J. 

Aquitan in th• Oravan aru are qenerallf liaitad w ~• 
~yd:a•trati;rapllic: unita vhids have auttic:iant permeability ~~ 

t:~t qrouncl vatar. Thu• sandatona Wlita qenarally ~ave 

vari&Dl• p~ilitiu d.u• to f%ain •iza, trae"tUrinq, scr'!~~q 

ancl saconclary caantinq. Grcuncl vatar in ~· nqion 1• 

t:anaittd. via sac:ond•ry (joint) pana&Dility and pra&r[ 

c intar;nnulu) puuallilJ.ty. _:Secondary panauility i."1 th• 

~ion tanda to be cU.nc:tional and !li;bly vuiUla. Kuczoic 

ronaationa c:a,Ul• of t:anai=1JMJ vatar in econaaic: aaoun-ea 

include the ~ and Burro c:&nyon ronaationm, ~· Salt wash. 

mal:ler of the Korriaon ronation, and th• !ntrada, byenta, ar.d. 

Winqaca s~u (Pi;ar• 2.3•1). Ka•oaoic: strata vhich are 

not cap&lll• of tn.nai~ vatar in ec:oncmic: uounu and whi:!'t 

ara tharatora comidand aquitarda inc:lw!a th• lnahy Basin 

m•bft of the Koftiaon ronation, th• S\ZDU'Till.a, C2Unl.•, ar.d 
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3 • l CONC!Pn:AL AQO'Inlt MODr'-9 Alm AQtnl"!R CONTAMIYAT:ON 

3.3.l conceptual Aguit•r Models 

n1• :ollovinq disc:us•ion da•crU,ea a concap~ualiza~!=n c! 

~· hydrcqaoloqic model tor Oravan b•••d ~pen data ~•n•rated ~~ 

':!'1• J&nua%Y 198• BBRZ ti•ld invaatiqation. While t.!1• !=l!c~~~; 

di•c:u.a1on toc:ua .. on the hydrcloqic Char&C1:ari•tics a: :..~• 

X&yenta a.ncl Winqata •t:atiqraphic unita, it i• iapcrta.nt t= 

rac09ftiaa that tha lt&yenta ancl the Winqata ara in di:•C1: 

hydraulic connection and they to:. a •inqla aqW.fer wiit. ~•Y 

tuturu of the h~eoloqic llOdal are: l.) a lov-per.aaala!.~'!1 

b.y.ilta•Winqata ·~ca benaatls. Cl.WI Kua, and 2) a 

byenta-Winqata ·~enca in the River Val.lay vtlidl h&a a 

h.iqh•panaUility in ita upper portion (tnc:tund byen<:a) a~d. 

qenen.lly hU lov-perauility at dapt!l Cl. .. a•tne1:Ured 

Winqata). 1'ha •edatonu banutl:l Cl.WI Mu& &nf! at dap~ 

beneath the river valley are nae extanaively tnctu=ed and ·•ate: 

i• =ansai=atl ~ ~ ..maun .. ~ prillary porosity and 

p~ility. 'r!l••• HZld.9tonu contaiA ~tar in •~oraqe 

bUt qanenlly relwa only mll. aaount8 Of ~tar ta 

properly ~ veua. tA contnat, th• hiqhly trac:4:-.:.:•d. 

ttayent& Fon&tion in the Rivor Valley yialcls Nlatively !a~a 

aacunu o~ q:roand. vatar. AclW.fer tuts ot vall• v-1•1, v-159 

and OU-1! auppoZ1: t!li• qananl modal. o~aerntion vall• 

C:U-15', -11, •l.7 and •ll nn drilled. to tut the ac;W.ttr 

propertiu o~ t!l• Kayanta an4 ~ Wint;&te an4 to collect water 

saaplu troa tJ:le aqW.far in t!l .. • locatiou. The da1:& ~rem 

ll 
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proqraa say be taaaiblo. 

contaainant• in the river valley occur in ~e !ra~~=• 

void• in t.h• Xayen~·Winqate sequence and to some •X":ent ~:i 

t.h• sandstone rocx mauix. Studie• tly 02.andra (l98l) :=r :~~=~ 

car=ida, revealed that wit.hi:\ t.h• zone ot ccnta.minati=n :=:: ~~e 
Clul:I Ranch Ponda, calciwa caz=onata•sultata c:ystals have ~===e~ 

alonq t.h• tra~••· The 1iqniticanca ot t.h••• crystal ~=w-:~s 

on the tn~•• i• that t.h• tll•ect nta ot contaainant• i:it= -:.~e 

trac:turu t:"Ca tha uuix uy ti• relatively slow. Rcvevar, ~o 

extanaiv• atucly hu bean ude to contin t.ha extant or 

ai;nilicanc:a ot c::yaUl qrovt.b in the tn~u. Mcnitor:.nq o~ 

th• ~tar r...Sial action vill provide th• tl••t in• 

torsation on thi• iaaue. 

Ill this type ot raqim8, a qrowidvatar r••tontion plan 

can conc:enuate on raavinq c~ta tram the trac:tur•• ot 

the a~ne8 &DIS rely on a •low !tleed nta t:"Ca tha utrix t= 

raoYe aclllitional c:oaum.nanu. Th• aand•ton• utrix it••l! 

proclUC:U VQY lJ.'tUe vatar nl&~Ve to 1:lle proclw:ticn troa ee 
trac:t=M. 'ftma, c:ona~inq pmpinq vell• in th• uea ot 

cont••*MUoa in t!la vicinJ.~ ot th• Cluat Rands Ponda, wil! 

raav• ma81: it not all ot th• c:ont••1n•tion that can tl=v t:-eely 

to the val.1 vit!Un a relatively ao~ period of tilla • 

. , 



Spny Area. Infiltntian t%avela into the underlyinq 

•edi:llentary rac.Jca and exit• alanq t.h• =••• rUI in •••P• and 

vereic:ally dcvn tcvard ~· widerlyinq aqui:en. In t.."1• ar•a : ! 

~· Clu.b Randi Pcnct., :attin&t• intil:ratad t.h• aurti=i•l 

=aterials and th• K&yenta Fcr.zi.at1cn dir•~ly t:ea t.h• =ct~=ms e! 

t.:ie pcnda. ~ t~ tl:li• c:ant&ainaticn \U.ti2&tely dischar.;es := 

th• San Miquel River. 

Cheaical &n&ly••• t:aa perched liquid en Clu.b M••& i~dic:a~• 

~t soma at th• raffinata •••P•c;• ha• 1'een neuti-alizecl by 

r•a~ian. vi th th.., •edimenta:y ra~ (lnvirolac;ic systau, =~=., 

1983&). Thu• anal19u •l•o 8hov that th• perdled liquid. 

=ontaina elevated levels at •ultata, Chloride, potaaaiua, 

socliua, utnuima, uaacmi&, nitrate, zinc:, vanadima, ••leniu:, 

~ilm, ananic, ancl ma:=:y. water quality infamaticn ~=~: 

th• put mcnitorinq prcqraa ?1u ahovn that th• total dis•alved 

solida concentrations of tluids in 1:Aa Salt Wul:l an Clu.b Mesa 

ranqa trca 1,381 t:o 41,914 ailli;raaa per litar (111J/l), sul~a~• 

c:oncantzoationa ranqad f:aa 301 to l.7,305 mq/l, ammonia 

c:onc:entratiou ra1111• fraa 1- than o.s to 110 mq/1, and ~· ;iK 

~eel t:aa l.4 co 1.a. llevatad level.a of 9Ultatu, uqnau.'.::, 

chloriclu, M1:ala, racU.om=liclu, ancl 01:.hU inoqanic: 

c:onatituenU an pruent. Well• in the Salt waan an Clu.b Mesa 

t:cm vnidi t:CC/VJl81:C:O hU c:oll.ec:tad tl:lue dab inc:lwl• wells 

V-7835, V-7841, V•785 ancl 8•7. 
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qra=dvatar quality ar• availule. Th• data i:ldic:ata t.hat 

le&Jcaq• tra the Cl~ Randl Panda h&a aiqratad into t.ha Kayer:-:s 

rcr.aation a.nd i• aovinq qenerally in a down-valley d1rec:ticn. 

Water level• in ob•ervation v•ll• alao i~dicate t.hat th• 

direc:t1on ot q:icund water tlov i• qenerally down-valley and 

tow~ the river. Total diaaolved aolida (Tt)S) concantrat~=~s 

in t.h• obaaz"Yat1on well• ranqe troa l••• than l!,OOO =il!~;:-a:s 

per liter {mq/l) to u llUdl am 170, ooo mq/l in well• 

dovn~adiant t:-oa th• C:l"W::t lt&nc:h Ponda. R&dionuc:l1dea, 

di••olv9CS .. 1:ala, and. inozvanic: c:onta:ain&nt• are alao pr•••nt a~ 

elevated lav•l• in th• aqW.fu u anovn try aoni~orinq well 

analy••• dovnfZ'&cllent of the Cl'W::t Randl Panda <•••Table 3.J-l): 

Ba~ (wu:ont••inatecl) ~tu in th• Kayenta rer.u.t!.:::. 

hu T?)S c:onc:ent:ationa in a ran;a t:oa 200 to !OO mq/l •• shown 

1n well• c:st»-1, ~•, Q-bloclc, and r-bloclc • 

. , 



TABLE: 3.3•1 GROONOWA'l'D QC'AtITY AT C'ltAVA!r COMPARING GROC'NOWAT~~ 
SAMPLE: llSt1LTS FOR C:U-4 (!ACXGROWD WELL) 
(CON'!'AMINA'l'ED WEI.I.) 

PllAMETD ON ITS cmt-2 

Cata 11/15/84 
sample Type Pwlpad 
Tep cas1nq !lav. tt. 4941. 980 
B. Casinq Elev. tt. 4891. 980 
Phr•atic: !lev. tt. 492'7.880 
Tap. c. 14 
cond. 825 e Wlho• 17,llS 
pH Onita 6.64 
TOS mq/l 27,090 
Sol. Sul.fate• mq/1 18,560 
Sol. Chloride• mq/l l,420 
Sol. Sodiwa lllCJ/l 783 
Sol. C&lc:ima mq/l 494 
Sol. Potasaiwa mc;/l 378 
Sol. Nitrite/K mq/l 0.02 
Sol. Nitrate/K lllCJ/ l 2 
Sol. Ammonia mq/l l,SlO 
Sol. Zinc: lllCJ/l 0.201 
Sol. Salanima mq/l <0.250 
Sol. Maqn••ima mq/l l,202 
Sol. Manqanue mq/l 6.53 
Sol. tr on mq/l 25.8 
Sol. C&rl:lonata mq/1 <l. 
Sol. Bic:a:bonat• lllCJ/l l,950 
Sol. t1•Nat. pC/l 470 
Sol. Th-230 pC:/l 0.20+0.50 
Sol. Ra-226 pC:/l 2.40+0.50 
Sol. Pb-210 pC/l 0.40+0.90 
Sol. Po-210 pC:/l 0.10+0.so 
Zinc• mq/l -0.53 
Copper- mq/l 0. 07 
Arsenic:• mq/l <0.01 
Mercury• llllJ/l <0.0003 
Cadaiwa• JlllJ/l <O.Ol. 
Chrcmiwa• JICJ/l <0.01 
I.ead• mq/l <0.0l 
Silve:- JICJ/l <O.Ol 

•CRP-2 sample 10/5/83, c::RP-4 sample 10/5/83) 

I.I.I> • I.ewer Liaita o~ D•t•C:ion 
pC:/l • pic:oc:uriu per liter 

90 

CRP-4 

10/18/84 
Pumped 

4995.550 
4935.650 
4959.950 

14 
365 

7.58 
272 

28 
4 

19.5 
45.4 
10.l 

<0.02 
<0.04 

0.2 
<0.02 
<0.01 
22.1 

0.021 
0.059 

<1 
258 

<3 
0.00+0.40 
l.l0+0.40 

ll.00+2.00 
-o.5o+o.9o 

<0.01 
<O.Ol. 
<0.01 

<0.0003 
<0.01 
<O.Ol 
<0.01 
<0.01 

AND CRP-2 

~'S 

0.001 
o.oo:. 
O.OOl 

-2.oco 
l0.000 

0. :.oo 
l0.000 
lO.OCO 
l0.000 

O.l=O 
l0.000 
0. :.co 
0.1=0 
O.lOO 
l.000 
0.020 
0.010 
0.100 
o.oso 
0.025 
l.000 
l.000 
0.200 
J.:oo 
0. 3 lO 
4.aoo 
l.000 

O.Ol 
O.Ol 
O.Ol 

0.0003 
O.Ol 
O.Ol 
O.Ol 
O.Ol 
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Mining Waste NPL Site Summary Report 

WIDTEWOOD CREEK SITE 

LAWRENCE, MEADE, AND BUITE COUNTIES, SOUTH DAKOTA 

INTRODUCTION 

This Site Summary Report for Whitewood Creek is one of a senes of reports on mining sites on the 

National Priorities List (NPL). The reports have been prepared to support EPA's mining program 

activities. In general, these reports summanze types of envirorunental damages and associated mimng 

waste management practices at sites on (or proposed for) the NPL as of February l l, 1991 (56 

Federal Register 5598). This summary report is based on information obtained from EPA files and 

reports and on a review of the summary by the EPA Region VIII Remedial Project Manager for the 

site, Michael McCeney. 

SITE OVERVIEW 

The Whitewood Creek Superfund Site 1s a mine tailings contaminated site located in Lawrence, 

Meade, and Butte Counttes, South Dakota, on an 18-mile stretch of Whitewood Creek that begms at 

the Crook City bridge south of the Town of Whitewood and ends at the confluence of Whitewood 

Creek and the Belle Fourche River. From the 1870's to 1977, ta1hngs and untreated wastewater from 

gold mining and milling operations were discharged into Whitewood Creek and were subsequently 

deposited along the creek's floodplain. Twenty-five to 37 million tons of tailings were deposited over 

an area SO to 300 feet wide on each side of the creek, and to thicknesses ranging from less than 1 to 

15 feet (Reference 1, page 1, Reference 2, pages 1-8 and 1-23). (See Figure 1.) 

Arsenic and cadmium are the contaminants of greatest concern at the site (Reference 1, page 19) 

Copper and manganese have also been reported at concentrations exceeding background levels, but 

which are too low to be of concern to human health (Reference 1, page 12). Elevated levels of 

arsenic, cadmium, and other metals have been found m the tallings deposits, the alluvial materials 

underlying the tailings deposits, and the surface soils on some of the irrigated lands withm the 

floodplain adjoining the tailings deposits. Contaminants have been detected in the alluvial ground 

water under the tailmgs deposits, surface water, surface soils, and vegetatton (Reference 2, pages 1-

22 and 1-23; Reference l, page 14). 

The total land area of the site is approximately 2,018 acres. The site is mainly woodlands; but the 

land that is not wooded IS used for agricultural purposes and residences. The residences are scattered 

along both sides of Whitewood Creek. Based on 1988 data, 22 households and 5 vacant res1denual 
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properties are located w1thm, or in close proximity to, the site, with a population totaling 85 (63 
adults and 22 children). Eighty households, with a population of 283, are within 1 mile of the site 
located on either side of the creek, and 168 households, with a population of 647, exist within 3 miles 
of the site. The town of Whitewood, located 1 mile west of the site, has a population of 821 
(Reference 2, page 1-16; Reference 1, page 1). 

OPERATING IIlSTORY 

Homestake Mining Co. (Homestake) first began gold mming near Lead, South Dakota, in the late 
1870's. Approximately 1 billion tons of ore were produced during the operating history of the site. 

Mining operations extend to a depth more than 8,000 feet below the land surface The first milling 

operations used crude methods to crush ore and recovered gold by gravity or by amalgamation with 
mercury. By 1880, more than 1,000 stamp mills were employed to crush the ore to a course sand 
size. In the 1920's, ball and rod mills were brought mto use at the mme. The ball and rod mills 
created finer-grained tailings, or "slimes." 

Mercury amalgamation was used primarily until 1971, when cyanide began to be used exclusively. It 

is estimated that between 1/8 and 112 ounce of mercury per ton of ore crushed was lost, with 50 
percent of this being discharged m the wastestream (Reference 3, pages 1-1 and 1-4) 

Tadings and untreated wastewater were contmuously discharged mto the creek during the 100-year 
operating history of the site, excluding a 5-year period during World War II when the mme was 

closed. In 1963, up to 3,000 tons of tailings and 12,500 tons of water were bemg discharged per day 

mto Whitewood Creek Tailings were discharged directly into Whitewood Creek or its tnbutaries 

from a number of mme operators until approximately 1920, after which Homestake was the only 
source of tailings discharge (Reference 3, pages 1-1 and 1-4). 

After 1935, sand-s1Zed tailings were typically used to backfill mined areas, and the "slimes," as well 

as some course-grained sands, were discharged into Whitewood Creek. This practice continued until 
1977 (Reference 1, page 3). In 1977, Homestake constructed a tailings impoundment in the upper 

reaches of the Whitewood Creek watershed at Grizzly Gulch, to treat residual slimes and process 

waters. In December 1984, a wastewater treatment system was put mto operation to treat waters 

from the tailings impoundment and the mme. The plant utilizes rotating biological contractors to 
remove cyanide and ammonia; iron precipitation and sorption to remove metals, and sand fdtration to 

remove suspended sohds. The solids are returned to the tailings pond and the water is discharged 
into Gold Run Creek, which runs into Whitewood Creek between the towns of Lead and Deadwood. 

nus discharge is monitored to meet requirements of the Clean Water Act (Reference 1, page 3). 
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adjoining tatlmgs deposits; surface soils in residential yards, gardens, and driveways; alluvial ground 

water under the tailings deposits; surface water, and vegetation (Reference 1, page 14) 

Ground Water 

Three primary aquifers exist in the vicinity of the site: a shallow alluvial aquifer and two deep 

bedrock aquifers. The bedrock aquifers are separated from the shallow aquifer by up to 1,000 feet of 

relatively low penneability shale. Hydraulic connection between the alluvial and bedrock aquifers is 

beheved to be limited. Water supply wells in the bedrock aquifers tested during the Remedial 

Investigation did not contain contaminants from the taihngs deposits (Reference 1, page 12) 

Within the shallow aquifer, the water table generally exists in the natural alluvium except durmg wet 

periods of the year when it may rise into the tatlings. For most of the year, ground water flows from 

the alluvial aquifer into the creek. Durmg high creek flow, lasting from 2 to 8 weeks each spnng, 

flow IS reversed and water flows from the creek as far as 200 meters into the alluvium (Reference 1, 

page 12). 

Ground water in the tailings deposits, and m the alluvial deposits beneath the tailings, is of greatest 

concern at the site. The alluvial aquifer and shallow shale bedrock withm the floodplain but outside 

the immediate influence of the taihngs, and the alluvial terrace deposits that are upland from the 

tailings and the floodplain, appear to be uncontaminated (Reference 1, page 12). 

Studies completed by Homestake, the results of which were published m "Mineral and Energy 

Resources" in 1986, showed that arsenic in the tailings is very immobile and IS being released and 

transported very slowly and in very small amounts into the downgradient alluvial aquifers, the only 

ground water to exhibit elevated levels of contaminants (Reference 2, page 1-68) Levels exceeding 

the primary drinkmg water standards and the South Dakota Drmking Water Standards (DWS) have, 

however, been recorded [with a maximum arsenic concentration of 0.78 mllllgrams per liter (mg/I), 

which is above background levels] (Reference l, page 16). Movement of arsenic from the tailings to 

the ground water results from dissolution of arsenic during those times of the year when the water 

table rises into the tailings; dissolution of arsenic from prec1pitat1on passmg through the tallmgs, and 

incorporation of tailings particles into the alluvium, which probably occurs as the tailings are 

deposited. The current slow movement of contaminants could continue for thousands of years 

(Reference 1, page 16) 
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material; unportation of taihngs matenal for use as driveway base, and/or overbank sedimentary 

deposition of tailings material during past flood events. 

Preliminary calculations in the Remedial Investigat1on/Feasibility Study completed for the Whitewood 

Creek site mdicated that the concentrations of contaminants and the potential for exposure through the 

air pathway was too low to be of concern (Reference 1, page 19). 

ENVIRONMENTAL DAMAGES AND RISKS 

Systematic studies of the Whitewood Creek area by the South Dakota Department of Health (begun in 

1960) quantified the solids and cyanide loading to the creek and recommended further studies In 

1965, a study by the South Dakota Department of Game, Fish and Parks determined that aquatic 

bottom organisms were not present in Whitewood Creek downstream from the waste discharges 

Several additional studies, which focused on the possible serious environmental hazard created by 

mercury contamination, led to the discontinuance of mercury m gold recovery operations in December 

1970 (Reference 1, page 4). 

In the winter of 1974-1975, approximately 50 cattle in a dairy operauon adjacent to Whitewood Creek 

died of unknown causes. A later study concluded that the cattle had died of arsenic tox1cos1s resulting 

from the consumption of com silage acc1dently contaminated by mining wastes that had been 

incorporated into fodder during silo-filling operations A study published in 1978 found arsenic 

concentrations ranging from 2.5 to 1,530 micrograms per liter (µg/I) m ground water from areas with 

large taihngs deposits (Reference 1, page 4). As a result of these studies, 1t was concluded that the 

Whitewood Creek area would remain highly contaminated until the discharge of tailings was 

discontmued. This resulted in the construCllon of the Grizzly Gulch Tailmgs Disposal Project by 

Homestake, which became fully operational on December 1, 1977, producing a dramatic 

improvement in the physical appearance and quality of the creek waters (Reference 2, Volume I, 

page 1-9, Reference 1, page 4) 

The potential life-time excess carcinogenic risks from exposure to arsenic through ingestion of soils 

and ground water within the site (for both the representative and maximum exposed site resident) 

were determined to be unacceptable. For the representative and maximum exposed site resident, 

ground-water nsks were determined to be 1.9 x l~ and 4.4 x 10·3, and soil nsks were determined to 

be 2.4 x l~ and 2.6 x 10-3
, respectively, all of which are greater than the acceptable Comprehensive 

Environmental Response, Compensation and Liability Act (CERCLA) level of 1 x 1~ (Reference 2, 
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properties) within the contaminated frmge areas (Reference l, pages 32 and 40) The major 

components of the selected remedy include: 

• Cover and/or remove soils in the existing residential areas containing arsenic levels of 100 
mg/kg or greater. 

• Restrict furure development in the 100-year floodplain and tailings deposits as provided through 
the county ordinance 

• Prohibit excavation of tailmgs deposits for other uses and prohibit excavation of remediated 
areas through the county ordinance, however, mlDlDg would be allowed subject to the 
regulations of the State of South Dakota. 

• Refine knowledge of the extent of contamination and delineate the 100-year floodplain. 
Provide detailed maps to define site boundaries and specify aet1v1t1es to suppon county 
ordinances. 

• Set up an educational program to inform people about hazards presented at the site and ways to 
decrease their personal exposure. 

• Continue enforcement of the ban on 1nstallat1on of water supply wells w1thm the 100-year 
floodplain (this IS already proh1b1ted by a state regulation) 

• Conunue monitoring the surface waters of Whitewood Creek for s1gmficant releases of 
hazardous substances. 

• Resample remed1ated residential areas after major flood events (Reference l, pages 28 through 
32). 

The estimated net present worth cost for the selected remedy 1s $882,813, with capital costs totaling 

$1,028,000 ($581,000 of which will be spent durmg start-up and $447 ,000 of which will be incurred 

over the 30-year period). Annual operation and mamtenance costs are estimated at $12,000 

(Reference l, page 40). 
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·\ECORD OF DECISION 
MARCH 30, 1990 

DECLARATION STATEMENT 

SITE NAME AND LOCATION 
Whitewood Creek Site 
Lawrence, Meade, and Butte Counties, South Dakota 

STATEMENT OF BASIS AND PURPOSE 
This decision document presents the selected remedial action for the 
Whitewood Creek site in Lawrence, Meade, and Butte Counnes, South 
Dakota. This document was developed in accordance with the 
Comprehensive Envuonmental Response, Compensation. and Liability 
Act of 1980 (CERCLA), as amended by the Superfund Amendments and 
Reauthorizauon Act of 1986 (SARA), and the Nauonal Conungency 
Plan (NCP) (40 CFR Pan 300). 

This decision document explains the facrual and legal basis for selecnmr 
the remedy for this sne. The mformation supporting this remedial acuon 
dec1s1on is contained m the admi01Strative record for this site and is 
summarized in the attached decision summary. This decision lS based on 
the administrative record for this site. 

The State of South Dakota concurs with the selected remedy. The State, 
however, does not concur on the boundaries of the site. 

ASSESSMENT OF THE SITE 
Actual or threatened releases of hazardous substances from this site, if 
not addressed by implemenung the response action selected m this 
Record of Decision (ROD), may present an immment and substantial 
endangerment to public health, welfare, or the environment. 

DESCRIPTION OF SELECTED REMEDY 
The remedial acuon selected by EPA for the Whitewood Creek 
Superfund sue consists of covering and/or removal of contaminated soils 
at exisung residential propemes and establishment of insntutional 
controls to restrict access to tallings deposus. Implementauon of these 
measures wlll reduce the risk to public health presented by residential 
soils, tailings deposits and alluvial groundwater contarmnated with 
arseruc. 

The major components of the selected remedy include: 

Cover and/or remove soils in the existing residenual areas containing 
arsemc levels of 100 milligrams per kilogram or greater. 



Restrict future development in the 100-year floodplam and tailings 
deposns as provided through county ordinance. 

Prohibit excavation of tailings deposns for other uses and prohibit 
excavauon of remed1ated areas through county ordinance, however, 
rrurung would be allowed subject to the regulauons of the State of 
South Dakota. 

Refine knowledge of the extent of contamination and delineate the 
100-year floodplam. ProVIde detailed maps to defme sne boundaries 
and specify acuvmes to support county ordinances. 

Set up an educational program to inform people about hazards 
presented at the site and ways to decrease their personal exposure. 

Conunue enforcement of the ban on installation of water supply wells 
with the 100-year floodplain (this is already prohibited by a state 
regulation). 

Continue monitorimz the surface waters of Whnewood Creek for 
s1gruficam releases of hazardous substances. 

Resample remediated residenual areas after major flood events. 

DECLARATION OF STATUTORY DETERMINATIONS 
The selected remedy is protecuve of human health and the environment, 
complies with most Federal and State requirements that are legally 
applicable or relevant and appropnate to the remed1~ acuon. and is cost 
effective. A waiver is mvoked for complymg with maximum contaminant 
levels for arseruc under the Safe Dnnkmg Water Act and the water 
quality cmena for protecuon of human health by consumpuon of fish 
because of the techrucal impracucabihty of meeung these requirements 
Tius remedy utilizes permanent solutions and alternanve treatment 
technologies to the maximum extent pracucable for this sne. However. 
because treatment of the prmc1pal threats posed by the site was nm 
found to be praCtlcable, this remedy does not sausfy the statutory 
preference for treatment as a pnnClpal element. Treatment is 
impracucable because of the large volume of contaminated soils and 
tailings deposits, the lack of appropriate treatment technologies, and the 
potenual for adverse environmental impact. 

Because thIS remedy will result m hazardous substances remaining on 
sne above health-based levels, reviews of the remedial action will be 
conducted no less often than each five vears after inmation of the 
remedial action, to ensure that human health and the environment are 
bemg protected by the remedial act1on being implemented. 

J.£?ch.~.r%.,,...~"""'· -
Regional Administrator 
EPA Region VIII 
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RECORD OF DECISION 
ATTACHMENT A 

WHITEWOOD CREEK SUPERFUNO SITE 
DECISION SUMMARY 

I. SITE NAME ANO LOCATION 

The Whitewood Creek Superfund me, a National Prionnes List site, is located m 
Lawrence, Meade and Butte Counues, South Dakota (Figure A-1). The site tS muated :~ 
west central Soutb Dakota on the northern penmeter of the Black Hills. 40 mtles northwest 
of Raoid City on Interstate 90. The sue lies within J>Ornons of Township 6, 7 and 8 !'lonn. 
Range 4, 5 and 6 East and is maoped on tbe Rapid City (1.250,000) quadranele at a 
lautude of 44o45oN and longmide io2°-104°W. -

The Whitewood Creek sue, a mine tailings contaminated site, encompasses approXJmate!v 
2.018 acres along 18 aules of Whnewood Creek floodplam from the Crook City Bndge 10· 
the confluence with the Belle Fourche Rlver. From the 1870s to 1977, tailings were 
discharged into Whitewood Creek from upstream gold aumng and milling ooerauons. 
These tailings were depo5lted along the floodplams of Whitewood Creek and t.."ie Belle 
Fourche and Cheyenne Rivers. 

The primary concerns for potenti:il harm to human health and the environment presented 
by the site are e:cposure to arsemc-nch tailings deposits, and alluvtal soil, res1de:mal soil. 
and alluvtal groundwater contammated with arsemc. 

The dommant land use within the site lS woodlands. The remaimng land wtthtn the sne :s 
used for agnculture and residences. The agricultural lands are located m somewhat 
discontinuous secuons along the edge of the floodplain 1n are:is ad101rung and occ:is1or..i. 1\ 

overlapping the wllngs deposit are:is. 

The residences are scattered along both sides of Whitewood Creek. Based on 1988 dat:i.. 
22 households and five vacant res1denual properues are Sltuated widun or m close 
proxunlty to the me with a populauon totaling 85 (6~ adults and 22 children). Eighty 
households. with a populanon of 283, are WlthlD a mile of the sue on either side of the 
creek and 168 households. with a populauon of 647, exist within three rrules of the sue. 
The Town of Whitewood, located about one mtle west of the site, has a populatton of s: ! 

l 



II. SITE HISTORY ANO ENFORCEMENT ACTIVITIES 

History of Operations 

1877 to 1977. The Homestake Mi.rung Company, located in Lead, South Dakota. began 
gold muung operauons Ill the Whitewood Creek watershed in the late 1870s, following 
development of gold depos1tS discovered pnor to 1850. Mmlng operauons over the last 
century have produced about one billion tons of ore from both open pit and subsurface 
shaftS which c:urrently extend to a depth exceeding 8,000 feet below the surface. The 
processing of the ores has changed over the years. resulung m cha.Jlges m the characte::s•~cs 
of the waste stream. Methods have become progressively more effioent. so that earlier 
tailings were coarser and contained more metal than those resulnng from present 
operations. 

The first milling methods were pnmrnve and non-mechanized. Gold was recove:ed bv 
gravtty or by amalgamauon wt th mercury. By 1880, the early crude methods of mtl.luig 
were replaced with more than 1,000 stamp mills which crushed the ore to a coarse sand 
size. The tailings were then discharged to Whitewood Creek or its mbutanes. Pnor to t.ie 
tum of the century, muc:h of the ore consisted of red-colored minerals whlc:h we:-e the ne:i.r 
surf ace residual oxi~non produc:ts of the onginal unoxidized ore bodies. 

After the turn of the century, the black and green-colored reduced ores from de:?er in :he 
rrune. below the zone of 0X1dauon, were the focus of mining ac:uvny. The use of ball J.r.d 
rod mtlls, brought into seMc:e in the 1920s, created finer-gramed tailings referred to as 
"slimes." After 1935. much of the sand-sized poruon of the wlings was returned to the 
mine to backfill mined areas. The "slunes" as well as some coarse·!D'amed sands conur.ued 
to be dlsc:harged dlJ'ectly into Whitewood Creek until 1977, wtth the excepuon of five ve:i.:s 
during World War ll when the mine was closed. Mercury amalgamauon was dISconuf:uec 
in 1970. 

Tailings. c:onsisung of finely ground rock. residual met:illic and nonmetallic: compounds ::o: 
ext::acted from the ore, and trace compounds used in the extracuve processes. we:-e 
transported away from the mme by the water of Whitewood Creek. These tailings were 
deposued dowruitream from the ltllne wtth the largest deposits along the ban.ks of 
Whitewood Creek between the Crook City Bndge and the confluence with the Belle 
Fourche River. The tailings remain along much of this reac:h of Whuewood Creek and 
conunue to leach metals to surface and subsurface waters. 

J 9ii ro PresenL Presently ore is milled in crushers and rod and ball mills. The maten:il 
from the milli1'Ill'rocess is separated into two 51ze frilcaons. sand and slimes. These 
fracuons are treated separately by cyanide leach and carbon filter methods. Residual sane 
matenal IS used to bacJCfill witllln the mine. Residual slunes and process waters are 01oci: 
to the Gnzz.ly Gulch tailings impoundment in the upper reaches of the Whitewood Cre~, 
watershed. 

A wastewater treatment plant now treats water from the tailings impoundment and the 
rrune. [Jhis plant uulizes rotating biological c:ontactors to remove cyanide and ammon::. 
iron precip1tauon and sorpuon to remove me~; and sand filtration to remove susper..:~..: 
solids. Solids are recumed to the tailings pondJWater enters Gold Run Creek whicn 
discharges into Whitewood Creek between the towns ·of Lead and D=dwood. This 
discharge 1S monitored to meet requirements of the Oean Water ArJ. 



History of Site Investigations 

The first svstemanc srudies of the Whitewood Creek area were undertaken by the South 
Dakota Deoanment of Health 111 1960. Tius work quanufied the sollds and c:vanide loadina 
to Whitewood Creek. recoaunended further study, and reported that a comprehensive :) 
water polluuon c:onuol program w:is needed, If any benefical use was to be made of 
Whitewood Creek. A study by tbe South Dakota Department of Game. Fisb and Parks in 
1965 detemuned that aquauc bonom organisms were not present m Wlmewood C:eek 
downstream from tbe waste discharg_es. ln 1970-71, a senes of srudies by the U.S. 
Enwomnental Protec:uon Agency (EPA) and the U.S. Food and Drug Admlmstration 
(FDA) were undertaken to document and cbarac:tenze the discharge of wlings to 
Whitewood Creek and to determine the magnitude and extent of the resultant pollunon. 
These studies, together 'Wlth one prepared by the Umversicy of South Dakota. focused on 
the possible senous enworunental hazard created by merc:ury contmunanon. In 
December 1970, resultS of these studies led to the disconnnuance of merc:ury in gold 
recovery operauons. 

In the \\inter of 1974-75, about 50 Holstein cattle that were part of a dairy operauon 
located adjacent to Whitewood Creek. died of unknown causes. Later, a study by the Sou t!1 
Dakota State Uruverstty Department of Veterinary Science concluded that the cattle h:id 
died of arseruc toxicosis due to consumpnon of corn silage that had been contaminated bv 
the accidental incorporauon of rmmng wastes wtth fodder dunng silo-filhng operauons. A 
JOint study, conducted by the South Dakota Geological Survey and Water Resources 
DivlSlon between May 1975 and 1 uly 1978, investigated the presence of arse:uc in surface 
and groundwaters along Whitewood Creek and the Belle Fourche Rlver and poruons of 
the Cbevenne River. Th1S study, published m 1978. found arsemc c:oncenuauons razmn2 
from 2.5 to 1,530 ug/l m grounawater from are:is wttb large tailings depos1tS. - -

One common conclusion of all these pollution invesugaoons was that Whitewood Creek 
would remain highly contaminated unul the dIScbarge of tailings was disconunued. To 
comply with new envtronmental laws, including the Ore Mimng and Dressing Effiuent 
Guidelines. Homestake Minlng Companv implemented the Gnzzly Gulch Taihngs 
Disposal prOJeCt. an ImJ>Oundment area tor tailings storage. The tailings disposal syste:n 
bec:ime operauonal on December 1, 1977, and no dIScharge of taillngs to Whitewood 
Creek has occurred smce then. 

In 1981, at the request of the governor of South Dakota. the Whitewood Creek site \\as 
placed on the "Interim National Prionries List." Subsequently, on September 8, 1983. the 
site was placed on the Nauon:il Pnonties List (NPl). 

Following th.-Uttl placement of the site on the lntenm National Priorities List. EPA. me 
South Dakota Department of Water and ~:uural Resources (DWNR), and HomestaKe 
M1mng Company (Homestake) entered into a three-party study agreement m 1982 to 
conduct a comprehensive studv of the sue. The studv, funded by Homestake and 
conducted by Fox ConsultantS: Inc:. of Denver. Colorado, was supemsed by a J>rOJect 
adv1Sory commmee composed of representauves of each of the three parnes. The Fox 
study investigated the quality of surface waters, groundwaters, soils. sediments aquauc llf e 
and vegetation in the study area. on an 18 mile se~ent of the floodplain of Whitewood 
Creek above ns confluence with the Belle Fourche River. The study used 14 target 
substances as mchcaton of potenual publ.Jc health and ermronmental threat. The 
conclusions. published in a mulu-volume repon m December 1984, mdicated that arsenic: 
was the contaminant of most SJgnific:ant environmental c:oncem throughout the media 
under evaluation. 

4 



The repon also indicated that. although mercury and cyanide had onginally been 
contaminants of concern in tailings discharged from Homestake Mine, conccnuaaocs of 
these contaminants at the Wbuewood Creek Superfund sue were near background levels 
and therefore not of environmental concern at this nme. . 

Simultaneously wuh the Fox study, two related studies were conducted. Homestake 
assembled a group of consultants led by J.A. Cherey to assist the pro1ect advisory 
commmee. These consultants studied the bydrogeocbemisuy of the sne and prepared a 
report completed in 1985. This repon. utled "Hydrogeocbemisuy of sulfide and arseruc· 
rich wllngs and alluvium along Whnewood Creek. SOuth Dakota" was publlsbed in 1986 in 
Min<"g/ qn4 Enerzy Besourq.s. The second study, an extenslve 1!1Vesugauon of the surface 
water in Whuewood Creek. was imuated in 1982 by bydrologistS from the U.S. Geological 
Survey. The U.S. Geological Survey published a draft repon m 1985. Subsequent 
published reports and unpublished data are c:u:rently available from the U.S. Geological 
Survey. 

Homestake and the State of South Dakota submined a request to EPA in 1983 to inmate 
proceedings to delete Whitewood Creek from the NPL, and resubmitted the request in 
1985. Th1S request was supponed by a human health exposure assessment performed bv 
Homestake's contractor, Environ Corporauon. wtucb concluded that the sue posed no nsk 
to human health. EPA. believing that 1t was premature to discuss deleuon unul the studies 
were completed. did not pursue dehsung funher. 

Homestake also funded several addiuonal studies wtucb included: 1) an evaluation bv 
Industnal Waste Management Inc. of the water quality sampling results collected by the 
U.S. Oeologac:al Survey in Whitewood Creek before and after the mstallauon of the 
wastewater treatment system upstream from the CERCLA site; 2) an analysis of the aS?e of 
trees growing on the tailings deposatS along Whitewood Creek (for the purpose of dating 
these deposns) conducted by Pope and Talbot, Land Forester; 3) an assessment of the 
sources, occurrences and mobl11tv of selemum in the Vlhitewood Creek Basin and a re
analysis of the selenium conce~U.mons in e~nng water supply wells along Whitewood 
Creek. both performed by Geochemical Engineenns Inc. Another study by Oeocherrucal 
Engmeenng Inc. in October 1988, incorporated addiuonal groundwater quality data and 
s01l characterizauon data. For this study, the populanon residing wulun the sue was 
mteMewed regardi!!g their habits with respect to the intake of dnnkmg water and locally 
grown food crops. Tlie study included tesung of water supply wells. 

In December 1988, an Administrative Order on Consent was signed by EPA and the 
Homestake Mining Co. This order concluded that the Fox study constituted the functional 
e~u1valent of a remedial investiganon. as prescribed by the Nauonal Conungency Plan. 
The order required that Homestake conduct a feasibility Study (FS) m order to ide::mfy and 
evaluate alternatives for the appropriate extent of remedial action to prevent or mmgate 
the magrauon. release or threatened release of hazardous substances. polluwus or 
contanunantS from the site. 

In 1989, an FS was conducted by ICF Technology Inc. on behalf of Homestake. Soil d:ita 
collected in Mav, June and July 1989 by Homestake and analyzed by Geochemical 
Engineering lnC. was incorporaied into thlS study, alons with a report prepared by 
Momson Knudsen Engineers. on the feasibility of removing tailings. 

Remedial action objectives fer the FS were based on EPA's endangerment assessment. 
EPA contraeted with Battelle Pacific Nonhwest Laboratory ta perform an endangerment 
assessment. The first draft was released in January 1988 and comments were provtde<.i by 
Homestake in Apnl 1988. A second draft was released by EPA in March 1989 and 
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The shallow groundwater at the sue appears m four umts which aet as a smgle aqwier. I: 15 
useful to descnbe the four units separately m order to understand the movement of 
conrammants wtthlil the vanous media. 

Tailings deposits are generally coarse-grained matenal. wttb some fine layers (t:ru: 
1 :.n Figure A·3). 

A.lluvtal aquifer matenals underneath the whngs. which are most dlrec:tlv 
miluenced by water moving through the tailings, are referred to as the dOwngraC e:-: 
agu1fer (l:Illt 2 m Figure A-3). 

Alluvtal aquifer matenals and shallow bedroclc sbale Wlthm the floodplain ou~1de 
the immediate influence of the tatlmgs are referred to as the upitadie:u a~ut;e;
(Unit 3 m Figure A-3). 

t:pland alluvtal aquifer terrace deposits are upland away from the tailinszs and 
floodplain alluvial matenals (Urut 4 in Figure A·3). -

The water table along Whnewood Creek occurs mamly m the natural alluvtum underlVi!':Z 
and ad1acent to the tailings. Dunng wet penods of the year, the water table may me !Ilto
the tathngs. Some recharge of the shallow aquifer may occur then, as prec1p1tauon 
infiltrates through the terrace materials and tailings deposits. 

In general. the water table slopes toward the floodplain. and dunng most of the year. me:e 
is a net flow of groundwater from the alluvium into tbe creek. Dunng high creek flow. 
lasung from two to eight weeks each spnng, the flow LS reversed and water flows from the 
creek as far as 200 meters into the alluvtwn. 

~1grat1on of contaminants from the tailings to the alluvium and groundwater occurs at a 
slow rate because of the chemistry of the contammantS and tailings deposits (see page ~~ ~ 
The upgrad1ent alluvial aquifer and upland alluvial aquifer appear to be uncor.t:nr.mate: 
by taiitngs matenals. Groundwater 1n the tailings deposits and the downgradient a!luv.a! 
aquifer are of greatest concern to human health. 

The bedrock aqwfers are separated from the shallow aqulfer by up to 1.000 feet of 
rel:iuvelv low permeab1hty sbale. The thickness of the shale and the lack of conunuous 
porous zones 10 the shale both serve tO limit the COMec:uon between tbe alluvial :ind 
bedrock aquifers. Water supplv wells m the bedrock aqwfers tested in the RI did not 
contain contanunantS from Wlings depositS matenals. 

Sources and Types of Contaminants 

The iruual RI studies completed by Fox in 1984 idenufied the tailings deposus as the 
source of contamination m the study area. Founeen target substances were 1nvesugated :!S 
indicators of potenual public: health and environmental threat (Table A-1). Arseruc was 
considered to be the contaminant of most significant eDVU'onmental concern throughout 
the media under evaluation. Cadmium. copper and manganese were deteeted at 
conc:entrauons above background levels but too low to be of concern to human health. T.1e 
remaunng subst:inc:es were either determined to be naturally occumng (sulfate, seleruurr. 1 

or present at conc:entranons near baclcground levels (c:hronuum. silver, ruc:kel, iron. 
mercury, lead. zinc: and c:yarude). 
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Affected Media 

The RI/FS documented that hazardous substances are present in a variety of media at the 
sue meludmg: 

Tailings deposits; 

Alluvtal matenals underlying tailings deposits: 

Surface soils in sor;ie of the 1mgated lands adjollllilg tailings deposits: 

Surface soils in residenual yards, gardens, and driveways; 

Alluvtal groundwater under_ the tailmgs deposits 

Surface water; and 

Vegetation. 

Potenual health impaets and nsk assessments are presented in Chapter V. The media 
Q_OSmg the sreateSt potenual nsk tO human health and the environment are hsted below. 
The potennal for contaminants rmgraung between the media as demonstr:ited by remeaial 
mvesugauons, especially the Cherry study, is also summanzed below. 

Surface Sqi!s m the T;11inzs Qepqsjt and Fcinie A«a,s 

Tailmg Deposits (Medium 2. Figure A-2). It is estimated that 21.6 million tons of ta1lm~s 
exist withln the sue. The tailings deposits contain concentrauons of arsenic (maximum -
42.500 milligrams per kilogram or mg/kg) and cadmium (maximum 180 mg/kg) wrucn :J.r: 
significantly above levels m uncontaminated alluvial soils at the reference sue on the Be!~e 
Fourche River above the confluence with Whitewood Creek (12 mg/kg and 1.5 mg/kg, 
respecnvely ). 

The tailings have been detemuned to be the major source of the contarrummon found ::1 

other affected media. The ore body from which the taJlings are denved is a met:i.morpntc 
iron magnesium carbonate. The gold is found in veins along with quartz, c:ilcne. iron and 
arsemc sulfides and other mmor metals. 

Oxidauon of the iron and arsenic sulfides m the tailings produces a weak sulfunc acid. In 
most cases, this acid is buffered by calcium m the carbonates in the ore and from the 
exposed sedimentary rocks. In this buffered environment, the c:onwmnants are re!auvely 
unmobile. Isolated pockets having an acid environment occur withm the whngs :ind 
alluvium, where some arsenic may be mobilized. 

Most of the substances are tramported in their solid form. rather than in soluuon. At 
present, the c:onUlmUWlts contained in the tailings deposits are being released verv slowlv 
into the alluvial aquifers. Small amounts are being ~por:ted mto the underlying · 
alluvium. It 15 anticipated that these conwmnanis will connnue to be released through 
both chemical and pbySical processes at these slow rates for many years. 

In all but a few locations (estimated at 25% of the area for purposes of estimating costs of 
potenual remedial action), the tailings deposits support vegetation a.ncluding grasses, shrubs 
and trees. Most unvegetated areas have a thm ~um crust at the surface. This cover 
provides some stability for these deposits. The tailings exhl'bit some instability at the creek 



bank edges and where cover is absent. Some of the wl.J.ngs wt th thelJ' c:ontammants are 
released to the surface waters of Wlutewood Creek. It is esumated that 7,000 kg of usenu: 
may be added to the surface waters from normal erosion, he:iry ramfal.l and see~age dunng 
a normal year. Penodic: flood10g events may llltroduc:e an additional 35,000 kg in a single 
evem. 

The pote::mal nsk to human health through inadvertent mgestion of tailings was evaluated 
as part of tbe soil exposure pathway. 

AJluvia! Matenals Underlying Tailings Peposixs (Medium l, Figure A-2). It is esmnated 
tnat at least 10 mtlhon toes of alluvium underlie the tailings deposits wtthm the site. Tbe 
alluvium underlymg the tailings deposits eonsistectly exJubus elevated levels of arseruc 
(maximum 700 mg/ kg). 

While the conta.'Illnants withm the alluvium are relatively immobile, they are being 
released very slowly to alluvial aquifers, and transported m small amounts to the surface 
waters of Wlmewood Creek. There may be some sc:ounng of alluvial matenals from the 
bank mto the creek dunng high nver flows. In most lllStanc:es. the alluvium 15 covered by 
tailings and the contaminants wtthlll n are insulated from. and not available to, surface 
transport processes, suc:b as erosion or runoff. Because of the covenng tailings deposits. no 
human health exposure pathways ex1sL 

Im gated Soj!s (Media 3. 4, and S. Figure A-2). ApproXImately 83 acres of irnga!ed 
cropland are located wtth1n the site. About one-fourth of the water used for irm'.at1on 
comes from upgradient alluvial or bedrock aquifers, one-fourth from Whitewood Creek 
and one-half from the Belle Fourche River. Only some poruons of the total imgacea 
croplands are contaminated by arsenic:. Overbank flooding and windblown t:iilmgs 
matenals probably eontnbuted moSt of the eonwmnanon. although Whuewood Creek 
surface water may have eontnbuted small amounts of arsemc to the soil where 1t 1s used for 
1rr:£anon. 

Arsenic: levels are elevated in samples of im~ted soils taken at different loc::mons 
t~roughout the sne (maximum 600 mg/kg). There is no mdicauon that eonwmnants :n t!':e 
1mg:iced soils :ire nugraang mto the alluvial groundwaters because of the relauve 
1mmobi1Hy and low c:onc:entratio~ of arserue in these soils. Contaminant uptake by crops 
occurs to varytng degrees. depending on the c:ontaaunanL The potential nsk to human 
he:ilth through inadvertent mgesnon of contaminated soil was evaluated as pan of the soil 
exposure pathway. The potential nsk due to ingestion of crops 1S dl.scussed below in the 
sec:uon on vegetation. 

Surface Soils jnJWjdenrial Yards Gardens and Pnveways (Medium 6, Figure A-~). The 
contanunaoon m the res1denual areas is from windblown tailings matenals and from 
tailings materials inadvenently transponed in by dirty work bootS etc:. or 1mponed for use 
as a soil eondit1oner and driveway base. Three residenual properties within the site have 
been found to have surface soil arseruc conwmnaoon (maximums: lawn 520 mg/kg. garde:? 
540 mg/kg, dnveway 2400 mg/kg). In these samples. maximum c:onc:enuations were 
reported m the 0-6" samples. Conc:emrauons of arsenic in the 18" and 24• depth samples 
were above background for the area but less than 100 mg/kg. Other residential propemes 
within the stte have not been sampled. Approximately 12 residences were esnmated in the 
feasibility studv to have arsenic c:onc:entrauons greater than 100 mg/kg. The total number 
of affected resfdenc:es and amount of contaminated material will be determmed dunng the 
remedial design phase of the Superfund work. 
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There is no indication that contanUnants conwned in these soils are migraung mto the 
alluvial groundwaters because of the relauve immobility and low concentration of arsenic 
m tbcse soils. 

The potenual ruk to human health through madvenent mgestion of contaminated soil was 
evaluated as pan of the sotl exposure pathway. 

Dowomdjept :\lluVJal Grounciwater. The water from the downgradient alluvial aquifer 
(Unit 2. Figure A·3) is the oniy groundwater to exhibit elevated levels of contaminants. 
Concentrauons of arsemc (ma.umum: 0.78 mg/I) are detected above background levels. 
These concentrauons exceed pnmary dnnlang water standards and the South Dakota 
Dnnklng Water Standards. 

The water table along Whitewood Creek occurs mainly in the natural alluvium unde:-lving 
the tailings. During wet penods of the year, the water table may nse into the tailings. · 
Some recharge of the shallow alluvial aqwfer may occur then. through 1nfiltrauon of 
precp1taoon moving through the terrace :~os1tS and the tailings deposits. In general, the 
water table slopes toward the tloodplam dunng most of the year, there is a net flow of 
groundwater from the alluvium into the creek. Dunng hl'ib creek flow, lasung from rwo to 
eight weeks each year, this t1ow lS reversed. The effec:t ofrecbarge from the stream may be 
seen as much as 200 meters from the stream. ln the areas where the wlings depoms are 
fine-grained with low permeability, localized perched zones produce small seeps and 
spnngs along the bank of the creek. Gypsum crusts form in places at the surface of the 
ta1hngs and at the seeps. 

Three mechanisms appear to ac:t in movement of arsenic from the tailings to the 
groundwater: 1) dissolunon of arseruc dunng those umes of the year when the water table 
is in the tailings, 2) dissolution of arsenic when prea~1tanon infiltrates downward throu~h 
the tailings and 3) mcorporanon of tailings parncles into the alluvium. which probably -
occurred as the tailings were being deposited. Movement of contaminants presently 
continues at a slow rate. and could conunue for thousands of years. · 

The potenual nsk to human health occurs through ingestion of conwrunated groundwate=

Syrface Waters of Wbnewond Creek.. The concenuauons of cont:lminants (Table A· 1) in 
surface waters of Wlutewood Creek compj}t wtth water quality standards establtShed by 
South Dakota for Whuewood Creek and EPA water quality cntena for chrome to:<lcity to 
aqu~nc hfe. Concentrations of arsenic at the U.S.Qeological Survey Vale sampling staaon. 
downstream of the sue, occasionally exceed the water quality cmena for the protecuon of 
human health from the consumpnon of fish. These exceedances are due 1n pan to 
upstream sour~ to the additional contributions from the tailings deposits along the 
creek within the site. 

The upstream sources include minor unquanufied discharges of murucipal and indusmal 
wastewaters from the communities of Lead. Deadwood and Whitewood. Minor additional 
contammauon mav be amibuted to the few wlings deposits between the Homestake Mine 
and the begmmng "of the Whnewood Creek Superfund site at the Crook City Bridge. 

Homestake mine discharge also contn'butes to the upstream loading. Prior to the 
installauon of the Grizzly Gulch Tailings lmpoundment and Homestake's wastewater 
treatment plant, the surface water m WbiteWood Creek below the rmne was substanually 
degraded and mcapable of supporting aquatic life. Foll~ completion of the treatment 
plant. Homestake has been disChargiDg t0 Whitewood Creek under a draft ~t from the 
State of South Dakota. The allowaI>le discharge c:oncentranons for arsemc (0.184 mg/L 
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daily maximum; 0.105 mg/L. daily average) 111 the treatment plant effluent were develooed 
to be protecnve of a cold water fisbery usage of \Vhuewood Creek between Lead and the 
Superfund site using ambient water quality above the discharge, and wasteload ailoQ.tion 
calculauons. The present arsenic: coneentranons Ill the efflue:u at the discharge point 
located ne:ir the town of Lead average 0.03 mg/L \I/Ith maximums of 0.06 mg/L 

The water quality of 'Wlmewood Creek is different as u leaves the sue from that e:uenng 
the sne. Groundwater seepmg through the tailings and alluvtum mto the creek adds an 
average of 365 kg/year of arsemc: to the creek. Normal erosion of tatlmgs along 
Whitewood Creek c:ontnbutes on the average of 300 kg/vear of arseruc: and he:ivv rains 
may conmbute another 6,000 kg/year. Dunng penocilc: flood events up to 35,000 kg of 
arsenic is added to Whitewood Creek from the erosion of the tailings. Tills added load of 
contammants to the surface water across the sne results Ill an increase of arsenic 
c:onc:entrauons wtuc:b vanes with the amount of flow in the creek and wne of year. 

The levels of dissolved arsenic at the downstream end of the me exceed water qual1tv 
cmena for the protecnon of human health from the consumption of fish. The levels ·also 
penocilc:ally exceed the National Pnmary Dnnlang Water Standards for arsemc: of O 05 
mg/L and bave approached the c:mena established by the EPA for c:hroruc: tOXlClty to 
aquauc life of 0.190 mg/L The observed changes Ill water quallty are related to the 
uncontrolled releases from the me throughout the year as well as the processes which le1d 
to removal of contam1nanu from the water column to the sediment of the stream bed. 
Consequently, the range of observed percent chan2e in arseruc concentrauons m 
Wh1tewood Creek reported between 1985 and 198'"7 was from a loss of 80 percent in 
September 1985 to an mcrease of 490 percent in July 1985. 

Preliminary c:alc:ulauons in the Rl/FS indicated that the potential nsk to human he:ilth of 
ingesting contaminated water is too low to be of concern. in part because there is no 
current or anuc:1pated future use of Whuewood Creek surface water for dnnklng. The 
Nauonal Pnmary Dnnklng Water Standards for arsenic are therefore nenher apphcaole 
relevant or appropnate as a requirement for Whnewood Creek. There are no apphcab1~ 
standards for toxicants in the reach of Whitewood Creek within the Site. However. me 
EPA. 1986 Quality Cntena for Water document established arsemc levels for preverm:ig 
chror.ic toXJc1ty of 0.190 mg/L which may be considered as a relevant and aoproonate le\ e! 
for protection of the semi-permanent warmwater fishery designated by the State for 
Whnewood Creek within the site. Due to the potennal for exceedances of the nauonal 
chronic toxicity c:mena. coupled with the uncertain future rates of rele~e of arsenic fror.i 
the tailings deposits. EPA has determined that contmued monitonng of 'Whitewood Cre~K 
water quahty 1S needed. 

Veietatign. Cenain native planu growing on the tailings deposit areas contain 
concentrauonsof arsenic (maximum 240 mg/kg, Table A·l) above that of vegetation frc:-:-: 
the reference are:i. Some cultivated crops (alfalfa. for example) conwned concentrauor.s 
of arsenic elevated above baclcground. but below levels cited as producmg reduction m 
crop producnvuy or causing toxic effecu in hvestock. Arsenic levels were not elevated 1 :'! 
crops for direct human consumpuon. Dunng the endangerment assessment. consumpuo:: 
of vegetauon was not considered as a transport pathway, because of the low arsenic ieve:s 
and because arsenic does not accumulate in tissue or increase in concenttauon as it 
progresses up the food chain. 

17 



Contaminants 

The media most contaminated by arsenic and cadmium. tbe cot1.tammanu of greatest 
concern for this me, are tbe downgradient alluvtal aquifer. tailings depos1ts, 1mgated 
cropland soils and res1denual soils. Each of these media contnbute a poruon of the dose 
ingested by the exposed populauon depending upon the conce:itrauons of contaminants m 
the :nedJa and the mc1vtduals e:cposure to the media. Seeoon V discusses the volume and 
mobility of coctarrunams m these medta in greater detail. See Table A·2 for avera2e 
concenuauons of all substances assessed l1l the EA The chscussion which follows outluies 
assumed exposure patterns for a vanecy of exposure scenarios. 

Pathways 

There are a number of pathways by wluch contaminants from the tailings depos1tS mav 
reacn md1vtduals hvmg within or vts1tmg the me. EPA's EA for the sue concluded tr.at the 
pathwavs which present the highest nsk are ingestion of groundwater and m2esnon of 
contaminated sod media (tailmgs depos1tS, imgated c:opland soils and residenual soils). 

The existing ranches and potential ranch mes in the Whitewood Creek area could be 
expected to uullze groundwater from tbe upgrad1ent alluvtal aqwfer. Ranches couid also 
hypothetically use the downgradlent alluvtal :iqwfer m the future (See Figure A·2 and A·3) 

Some of the ranches exist near tailings deoosits and/or contaminated irrigated soils. 
lnadvenent soil mgesuon could occur at these ranches during an mdivtdual's hf eume from 
such acuvmes as ~laymg, hunung. fi.shmg. cutung wood. gardemng. and working in the 
yards and fields. Funhermore, household dust IIUght conwn arsemc blown m or 
mechamcally transponed (e.g .• dmy work bootS) from tailings and cropland solls. ~ost 
large dust pamcles which are breathed into the lungs are removed from the lungs by ~ne 
lung's self clean.mg acuon. ContammantS can become incorporated into mucus and 
swallowed. in a pathway referred to as umden~l soil ingestion. 

Addiuonal pathwavs were also considered. but risk calculauons were not develooed. Risks 
for the consumption of homegrown foodstuffs. the air pathway (through mhalauon of 
res~1rable particles) and the surface w:iter-pathway were not alculated in the 
endangerment assessment because prelmunary c:ikulauons in the RI/FS mdlcated 
concentrations of contaminantS and the potenual for exposure through these pathways 
were too low to be of concern. 

Population Exposure Scenarios 

The exposure to-the potential carcinogen, arsenic (Table A·2), and non-carcnogemc 
metals m soil and groundwater vta mgestion was evaluated for four exposure scenarios. 
These include 1) a representative adult site resident, 2) a representauve child sne residem. 
3) a recreauonal visitor, and 4) a hypotheucal future (maximum exposed) sne resident. 
Assumptions for ingestion rates are included in Appendix A. 



Alternative 1: No Action 

The No Acuon alternauve would consist of no remedial activmes. 

Tbe C"Urrent State of South Dakota ban on construction of water s~ply wells wuhul the 
100-year floodplam of Wbnewood Creek between tbe Crook uty Bndge and tbe 
confluence \lllt.h the Belle Fourche River would conunue to be enforced (South Dakota 
Water Rlizbts Rules, Secuon 74:02:04.26). This regulauon prohlb1u consUUC".JOn of wens 
that suppiy water to the public or supply water for bousebold domesuc use or for .. 
agncultural purposes. A vanance is also proV!ded for in this regulanon wb1cb mav be 
gra.-:~:d, if it is shown that a well m this locauon will not be conwmnatcd from taill.nas 
aepos1ts and will not cause groundwater polluuon. A public health and environmen:~ 
evaluauon would be conducted every five years. 

Alternative 4: Institutional Controls with Covering and/or Removing Surface Soils at 
Residential Properties (Including the Restnction of Future Development) 

Two acuviues required to refine knowledge of the e:ctent of site contammauon and defi:.e 
site boundanes would be completed dunng remedial design. A survey would be conducted 
to define the lumts of the 100-year floodplain. Soll would be sampled both at the surfac: 
and at depth to define the tailing deposit areas and parcels of land wtth sunace soils 
arsenic: c:oncenuanons greater th:in 100 mg/kg. Maps compiled dunng these acuvmes Wll! 
be used to suppon the county ordinances regardin' use of wllngs depoSJtS and fnngc 
areas. All rcs1dennal propen1es witiun the s1!_e which potenu:illy contain soils \I/Ith arseruc 
concenuanonsf.eoiter than 100 mg/kg as denned by dus uuual sampllng of soils would 
also be sample . 

To define the boundanes of the t:iilings deposit areas on both sides of the creek. transec: 
lines perpendicular to and at selected intervals along a baseline connccung the Crook C.:v 
Bndge to the point where Whitewood Creek Joins the Belle Fourche River would be laid 
out on a map and m the field. Pilrilllel baselines may be uulizcd as needed to 
accommodate local obstructions. Surface sotl measurements of. or samples for the anal<. sis 
of. tot:il arseruc: would be taken along c~ch of these transect lines near the approximate· 
boundanes of the tailings deposit areas on either side of the creek and at intervals as 
required to idcnufy the extent of sods wnb arseme eonc:entrauons greater than 100 mg/ke 
The sample locauons and assoaated analyuc:al results would be plotted on a map to dei1~e 
the boundanes of the tailings deposit areas. 

Tailings deoosiu will be identified by a staustic:ally significant change in the physical and 
chemical c:tiaracterisnes of the surface solids. These parameters may Lnclude, but not be 
luruted to, c:olor;l"arncle size, gr:un size distnbution and arsenic c:onc:entrauon. 

To define the locaaons and boundaries of those parcels of land outside and on the fnnges 
of the tatlings deposit areas that have surface soils arsemc: c:onc:entrauons greater than 100 
mg/kg, sample measurements or samples of the top one inch and at six mc:hes below the 
surface of sods would be taken along (or parallel to) each of the transect lines described :n 
the prcVIous subsec:non. These arsenic: measurements or soil samples would be taken at 
intervals beyond the apparent boundary of the tailings deposit areas unul arsenic 
conc:cnuauons at or below 100 mg/kg were detected. 

The survey to define the limits of the 100-yeilr floo~lain would Stan wtth ground truthing 
of exisung aenal photograJ:!hs and maps including Federal Emergency Management 
Authonty (FEMA) maps. The ob1ecuve of thlS task IS to analyze the potenuaJ for 

29 



redistnbuuon of existing tailiIJgs deposits dunng major flood events by identlfymg segmentS 
where flood events may result m sigmficant eroSion and/or dep051uon. 

Areas around the residential propemes Wlth greatest pommal exposure tp arseruc 
concentrauons exceedmg 100 mg/kg in the surface soils would be remedtated as 
subsequently descnbed. If the arsenic level exceeds 100 mg/kg wnhm a defined oarcel 
around each of the potenaally affected residences, the property would be subjected :o 
remedtauon as descnbed below. 

The parcel around each of the residences will be based on the most acuvely used por.ion of 
the property mcludmg the immediate yard (non-garden) around the residence, the 
dnvewav and garden areas. The boundaries of each of the residenual parcels and t.'le 
subarea.5 Wlthm each parcel would be determined during RD/RA. and must be 
coordinated wtth the current resident(s). These areas would be dewled on a res1denual 
me map as pan of the sue plan for each property. I.tis assumed that the residenaal parce!s 
Wlll be approXlIIlately two acres, and that gardens will be approximately 90 feet bv 180 fee:. 
If use oatterns exceed this area. then up to 8 acres and 2 acres respecuvelv Wlll be 
remediated. If the residennal property IS less than two aaes, the enure parcel. regardless 
of size, would be remedtated if the arseruc levels as detemuned from the samohna exceed . ~ 

100 mg/kg. 

A limited number of random samples would be collected from drivewavs and reside:mal 
sotls at any of the twenty-two residences which were wtthin the RI studv area but are 
outS1de the 100 mg/kg lSOpleth. If :iny sample contains surface sod coricentrauons greater 
than 100 mg/kg arsenic, then a residenoaljarcel would be selected for sampling as 
outlined above and remediated as reqwre . 

At the residenual parcel subject to potenual remediauon. a garden area des1gna:ed for 
food producuon would be 1denufied on the res1denual sue map along wuh dnve...,ays, 
buildings and other physical fearares. The res1denual area would be divided mto a ~:'!d 
with the lme spacngs set at 30 feet. Each of the 900 square foot areas defined by :h-e g:-1d 
Imes would be sampled to determine the arsenic level at the surface and the six inc!l cei'::: 
The two samples for ana.lys1S from each 900 square foot area (surface and subsurface) 
would be a composite of the less than 2 mm size fracuon from e:ich of the four quadr:i.ms 
of the area. If any of the samples from the surface or subsurface exceed the 100 mg; kg 
arsenic level. then that 900 square foot area would be subjected to remediauon. 

Samples collected during the Rl/FS indicate that where residential soils are contaminated. 
arseruc c:oncenuanons are above 100 mg/kg in the top twelve mches of soil. Samples take:: 
from eighteen and twenty-four inc:b depths were at background levels. It 1S assumed th:it .:i 
the non-garden_ areas where no invasive actiVIues occur, twelve inches of cover will prov1c::: 
sufficient protection for the residents. 

The remediation of those non-garden yard areas which exceed the 100 mg/ks arseruc !e\ e. 
therefore would involve some c:ombination of the following actions to mwnuze exposure..:: 
the residents to contaminated surface soils. 1) If topography, building foundauon leve1 
and resident penmt. 12 inches of soil cover would be placed. 2) If it is possible to m•untir: 
topograpbv consistent with immediately adjacent areas, or if the resident requests. the 
removal ot twelve mc:bes of soil and replacement with twelve inches of clean soil m:iy 'e 
required. 3) If surface soil arsenic conc:entrauons of less than 100 mg/kg can be ach:e\ e.: 
by removing 6 inches or less of exisung soil, this would be done, and sufficient clean so 1. s 
(20 mg/kg arsenic:) would be placed on the excavated areas. In any of these cases. the 
areas would be restored to their former vegetated c:ondiuo.ns. As coted below, excava: .: ~ 
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below areas remediated would be prob1b1ted by county ordinance, unless the soil is 
demonstrated to conwn less than 100 mg/kg arsemc. 

In garden areas. the invasive and nuxing activities associated with gardening could resulc m 
elevated levels of arsemc below that found m the adjacent soils. Twenty-four inches of sou 
would therefore be removed and replaced with clean sotl from off-site sources ( < 20 mg/kg 
atsCll1C). 

Roadways and dnveways at exisnng residential properties are paved with gravel or other 
non-asphaluc. non-cement matenals. Where the stirfac:e sotl arsenic concentrauons exce•d 
100 mg/kg, these gravels would be cleaned up. Six inches of exisung gravel would be -
removed and replaced with clean imported gravel or road base ( < 20 mg/kg arsenic). 

Contaminated soil and gravel will be disposed of at an off-site facility approved by EPA. 
such as the Grizzly Gulch tailings ~oundme~t.near Lead, South Dak~ta. Under secuoo 
12l(d)(3) of CERCl.A. any off-sne disposal facility used must be operaung m compliance 
with all applicable Federal law and Seate requll'ementS. The disposal will be undertaken :n 
compliance with EPA policy and/or regulauons goverumg off-sue disposal of CERCLA 
waste. 

Following removal and/or covenng activtties, c:ompoSJte sotl samples would be caken at 
one 10cb and at one-half the depth of soil or gravel cover from all remecbated areas in the 
manner prevtowly described. and analyzed for total arsemc concentranons. Sampling 
densny Will be suniliar to that requ1!ed for pre-remediauon sampling. nus c:onfirmauon 
samP.llllg would confirm that arsenic: levels have been brought to below 100 mg/kg. 
Similar sampling and analysis would also be performed after any flood event that resulted 
in mundauon of any res1denual property wtthm the sue. 

The arsenic analysis of soils and other matenal at the site may be performed using an EPA· 
approved laboratory or by a combinanon of laboratory and field analyslS wmg a. portable 
X-rav fluoresc:enc:e (XRF) instrmnenL The use of field-portable mstruments W1ll be 
acceptable after development of EPA·ac:c:eptable quality assurance/quality control and 
cahbrauon at an ac:c:eptable detec:non lllnn for the conc:entranons bemg analyzed. If 
samples are analyzed by XRF in the field, 15 percem of the imnal ch:irac:ten:auon and 
confirmauonal samples will be split and sent to an EPA-approved analytic:al laboratory to 
confirm the field reSultS and, for confirmatlonal samples. that the arseruc: levels are less 
than 100 mg/kg. 

The three counties involved, Meade, Bune and Lawrence, have all expressed a willingness 
to enact controls similar to those outlined in Appendix D of the Feasibility Study. These 
msntunonal controls would include: 

Countv zoning and building permit regulations would be adopted prohibiting 
residential and c:ommercal development within the tailings deposit areas and 
prohibiting residential development of properues that exiubat surface sotl arsenic 
c:onc:entrations exceeding 100 mg/kg. 

County regulations would be adopted prohibi~ the removal and use of tailings 
soils from the tailings deposit areas and prohib1ung disturbing remediated areas 
below the depth of soil removal/cover unless the soil is demonstrated to conwn less 
than 100 mg/kg arsenic. Mining of the ~ deposits would be allowed subJec:t to 
pertinent regulations of the State of South Dakota. 
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Excavauon below areas remediated would be prohibited. unless the soil is 
demonstrated to conwn less than 100 mg/kg arsemc. 

An educauon program would be conducted annually to acquamt sjte residents wnh 
the potenual health hazards associated with exposure to the tailings soils and 
downgradlent alluvtal groundwaters wttbm the sue. l1:us educauon would also 
mclude methods res1dentS can use to mwmize incidental ingestion of conwmnated 
matenals. A mechamsm to tniorm potential property owners of the potenual he~th 
hazards Wlll also be included in the educanon program. 

In the event of a flood where contaminated materials potentially were redistnbuted, the 
flooded are~ would be resampled. Acuon would be taken to return any newlv 
conta:mnated or re-conwmnated areas to post-remed1auon conchcons. · 

The surface water quality of Wlmewood Creek would be monitored at the U.S. Geolo!?ic::il 
Survey samphng stauons near Whttewood and Vale four umes a year. These sampuni 
events would be conducted in late winter before ma1or snow-melt runoff; dunng pe:i.k
runoff m spnng; dunng the low flow penod m late summer; and once unmediate!v 
followmg a ma1or preClpitauon event. Cononued monitonng of Whitewood C:ee·lc wate: 
quabty is needed to evaluate the effect of uncertain future rates of release of arseruc tom 
the tailings depositS on the enVtronment. These data will be revtewed dunng the five-year 
revtew. 

The rules of the Occupauonal Safety and Health Act would apply to the construc:t1on·type 
acuvmes earned out to remove and/or cover contaminated sotls. It is esumated that ii 
would take 9 to 18 months to implement the covenng and/or removal compone:u of this 
alternauve. 

A review of me condiuons (five·year revtew) w_ould be required every five years to e:"..Su:e 
that human health and the e0V1rocment are bemg protected by the remedial acuoc be;r.g 
tmple:nented. This would include, but not be limited to: 

Venficaoon sampling within the remediated residential areas. 

A review of development ac:uvity within the site. If development has taken piacc 
which is inconsistent wuh speaficaoons as described m EP A's ROD, these 
r{g~_mes would be required to be remediated ma manner consistent with the 

A review of the effectiveness of the education program m alerting present and 
potenlliA_propeny owners to concerns related to the contammauon which remarns 
on me. 

A review of compliance with the monitoring well ban in the floodplain. 

A review of the surface water quality data collected from Whitewood Creek to 
assure that levels protec:uve of human health and aquauc life are bemg mamtamed. 



Alternative 4a: Institutional _Controls ~Ith Covering and/or Removing of Surface Soils ot 
ExJsting Residential Properties (Allowing Future Development) 

This alternative would involve the same acuviues as Alternative 4, but wouid allow future 
development wuhlll the conwnmated fnnge areas o~ the 100-year tloodplam outS1de of the 
tailings areas. followuig remechauon to provtde condinons protecove of human health 
The counry ordinances to be enacted as addluonal insuruuonal controls would allow f~r a 
variance in wbich an approval of plan for cover and/or removal of soils of greater than 100 
mg/kg would be reqwred by the South Dakota Department of Natural Resources pnor to 
development of tbe land. 

A vanance procedure allowing development on lands withm the site (but ou!Slde ::ie 
tailings deposit areas}, following appropnate remechanon. would be adopted. A 
vanance procedure alloWlng public works developments on land UlSlde the tailugs 
deposit areas, followmg appropnate remed1auon. would also be adopted. 

A potennal developer must sample the surface soils of any parcel m the fnnge are:i 
decermmed to contain c:ontammated soils. The sampling program would be s1In1far 
co that outlined for res1denual remediation in Altemanve 4 to idenufv which 
29roons of the parcel conwn concentrauons of arsemc greater than ioo mg/kg. 
The developer then would subnut sample results and a remedial plan to the South 
Dakota Department of Natural Resources. nus remedial plan would describe 
removal, cover or other procedures for b~g all surface soils to 100 mg/kg and 
would include plans for confirmatory sampling. 

After approval of the plan. the developer may perform the work and confirn::itorv 
samplmg. The develope~ would also assume the obliganon of complying with a · 
county regulauon proh1bmng the removal or Impairment of any covers placed on 
the parcef under the plan unless pre-approved by the State. 

Alternative 5: Institutional Controls with Fencing of Tailings Deposit Areas and Covering 
and/or Removing of Surface Soils of Existing Residential Properties 

This alternative would involve the same actlvines as Alternauve 4 with the addition of 
1!1Stallauon of fencng around the penmeter of the wlings deposit are35. A three·str~d 
barbed wire fence, or equivalent. would be installed. using exisnns fencing where ava1iaole 
The purpose of the fence would be to reduce current exposures or sue residents to the 
elevated surface soil arsenic concentrations by discouragmg ac:c:ess to the whngs deposn 
areas. ARARs would be me same as for Alternative 4. 

Alternative 7: .JDltttUtlonal Controls with Partial Soil Cover of Tailings Deposit Areas and 
Covering and/or Removing of Surface Soils of Existing Contaminated Res1dent1al 
Propen1es 

Tlus alternative would involve the same ac:uviues as Alternauve 4 with the add1uon of 
placement of soil cover over b:uren areas (i.e., devoid of vegetauon) in the tailings deposit 
areas. Barren areas would be idenufied based on field observauons and reVlew of aenal 
photographs. In the places where these bare areas form steep banks along the creek. these 
banks would be peeled back to ae:ite banks having slopes of no more than 1 horizontal to 
3 veruc:al. The peeled-back tailings matenals would be placed in layers on the adjo1rung 
tailings depOSlts before placement of the soil cover. Six to l2 inches of nauve soils 
imponed from off-site sources would be spread over the barren aruJ/or stabilized t01ilings 
depositS. This cover would be veget4lted with nauve grasses to stabilize it and rruninuze 
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The estimated cost for Altemauve 4 to remove/cover contaminated soils at existing 
residences is $638,392 ($581.000 capital costs. Sl 1.000 annual O&M cost). Alternauve 4a 
adds tesung and removal/cover at 15 addmonal residences. Costs are esumated to be 
S882,813 (Sl,028,000 capital c:osts and Sl2.000 annual O&M cost). Alternauve 5, which is 
mrular to 4 W'lth the addluon of fencmg. is eswnated at Sl.345,841 ($981,000 capital costs 
and $31.000 annual O&M cost). Alternanve 7, which is altemanve 4 with the addiuon of a 
parual sou cover. is estimated at SS.605.254 (SS.471.000 capital c:osts and $16,000 allnual 
O&~ cost). Altemauve 9 is eswnated at S7S,OS4,923 ($107.575,000 capital c:osu and 
S36,000 annual O&M c:osts). 

Cntenon 8: State Ac:c:epwic:e 

The State of South Dakota C:ODC'W'S.wtth the selecnon of Altemauve 4a. 

Cntenon 9: Community Acceptance 

Public: comments that were received indicated that there is no c:oncensus on what presents 
the best remedial altemanve for the arsemc:-c:ontammated mill tailings along Whitewood 
Creek. Some amens expressed the opmion that the tailings appeared to present no heal:h 
hazard and that the No Action alternative was the best soluuon. An equal number felt that 
the tailings pose a hazard to human health and the environment th:it can onlv be miugated 
by complete removal (Alternanve 9). Other people were in favor of the remedy proposed 
by EPA. with reservanons about the potenual effect of the remedy on the economies of the 
community. 
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VIII. THE SELECTED REMEDY 

Altematlve 4a: Institutional Controls ~th Covering and/or Removing of Surface Soils of 
Existing Residential Properties (Allowing Future Cevelopment). 

Based upon a review of informauon contained m tbe me Admmisuauve Record. EPA has 
decided that the most appropnate remedy for the Wh11ewood Creek Superfund site 15 to 
remove and/or cover contammated residenual soils and resmct access to contammated 
tailings and groundwater by use of insutuuonal controls. As described LD Secuon IX below, 
tllls remedy is the most protecnve alternauve wl:llch would not bave adverse effeas to the 
enVU'oc.menL It also provides the greatest protec:tioo m the most cost-effecuve manner. 

It is estimated that it would take approxmiately 18 months to implement lilSOtutional 
controls and remove/ cover surface soils of exisung residennal properoes. It is also 
esumated that 15 addiuonal propernes will be developed through vanance from counrv 
ordinance over the thirty year penod. · 

The estimated net p~esent wonh for the seleeted remedy is $882.813 (Table A· 7). Capital 
costS total S l,028,000, SSSl,000 of wbich wtll be spent dunng start-up, $447,000 which wul 
be mcurred over the thirty year penod. Annual O&M costs are esumated to be Sl2.000. 

At exisnng residences e:dubiting greater than 100 mg/kg arsenic in surface soils, tbese soils 
would be removed and/or covered m garden, non-garden and roadwav areas. All matena1 
removed would be placed in a chsposal facility aoproved by the State and EPA wtuch is 
designed and constructed to bold wastes that are Sumlar in nature and concentraoon of 
conwnmantS. Soil sampling would be conducted both on the surface and at depth 
following this remedial action to confirm that remedial acuon goals have been met. A.nv 
propernes developed under vanance would be sampled and remediated in a smular · 
fashion. If remedlated areas should be flooded these areas would be resampled and 
appropriate acuon taken to return any conwrunated areas to post-remediauon 
contammant levels. A five-year review would be performed five vears after remed1auon is 
completed. South Dakota Water RightS Rules (Secuon i4:02:0626) ban on water wells in 
the Whitewood Creek 100-year floodplain would also be conunued. 

The scope and performance of the remedy selected m this ROD are consistent with the 
remedy proposed at the start of public comment because the elements of remedial actlon 
to be implemented are the same. In response to comments received from cmzens dunng 
the public comment period. EPA bas deeded wanung signs and notice in deed are not 
necessary because the proposed educauonal program is deemed to be suf:fioenL 

Response Objectives 

The response objectives for soil remediation at Whitewood Creek are to control exposure 
through ingestion of conwninated wllngs deposit soils. alluvial soils and rc$1dcnua1 soils. 
or downgradient alhmal groundwater. Target cleanup objec:uves for groundwater are the 
Maximum Conraminant Levels. Target clean-up ob1ectives for soils were developed based 
on soil concenuauons wbich correspond to carcmogcnic health risks of 1 x l<r'. 
Acceptable conwmnant levels for the chemical of concem (arsenic) in residential soils are 
100 mg/kg. based on the l x l~ wget risk levels derived in the endangerment assessme~t. 
This acuon level would also reduce non-carcinogemc nsk to an acceptable leveL A 
summary of these calculations are provided in Appendix A of this documenL 
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pp 5 and 6), from the 1170'• to th• end of tb• century, many qold 

mininq companies di•charqod tailin9• into Whitevood·craeJc or its 

tributaries. During that period, a sul:lstantial portion ot these 

tailing• were depo•ited on and in the alluvial materials ot the 

floodplain Decause the creek was a small aeanderin9 str•lllD vit.h 

insutticient capacity to transport th• larqe quantities ot 

discha.rqed t&ilin;a. Th• depo.ited. tailinqa and some alluvial 

material filled in th• meanden of the creek anc! ther~ 

straiqhtene4 its cha.nnal and inc:reued its qradient. This, in 

turn, caused. the c:raek to dovnc:ut ita =ann.1 to or near to 1:h• 

r••i•tant shale wtlic:b toclay forms th• channel i:.ottom tor :moat ot 

th• lenqth of th• 18-ail• atretc:tl. In addition, durinq tlocdinq 

ave.ta, tailinqa were d.epoaited in overbanlt ar ... throu9hout 1:.ll.e 

floodplain. Except at the Sheeler •ite, vbicb is cUacuaaad 

below, it i• believed that vuy littl• deposition of tailin;a 

occurred a:ttar the turn of the ~ Mc:au.e th• inc:raaaed 

sediaent carrying capacity of th• 1:n.Ufom.d c:reeJt ctwmel 

&nBled the ~ Of thMe tailJ.Jiqa dovnatnu of the Site. 

In 1977, th• cli•c:l:laZ'99 of tailinqa into Wbitevoocl CneJt vu 

terminated vba JloMs1:aJca put ita tailinp illpoundaent at Grizzly 

Gulch into operation. 

1.3.1 ~iluJa Depo•i~ 

Th• tailinp cSepaita laid dawn over ao yean aqo have 

raained very atele aince tll• tun of the century u eviclenced 

D}' a •tud\' ot the a9e of the trau tb&t, today, are qrovinq on 
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th• deposits (Cherry, et.al l986a at p 6 and Blatt 1988) and as 

turther evidenced by aerial phctoqrapha. Th• &ru• covered by 

these deposits are shown en the map at the end cf thi .. dcc:ument. 

The stratiqraphy ot the ta.ilinq• d•po•it ar... qenerally ccnsists 

of (l) an upper depc•it cf tailinq• ranqinq from approximately 

one to fifteen feet thick and 50 to several hundred teat wide on 

each side cf th• crnlt alcnq its full 18-mil• lenqth within th• 

Site, (2) an underlyinq strata ot natural alluvium ccn.istin; ct 

sandy to sandy silt material• with variable amounts ct interzixed 

tailinqs, and (3) the thick Bal• strata that tcma th• tlcor of 

the valley C• .. Pi;ure 4 cf Cherry, et.al 198,b at p 2). It is 

uti.Jllated that approxillately 25 to 37 llillion ton. of tailinc;• 

were depC19ited in the floodplain vithin th• Site. 

At th• s1i .. 1er site, th• depo9ition histozy and mechanic• 

were sliqhtly ditfuent. Sametiu durinq the 1930'•, a diversion 

channel was ccn8tructed alOD9 Wbitewood creu near its co~luence 

with th• Bell• Pourche River. Sml9tim after its construction, 

Whitewood creek braac:bed tba channel and depo•ited tailinCJ• over 

adjac:.nt areas. ~ clcNn=ttinq of the Whitewood creek 

channel routed the creek aZ'OUD4 t!l.ia area leavinc) the ycwiqest 

deposit of tailinp c:arnnUy existiftv vithin the Sita. 

FZ'Oll th• 1870'• until tl:a• CUHticm Of tailinqa diacbarq•• 

in 1977, Whitewood er.- ca=ied a heavy n.mpended solids load 

and emibited a gnyiU, aesthetically diapl-in9 color. Aa a 
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result, th• waters of th• creek were sparinqly uaed for 

irriqation or stoc:Jt waterinq purpose• and did not provide a 

habitat tor a per11&.nent fishery. Sine• the ceasation·of tailinqs 

discharqas, the physical appearance and quality of the waters ot 

the creek have improved dramatically. Except durinq floodinq 

conditiona, the creek carries clear, aesthetically pl•a•inq water 

with no vialble suspended solids. A.a a re•ult, it is 

occasionally used for irriqation and stock water supply, althouqh 

th• principal source• of stock water suppli•• continues to be 

qroundwatar well• and th• principal •ourc:• of irriqation water 

supply i• th• irriqation sy•t.. that aarve• the irriqation lands 

in th• lower portion of th• Sita froa a diveraion on the Bell• 

Fourche River upatraam from the confluence ot Whitewood creek. 

In the upper portion of th• Site, there ia some pumpinq or 

diveraion of irriqation water tram Whitewood creek. 

Whitewood creek within the Sita ia duiqnatad l)y th• State 

of South Dakota for the beneficial uau of varawatar, 

semipermanent f iah propaption and liaited contact recreation. A 

semiperunant vamvatar fiahery doa uiat in the creek within 

th• Site. In addition, the State of South Daltota hu 

occasionally atoc:k.S trout in the upper ruc:hu of the creek 

within th• stta and in reac:bu of th• creek upatr ... from th• 

site. Tb.is cold water fiahery ha• not been and cannot be 

••~liahed on a permanent buia because of phymical hBitat 

reatrictiona, principally hi;h water taperaturu and lov non. 

In the upper raac:bu ot th• Site, the Whitavoocl creek 



corn, hay, alfalfa and milo ar• th• principal crop• qrown an 

tl1• irriqat9d crop lands (Fox l984a at p 275) • Hay i• the 

pruicipal crop qrown on non-irriqated cropland. Thu• cropa are 

qrown for liveatocJc f•ed. 'l'h• ranq•land ia ua9d for qnzinq 

livestock, principally cattle but a few sh••P and qoata 

(Geochaical 1988c at pp s-6). Sou of the ranchu maintain 

small v99etabl• qardena and a few fruit tr•u (mo•tly apple) to 

produce food for their own use (Geochaical 1988c at pp 3, 5-6). 

1.3.1 i-opula~oa 

Th• population of the Site i• rural. Fox utiaated that so 

houa9holda (exclusive of houaeholda within th• Town ot Whitewood) 

and a population of 1,104 exiat9d within on• ail• on either •id• 

of the 18-.ile reach of Whi.tnood c:raeJt within the Soi.ta, and that 

168 hou.eholda (exclusive of thoM vitbin the Town of Whitewood) 

and a population of 1,468 existed vi.thin three ailu on either 

side of th• creek (Pox lt84a at p 260). 'l'hue 1• and l•ail• 

areu cover aon land t.ban th• 100-year tloodplain Which def inu 

th• Site and include t!la Town of 11hitevoo4 (population 821) which 

i• locat9d outaide or tile Sita nur ite upper end. Thus, thu• 

eatimatu overstate 1:.he mmbu of hou.ehold8 and population that 

exist on the Site mr ••· Ceochaical Enqineerinc; inventoried 

th• population.liv~ on or near the Sita iteelf and found 22 

active hcuaeholda ancl 5 vacant houaab.old propertiu4 (Geoc:heaical 

4 Does not inc:lude Jtoc:k or Keiry. 'rh• vac:ant houaeholda 
are Dillinqer, Nelaon, Sheeler, Sllnler (two houmu) and Ude. 
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practice• or water quality conditions in the Whitewood c:reelt 

ba•in· were conducted 1'etveen 1960 and 1982. A review ot th••• 

studies is provided by Fox (l984b in Appendix A). All but one of 

th••• studi•• were tairly narrowly toc:u••ecl and most contained 

limited data. 

Th• tirst comprehensive study of tailing's depo•ita and 

qroundwater quality on th• Site va• conducted by th• south Dakota 

Geological survey in th• mid~l970• (Pox l984b at p 29 in Appendix 

A). Althouqh thi• study wa• complicated by aonitorinq well 

construction and analytical prol:ll ... , it provid .. •o:ae evidence 

ot elevated lev•l• of anenic in th• alluvial ;roundVat•ra 

u.nderlyinq tailinqa deposita and increa•inq concentrations of 

araenic in Whitavoocl c:rHJt u it puacu thrOUqh the Site. 

Th• inv .. tiqationa ccmcluc:te4 by Pox (reported in 1984&, 

l984b, l984c, 19844 and 1984•) found eleva'ted concentrations 

(i.e., qruter than acJcqround conc:antrationa) of arsenic, 

cadaiua ancl other •tal• iD tm:'M zonM ot •tarial situated with 

th• Site (i.e., within th• lOO•year floodplain of Whitavoocl 

Creek: Cl) the tailinqa clepoaita, (2) the alluvial aatarial• 

underlyinq th•M t:.at.U.nq depo•ita, and (l) the surface •oil• in 

some of th• iZ'riCJ&ted landa vi~ the floodplain adjoininq th• 

tailinqs deposits. ft ... •twli• alao foun4 the relea•• or 

potential release of anenic, c:adaiua and other aetala into (1) 

th• qroundvatara contained in the alluvium lmderlyinq tailing• 



depoaits, (2) th• surface waters of Whitewood <:r•elt, (3) th• 

native veq•tation ;rovinq on th• tailinqs d•po•its, and (4) t.h.e 

cultivated veqetation qrown on irriqated lands within.th• 

floodplain adjoininq th• tailinqs d•po•ita. 

Sul:>sequent invutiqationa conducted by Geochemical 

Enqineerinq, Inc. (Geochemical 1989& and l989b) touncl elevated 

arsenic concentrations in the aoil• of two existinq ruidential 

propertiu (cm th• Alan and Rictar ranehu) located on the fringe 

landa outside ot the tailinqs deposit ar ... but within the Site. 

1.5.1 Tailiaqs Depoaita 

The tailin;• depoaita r&ft9• in thic:Jale•• trcm lua than cine 

toot to 15 feet and cover an uu traa 50 to 300 tHt vide on 

either aide of Whitewood creek over 1I08t ot its 18•ail• lenqth 

within the Sita (Pox 1984& at p Sl; ai.o - 'l'ule 1-1 in this 

sec:ticm tor data on the thic>cn .. • ot the deposits). It i• 

estillated that the total volume ot th ... deposits within th• Site 

i• 25 to 37 million tona (lliE 1989& at p 13 aid M'1t 1989b at p 

13). 'l'h ... tailinp an readily idmtitied by their color, 

texture and po•ition relative to the atrau (Pox 1984• at p 13). 

Aa explained in Section 1.4, they are th• crutled oru raainin; 
,,,_. 

troa the utrac:tion of 1JOld in ore millin9 operations. Aa auch, 

they contain varyinf uomsts ot th• unondized or partially 

ondized ainaral• (araenopyritu, pyrrbotitu and pyritu) that 

were contained in the parent oru. They aln contained varyinq 

amounta ot the oxidised mineral products C•·CJ·, anenatu and 
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concantration of 0.4 mq/l in the pore vatera of th• 
depoaita, it is estimated that 40 kg/yr of arsenic are 
transported out of th• tailinqa d•po•iU and into th• 
alluvial qroundwater underlyinq the depoaita (Cherry, 
et.al l986c at p ll). This i• an extr .. ely Sll&ll 
amount when compared to th• ••timated 45 million 
kiloqrama ot arsenic contained in the tailinqs deposits 
and th• estimated 640,000 kiloqrama oft arsenic 
contained in the underlyinq alluvium. 

Th• toreqoinq conclusions indicate that the arsenic in the 

tailinqa deposit areas ia very ilmlobile and is beinq released and 

transported very slovly and in very low aaounu into th• 

underlying downqradient alluvial groundvaten. An analysis of 

the distril:tution ot constituents in th• tailinqs deposits 

veriti .. thia by providing' pr1p• fasie evidence that little 

vertical transport ot arsenic ia now oc:currinq or ha• occurred 

over th• paat ao yeara (Cherry, et.al 1986c at pl). Th• small 

amount of arsenic that i• tranaportacl into the underlyinq 

alluvim very aliqhtly &U9119ftta th• larqe aaount of arsenic 

already contai.ni.nf in this alluvia, th• tat• and transport of 

which will be diac:uaaed in the next MC:tion. 

There uncloubtedly is loaa of tailinqa and their entrained 

arsenic to th• surface vatera of Whitewood crMJt through scourinq 

n It i• eati.Jlated that 21.& ail.lion tons (19.6 x 109 kq) of 
tailinqa extft' vit!Un the Site. It thaM tailinCJ• have an 
averaqe arsenic concentration ot 2,320 119/tl) (derived trca Table 
l-l), then th• total quntity of anenic in the tailinqs i• 45 
million kil~. 

It i• eatillated that at least 10 aillion tons (9 x 10' kg) 
of alluviua underlie th• tailinp deposits within th• Sita. If 
this alluviua has an aven9e arsenic concentration ot 71 mq/kq 
(derived troa 'l'ul• 1-1), then th• total quantity of ananic in 
thia alluvima ia 640,000 kil.oqrama. 
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al)aenca of mic;r&tl.on of arsenic into undarlyinq c;roundvaten. 

There uy be some minor transport of arsenic from the 

irriqated (and non-irriqated) cropland •oil• to th• surface 

waters of Whitewood creek throuqb soil eroaion proc .. •••· Thia 

contriDution cannot be distinquished frOJI that from t.h• tailinq• 

deposi~ (throuqh acourinq and erosion) diacuaaed in Section 

l.6.l, and it is included, to the ext8nt that it occurs, in th• 

eatimat .. qivan for tailinqa deposits in that section. 

i..t.t anaia a auiCSUU&1 lnpeftf loil• 

Th• abova-backqround levels of arsenic in the soils of soma 

of th• r .. idential proparti .. within the Site are availal:ll• tor 

crap upta>te f roa the qardena on tl:l... propertiu and h\1Mn intake 

throuCJh incidental inqestion of soil• be the residents of th••• 
properti... Th• hlmllll hal th illlp&cta of an.Uc intaU throuqh 

th• conswaption of fruits and vaqetal:ll• qnvn in th• 9Uc:lena on 

th .. e proparti• are u ... Hd by tJSDA (1989) and (ICl' 1989). 

Th• hmaan halth impact of arsenic intaJca throw)h th• incidental 

inq .. tion of the ~aca soil• on ~ properti.. is ...... ad in 

EPA'• Pinal Endan9az11811t Aa ...... nt (Jacobs 1989). 

For the .... maons stated in SUbaection 1.6.3, there is no 

indication that tba arsenic contained in the soil• of the 

residential propezti• within th• Sita are aigratinq into the 

upqraclient alluvial qrcnmdvatan that Wlderli• thua propertiu 

or are aigratinq to tba surface watan of Whitavood creek. 



person who liv•• in a home located within the tailinq• depoait 

areas and, thua, is expo•ed to th• averaqe concentrationa ot th• 

soils of th• tailinq• depoait area• 65' of th• time, and who use• 

th• downqradient alluvial groundwater• tor drink water supply. 

Put is simpler terms, the repruantativ• Site r••ident is one who 

encounters the hiqhest pr~a!)le expoaurea under current residency 

and livinq patterns, Whereas the lll&Xi.mlm expoaed Site resident is 

one who, in th• future, may locate and live in a household 

situated in th• tailinqs depoait areas, a poasiltl• 1'ut unlikely 

scenario. 

1. 7 .1 Potati&l ca.rala09uio. aiau 

Th• aaauaent utiaatu (Jacol:t• 1989 at Ta!)le 6-1) that th• 

potential litetiae excu• carcinogenic riab troa exposures to 

arsenic throuqh the inqution ot within-Site aoil• and 

groundwater are aa tollon: 

Sircnmdva~IE bil l:lil~IJ. 

Repruentati.v• Site 1.1 z 1094 2.4 x 10 .. 4.3 x 10·4 

Resident 

Maximml Expoaed Site '·' z 10·1 2.1 z 10·1 7.0 x 10·1 

Reaident 

Recreational V18itor - a.2 x 10°5 a.2 x 10·5 

Reterence Site 4.2 x 10·5 l.S x 10°5 5.8 z 10·5 

Re•ident 
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Th• CERCLA prcqram considers potential risks that ar• 

qreat•r than 1 x io·4 to be unaccepta.bl•. Aqain•t this 

criterion, th• potential risks to r•creational visitors and to 

the hypcthetical resident of the ref•renc:e site are acceptable, 

and the potential risks to both r•pr••entative and maximum 

exposed Site ruidenta are unacceptable. However, with respect 

to qroundwater, th• potential risk from consmU.nq drinkinq water 

that ha• an arsenic concentration at th• National Primary 

Drinltinq Water Standard would be 1 x io·J. Therefore, the 

potential risk to the representative Sit• resident from the 

conswaption ot qroundvater woul.4 be acc:epta.ble4
,. 

From these estimates, it is concluded that the IU'9enic 

concentrations in the .urface soils within the Site present an 

unacceptable potential risk to ruidenta ot the Site. An 

exaaination ot the derivation ot this potential ri•Jt from th••• 

soils to the repruentative Sita ruident reveals that it derives 

from thr•• sourcu: (1) the surface soil• of those ruidential 

soil• within the Sita that eJdUl:)it •levatac! concentrations of 

arsenic, (2) th• .urfaca Hila ot the tailin9s deposit areas, and 

(3) the surface soil• of the iniqatad croplands within th• Site. 

Th• contributions of tbue sourcea to this estiaated potential 

risk are aa follOV8: 

41 It should M noted that the potential risk for 
qrounclvatera is auoc:iatad vith th• consumption ot c:lrinkinq water 
drawn from the upcJradient alluvial qroundvatera vbic:h are not 
impacted by tailinqa. Bence this estiJlated potential risk is 
associated with arsenic concentrations in c:lrinkinq water suppli•• 
that derive from natural cauau. 



Ruidantial property soil• 

Tailinqs deposit area soil• 

Irriqatad cropland soil 

C=mbinad 

2.03 x 10°4 

0.36 x 10°4 

o. 06 x io·• 
2. 40 x 10. 

This partitioninq clearly Showa that th• dominant contributor to 

th• unaccapta!:»l• potential risk to th• repr .. antative Site 

resident from th• incidental inqution of within-Sit• soils is 

th• surf ace soil• on tho•• residential properti.. that po••••• 

elevated arsenic concentrations as a result of p&9t deposition or 

placamant Ca• road ;ravel) of tailinq• on thi• propertiu. 

An examination of th• derivation of th• potential risk from 

within-Site soil• to th• max~ exposed Site ruident reveals 

that it deriv .. wbolly troa potential residential exposure to th• 

surface soil• of the tailing• depoait areaa. Althouqh suc:h 

expoaure does not currently exist, it ia theoretically possi))la 

that it could occ:ur as a re8Ult of a person or taaily ~uildinq 

and liviruJ in a hou in th• tailinqa deposit areu. In 

sUJllmUY, th• aa-aent shows that, with reapect to th• 

incidental inqution ot vithin•Sita soil• by Site reaidenta, th• 

soil• of exi.tinf and potential ruidential propertiu located on 

th• trinq• ot the tailinp deposit areu that ubibited elevated 

arsenic concutn.tiona present th• doainant potential 

carcinoqenic riak tor curnnt livinq and expoaure patterna, and 

th• soil• of tb• tailinqa depoait areas pr.aent th• daaiNU\t risk 

for possible tutu.re livinCJ and exposure pattarna. 

From th• above utiaataa, it alao i• concluded that arsenic 
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concentrations in the down;radi•nt alluvial qroundwatars present 

a posslble future unacceptable potential risk (the risk .. tillated 

tor the maximwa exposed Site ruident tor groundwater). Thu• 

c;roundwaters do not present a current potential risk because they 

are not beinq currently used tor water supply, and because a 

State raqulation prohibit. the installation ct water supply wells 

within th• 100-year tloodplain ot Whitewood crau within which 

th••• qroundvaten are situated. 

1.1.2 ~taUal Boa-carciAoqaio Bn.ltll %apafta 

Th• as•u-ent .. timate• (Jacobs 1981 at Tel .. 6-2 throuqh 

6-6) that the potential hazard indicu associated with the 

c=mined exposures to ananic, cadaiua, chroaima, copper, lead., 

manqan .. e, mer~ and nic:Jtel throuqh the inqastion ot vithin

Sita soil• and qroundVatar are u tollon: 

c;rppnmter b.ll TotAl 

Representative Site o.54 o.u 0.7 
Resident 

Maxillml Exposed Site 3.8 1.1 4.9 
Resi.dent 

Recreational V19itor -- 0.05 

Reference Site 0.4 o.o 0.4 
Ruident 

Representative OU.ld - 1.0 
Sit• Resident 
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Th• CERCU proqru considers a hazard indu ;reatar than one 

to be potentially unacceptable. Ondar thi• criterion, th• 

potential non-carcinoqenic health impacts tram th• inqe•tion ot 

within-Sit• soil and th• consumption ot within-Site qroundwatera 

are acceptal:>l• except tor the maxillwl expo••d Sit• resident. The 

potential health impacts tor suc:b an individual are unacceptable. 

Th• cause of th••• unacceptable iapaeta i• th• •••\Died residency 

of the maximwl expo•ed Sit• r .. ident on th• tailinq• deposit 

area• and the concmaitant hiqh rat.a ot incidental inq .. tion of 

the.. soils in thue area• and th• COM\DIPtion ot dovnqradient 

alluvial qroundvaten, exposure not currently encountared by Sit• 

resident. but exposuru that could ))a encountered in th• future 

it th• tailings d•po•it areas where to be used tor residential 

properties and the dovnqradient alluvial qroundvaten were to be 

used tor drinldnq water supply. 
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l.u i~T~OOUCTl11N 

"."ne .ih1 :.:wuo11 Creek. Study focu~ed on an ~· ~hrcen ..,i l r> seyonenc ~r :~~ 
"l'.Jod;ilairi of "nitewood Creeic aoove its corifl·Jence witn tne Relle =-,ur:i= 
~i"er and a fi"e milP. section of tnP ~ellt! Fourche ~iver (see :>1,..~ .. s l ~nj ?' 
~nic'I "1a1 'leP.n i:n;iactet1 by tne historical '"elease 1f ·~ilings fror> :"'~ ~·-·-; 
:=ico:i"ities near Lead, Soutn l)alcotL 

~hic~wood Creek is a tributary o~ t~~ ~P11e Fnurc~e River, flowing '"'.Jr:.,-
1~ast from its source i11 the Black rtill; of So11tn r>aicot~ ;:>Ht t"1e 1iomes:•q! 
"1ine and tne towns of Lead, Oeadwoot1, aM Whitewood t>efore Pm~rging onto :i~ 
floo1plain of thP. Selle Fourche :iiv.,,.. l)n the "1•ssouri ?late~u. [t is fee''!'. 
several s111~l l headwater streams that enter upstream nf the 18 mi le segrio?,,: 
under stu~y. From there Whitewood Cree~ flows into the ~el le Foyrcne ~iver 4t 
the d.>w:istream "'nn of the lA mile segment (1t snoulc:t "1e notecl i:nat this ~-l 
mi~e stre~m segrr.ent is linear rather than stream '!'Illes). ine 3elle Fo•Jrc., .. 
~iver Joins the Cheyenne River approximately 130 ~iles fartner downstream. 

The Homestdke 1•11n1n9 Company, luccttP.11 in Lead, Soutl'I Jakota, oegan •Jol" 
min1n9 operations 1n the Wh1tewood Creek wat~rshed in the late 1B70'~ fol 10~-
1ng development of the gold dP.posits "'hich wH initiated p1·1or :o lHSO. ·.,: 
f1rc;t m1ll1n9 utilued crude metl'lods to crusn tl'le ore and recoveren gol::i -:..' 
!Jrav1ty means or by amal~amation with mercury. 13y 18~0. the ver-y pr1 na:·,= 
nonmechan1zed methorts of mill1ng wer-e replaced by more than 1000 stamp ..,,;•s 
(largP. ~l"cks of cast iron or steel dropped onto replaceaole anvils\, crusr 1

"; 

the ore to a coarse sand s1ze. ThP. tailings were then rl1scharged to whitewor.o 
Creek or its tributaries. Prior to tne turn of the century much of ~nt! re 
consisted of ox1de or hydroxide minerals wt11ch were residual oxidation ~ro
ducts of the arsenopyrite, pyrrhot1te and pyrite mineralization of :he Jri;-
1nal unoxidized ore bOdies. 

After the turn of the century the deeper, reducet1 or-es from ne 1 ow :'1e 
zone of oxidation were tl'le focus of min1ny -'Ct1v1ty. These ores containe1 
large percentages of reduced oxidation-state mtn@rals, includin~ arsenopyritP 
and pyrrhot 1 te. The use of cyan 1 de 1 n the ml 11 i ng process a 1 so ::>'!gan a!:>ou: 
this time. !!_the mtning went deeper-, maintP.nance of tne structural 1ntegri:.• 
of the mtne walls necessitated backf1lling w1th tl'IP. coarse fractio., 1 i .P., 

sand size Port1on of the tailings. The finer fr-action, referred to as :"'? 
slimes. contfnued to be discharged to the Wh1tewood creek Basin. Jiscnar~e 
from a number of sources cP.ased 1n approximately 1920, wl'len Homestake ~1n1"; 
Company b-.c:ame the only r-e1111infn9 source of tailings d1sch~r-ge. 

Mill ta1l1ngs "'!l"e discharged 111rectly into Whitewood Creek througl'l'.J•J: 
the hundred year h1Story of the 1nini11g operat1ons unt1l 1977, with ei.ceptMn 
of a hr1ef per1od (about S years) during World War tt wl'len the min.? "H 

closed. ln 1977 Homestake Mtning Company, the only large commercial 1T1in1~; 
company rema1ning in the area, consuucted a tailings il'llpoun•JAtent in en~ u:J:Je~ 
reacl\es o.f the 111atersl'led. Mining op@rations ov@r- th~ tl'le last century rlJ•~ 
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~H''Jduce<'I ~nout l,01Jll,IJL1f1,nn 11 ro,,s of ,.,,..!? "nt1 c•Jrl"'P,,tly '"xtPnCI co • '->):" 
~xceedtng 13,0tlO feet helow t'1~ surf~ce. ih'! pr,c .. ss1ny of t'1e ore~ .,~~ 
::'13nye'1 'lver the years. as "dve "he Pxtract t v'! me.ta 11 urgy and C"e cn3r!C"•.,·-
1s:1 ::s of :ne wastP strea~. Methods for t~~ cnmninuc1on and ~enefic1~:1,n :l" 

:.,e ,,res nave ~ecam'! ~rogressiv .. ly ~l')ra ~fficient, as 111scuSSP1 a~ova, ~, :.,~: 
~arl 1er :!1l1.,.;s .. ~re more :::iarse 3nd conqi,,e<1 n1ghPr •nPt~l valuPS '.F'. ::-.,, , 
:JPl"Svn~l :".l•~m•,n1-:.n1ort, ll.l~3~. 

M .. rcury a.,a l ~amat, ,,,, •1 • ·he ·Jr•!'i "".3S uc;et1 over t"e ;rer!t ~,. , .. r• ::>"' , ' · - ... 
i,1er:'lti'n ant1 w~c; r.or-:1n11e1 un-;:11 Januar-y 1971. ih~,..P. 3re va"tous ~ ... - ... ~ 
-.;uote1 1n ava1ldble literatur;:o fl)r tne vl')lurnes of mercury usen ~nci lus· -~ :"" 
··~ste St"eam ;n tnn procec;c;. v•Jl')t'!S vary from .3n Ptyhtn of ~n Ou"::~ :J 
JltT!OSt Hlf ;in riunce oer ran of ore r:rt1Shad, with up trJ Sn percPnt 0' ·-·~ 
vol<Jrne heing lnsi; to :.,e l'IHte stre'!1n. levels of mercllry •n th~ re-:? 11·n; 
si:r"i!t11 h.h~ "leen r-ppori:ed i:o bP. as hl 9,, as 9.1 "'IJ/1 ()nutn Dal<ota Dept. Jf 
HP.-'lth, 19611) in l":l'i3 alChl')119h ~ver~~e levels wl!rl! consid~r3"11:; :01o1P.". :1 ~
.,,d?. t-tas also '>el?., ut 1 l ized i,, tn~ golt1 recovPry ;Jroc~c:;s since tl'le ~i,..1, 
19'10' s, 11nd hH ::>e'!n 115\!d 1 nc re!S 1 ngl y to process t!'IP. lower Jr"c1es of ., re J "'O 
incredse gold a,,c• silver rp.::over1es. Since t:he ca;;s.,ticn uf mercury .se ,., 
1971. cyanide nt!c; hePn 11sed ?.xcbs1ve1y ~'Jr" gold recove,...y. ~he -:a1l1ngs ~ls.: 
co,,tr1tneo cons1d~rable quantit1es nf arc;enic wnicn •a'i ,..P.,.ived frori ,.,,..,er:!1s 
in tne ore. 

Tailings. cons1st1n9 l')f t'1n..,ly ;rounrt "1.>Cir., r~siaual ,,.et~ll1: i,,,., .,,,,,_ 
111etal l i c compoun.:ts not e1ttractet1 '"lJ the ..,en'!fici ati on prncesses, anrj :r3:.: 
co•npollnds 1JSe<4 1n the ext:r-active pMc~sc;ec;, ~ave been transpori:ec1 ana ·e,ns-
1ted ::>y fluvial precesses acting 1n the po"t1on of ~hitewoot1 Cr-ee~ 1owns:~~3~ 
from ,..,e 1111 ne. In p 1 acP.S tne t11 i 11 ngs ref'la 1 n , n ahl'IMOnPd Chc!nn~ 1 ..,e., nnpr s. 
ha,.s. and other rtepositional fP.atur-es and may h'! cont1nu1n9 to leo!'cn mei:als ·:i 

surface and suoc;urface waters. 1-!eports int11cate tl'lat in 1963 ~s ri1Jcti ~s l,,1rn 
tons j)er <'lay of t-!ilings. together wir.n 12,500 t:ons per day of water, wer~ 
!Jeing discharged to l~l'litewooe1 Creelc. though th1s process was cPaSPd iri l~i;e 
1977. Thuc;, although Clirrl!ct rtischarge l)f the ta1lings has cec!seij, tne ca1l-
1ngs currently 1n place along Wl'lit:ewooii Creek provide a potential t" causP. 
degraddtion of ground water quality,,, the alluvial t1eposits and of surfac~ 
water quality in the Yh1te11110o~ Creek valley and ~ownstr•am area. The po~en
tial for the release uf deleterious chemical constituents fl"'om the tailinys :1 
gr-ound water a"d surface waur is .Jggravated hy ttoie fact th~t t~e sul •ll""' 
nnnerals in the tailings (arsenopyritf' dnl'.I pyr,.nt.ite) can oxidize when ,,, 
contact wit,Lwater and oxygen. ~ci<1 formation acco1npanies the oxl<Ptron 
pMcess (Cherry, et al., 19~4). 

The Comprphensive Env1ron1nentc!l ~upons@, Co111penc;at1on and Lun1li~y !c 
Jf 1980 ( CERCLA) ( C>!.-05-510) required tn'! Pres 1 dPnt to 1 dent: if y tne 400 f .,c 1 1 -
it1es 1n tl'le Nation warranting th'" nignest priority tor remedial act11'),,, 'n 

order to set the priorities, CERCLA reciu1res that criteria be establ1s.,e1 
~ased on relative risk or 1anye,.... 

On October 23, 1CJ81, Fnvironmenrdl 'r-Jtection A9ency (llSEP•) pul'>l 1~.,~· "" 
interiin list rif 115 prior1ty 'iltes un•t'!r CERCLA. One of the interim s1t 0 s ,, 
dt!S i gnatl!('I was an ll:S mi 1 e s?.9r1en t of i4ii 1 r.ewood Creek. The Whitewood C ,.~ .. < 
site was listed pr-incip.\lly upon information provided to USEPA .,.,Y tne 5:"' 
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Mining Waste NPL Site Summary Report 

WAYNE INTERIM STORAGE FACILITY/W.R. GRACE 

WAYNE, NEW JERSEY 

INTRODUCTION 

This Site Summary Report for the Wayne Interim Storage Facility/W .R. Grace site is one of a series 

of reports on mining sites on the National Priorities List (NPL). The reports have been prepared to 

support EPA's mining program activities. In general, these reports summarize types of environmental 

damages and associated mining waste management practices at sites on (or proposed for) the NPL as 

of February 11, 1991 (56 Federal Register 5598). This summary report is based on information 

obtained from EPA files and reports and a review by the EPA Region II Remedial Project Manager 

for the site, Bob Wing. 

SITE OVERVIEW 

The Wayne Interim Storage Facility/W.R. Grace NPL site consists of 6.5 acres located in Wayne 

Township, Passaic County, New Jersey. At this site, thorium and rare earth elements were extracted 

from monazite sands between 1948 and 1971 (Reference l, pages 7 and 8) The facility is located in 

a primarily residential area; however, land within .25 mile of the site is also used for commercial, 

industrial, and agricultural purposes (Reference 2, page 7). The site is included in the Department of 

Energy's (DOE's) Formerly Utilized Sites Remedial Action Program (FUSRAP) (Reference l, page 

9). 

Constituents of concern are thorium and decay products, radium-226, uranium and decay products, 

and radon (Reference 2, page 2). DOE is the Potentially Responsible Party (PRP). The site has been 

on the NPL since 1984 (Reference l, page 9). Prelinunary chemical and radioactive characterization 

and the removal of wastes from vicinity properties to an onsite storage pile has been conducted 

(Reference l, page 10). DOE is currently conducting the Remedial Investigation (Reference 4). 

OPERATING IUSTORY 

Beginning in 1948, Rare Earths, Incorporated, extracted thorium and rare earths from monazite ore 

on the site. W.R. Grace acquired Rare Earths, Incorporated, in 1957 and continued operations until 

1971 (Reference l, pages 7 and 8). After 1971, the site was licensed for storage only (Reference 1, 

page 8). Electronucleonics, Incorporated, operated the property from 1975 to 1983, using it for 
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office and storage space (Reference 1, page 8; Reference 2, page 10). W.R. Grace retained 

ownership until 1984, when DOE acquired the site (Reference 1, page 9). The site is mtended to be 

an interim storage site until a permanent waste disposal site is established (Reference l, page 9). 

From 1985 to 1987, DOE excavated contaminated material from area property to an onsite storage 

area. Areas excavated included a bus maintenance facility, a township park, and property along 

Sheffield Brook and Pompton River. Approximately 38,500 cubic yards of waste is stored currently 

in an onsite pile, while an estimated 70,000 cubic yards of material is buried onsite (Reference 1, 

page 10). The buned wastes contain approximately 76 tons of thorium (Reference S). Information 

concerning the buried wastes are incomplete due to an onsite fire in 1977 which destroyed bunal 

records (Reference 1, page 8). 

SITE CHARACTERIZATION 

Due to limited investigation, incomplete information 1s available concerning the site. A series of 

radiation surveys were conducted from 1981 to 1983 by the New Jersey Department of Environmental 

Protection {NJDEP), EPA, and the Nuclear Regulatory Commission (NRC) (Reference 1, page 8). A 

report prepared by ERM in 1983 (Reference 6) characterized ground-water contamination at the site. 

Another report prepared in 1983 for the NRC (Reference 7) characterized surface and subsurface soil. 

Remedial Investigation field work has been initiated by DOE; however, results are not yet available 

(Reference 4). 

Ground Water 

The geology of the area consists of glacial deposits with a thickness of 20 to 50 feet overlying the 

Brunswick formation of sandstone and mudstone. Ground water is found in the unconsolidated glacial 

deposits as well as in the underlying bedrock aquifer (Reference 6). Both aquifers are sources of 

ground water for public water supply and industrial use, though the bedrock aquifer is the major 

source of ground water in the County (Reference 6). 

Six onsite wells were installed in the uppermost aquifer in 1982, at depths ranging from 8.5 to 20 feet 

(Reference 6, page 3). At least four wells are downgradient of contaminated areas, while two are 

very close to contaminated areas. Sampling was conducted in December 1982 and January 1983 

(Reference 6, page 3). Results of monitoring do not indicate that gross alpha levels in excess of the 

primary drinking water standard of 15 pico Curies per liter (pCi/l) are migrating beyond the facility 

boundary. Levels of gross alpha in downgradient ground-water wells ranged from Not Detected (ND) 

to 9 pCi/l, while levels of gross alpha in ground-water wells close to areas of contamination ranged 
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from 40 to 300 pCi/l. The pH of ground-water samples ranged from 4.6 to 11.5 (Reference 6, Table 

2). Information concerning monitoring for other parameters and any additional conclusions on 

ground-water contamination were not presented in the available references. 

Levels of thorium-232, thorium-228, radium-226, and uranium-238 are summarized below (in Table 

1) for surface and subsurface soil samples at 43 onsite locations (Reference 7, Table 3). Between one 

and six subsurface samples were collected from each location at depths of 0.5 to 6.3 meters. 

TABLE 1. TOTAL CONSTITUENT CONCENTRATION IN ONSITE SOIL (IN pCi/g) 

Location Thorium-232 Thorium-228 Radium-226 Uranium-238 

Surface 1.46-3970 1.20-4,000 0.59-930 ND-910 

Subsurface 0.40-14,800 0.71-15,700 0.52-1,760 ND-653 

No information on background soil levels for this area was presented (Reference 7, Table 3). 

Available information from the 1983 Radiological Survey, from which these data were obtained, was 

incomplete (Reference 7). Therefore, sample dates, extent of contamination, and offsite 

cootamination are not known. 

ENVIRONMENTAL DAMAGFS AND RISKS 

Aerial surveys conducted during 1981 and 1982 indicated elevated levels of radiation at the site and at 

an area west of the plant site (Reference 1, page 8). Radiological surveys conducted in 1982 and 

1983 revealed offsite contamination of ground water, surface water, soil, and sediments with thorium, 

radium, and uranium (Reference 1, page 8). According to a separate 1982-1983 ground-water 

monitoring survey, data did not show gross alpha levels in the uppermost aquifer migrating beyond 

site boundaries at levels above the primary drinking water standard (Reference 6). 

Characterization of the confluence of Sheffield Brook with the Pompton River in 1986 suggested that 

contamination was confined to the mouth of the Brook, and did not extend downstream into the river. 

In addition, following the excavation of portions of Sheffield Brook in 1987, no chemical 

contamination attributable to the site remained (Reference 1, page 10). 
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The area surrounding the site is primarily residential, with some commercial properties (Reference 2, 
page 7). The specific risks associated with the site were not provided in the available references. 

REMEDIAL ACTIONS AND COSTS 

Removal of waste from nearby properties to an onsite storage pile was conducted from 1985 to 1987 
(Reference 1, page 10). According to EPA, the cost to remove, transport, and dispose of waste 

materials from three DOE FUSRAP sites in New Jersey is estimated by the NJDEP to be 
$210,000,000. The volume of soil at the Grace site represents approximately 20 percent of the total 
volume of waste materials from the three sites. 

CURRENT SfATUS 

An interagency agreement between EPA and DOE for site study and clean-up was signed on 
September 17, 1990. EPA is currently reviewing public comments received on the agreement. Field 

work is presently being conducted by DOE, although a work plan for the Remedial Investigation 
Feasibility Study has not been approved by EPA (Reference 4). Additional Remedial Investigation 
field work is expected to be initiated in the fall of 1991, while DOE expects a Record of Decision to 

be signed in 1994 (Reference 4; Reference 3). 
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Excerpts From Federal Facility Agreement; EPA and DOE; 

September 17, 1990 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
AND THE 

UNITED STATES DEPARTMENT OF ENERGY 

IN THE MATTER OF: 

The U.S. Department 
of Energy's 

Wayne Interim Storage Site 

) 
) 
) 
) . 
) 
) 
) 
) 
) 

FEDERAL FACILITY 
AGREEMENT UNDER 
CERCLA SECTION 120 

Administrative 
Docket Number: 
II CERCLA-FFA-00102 

Based on the information available to the Parties on the 
effective date of this FEDERAL FACILITY AGREEMENT (Agreement), 
and without trial or adjudication of any issues of fact or law, 
the Parties agree as follows: 



including the Site Remedial r.nvestigation performed by DOE as 
described in Part XI (Remedial Investigation) below and 
Attachment 2. 

VI. FINDINGS OF FACT 

For the purpose of this Agreement only, the following constitutes 
a summary of facts upon which this Agre£ment is based. None of 
the facts related herein shall be considered admissions by any 
Party with respect to any unrelated claims by a Party or by 
persons not a Party to this Agreement. 

(1) During the 1940s and 1950s, the Manhattan Engineering 
District (MED) and its immediate successor, the Atomic Energy 
commission (AEC), conducted several programs involving research, 
development, processing, and production of uranium and thorium, 
and the storing of their processing residues. Nearly all of this 
work involved some participation by private contractors and/or 
institutions. Generally, privately-owned and institutionally
owned sites that became contaminated during this early period of 
the nuclear program, and have since been converted to other use, 
were decontarninated or stabilized in accordance with the 
guidelines and survey methods then in existence. 

(2) However, radiological guidelines have since become more 
stringent. As a result, the Department of Energy (DOE) initiated 
the Formerly Utilized Sites Remedial Action Program (FUSRAP) in 
1974 with the singular mission of identifying, decontaminating, 
or otherwise controlling sites where low activity radioactive 
contamination (exceeding current guidelines) remains from the 
early years of the nation's atomic energy program or commercial 
operations causing conditions that Congress has authorized DOE to 
remedy. 

(3) DOE has authority under the Atomic Energy Act to conduct 
Remedial Actions at a number of sites around the country. In 
addition to its authority under the Atomic Energy Act, 
Congressional Committee Reports accompanying the FY 1984 and FY 
1985 Energy and Water Development Appropriations Acts, Public 
Laws 98-50 and 98-360, respectively, authorized DOE to conduct a 
decontamination research and development project at various Ne~ 
Jersey locations where radioactive contamination is present. 

(~) In 1948, Rare Earths, Inc., began to extrac't thcfr-:. ~ .. ..: 
rare earths from monazite sands at a six and a half acre site in 
Wayne Township, Passaic County, New Jersey. Upon pa~~?~- -
Atomic Energy Act in 1954, Rare Earths, Inc., received an Atomic 
Energy Commission (AEC) license for this pr~cessing. 

(5) In 1957, the Davison Chemical Division of W.R. Grace 
acquired Rare Earths, Inc. 
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(6) W.R. Grace continued operations a~ the site until July, 
1971. After 1971, the site was licensed for storage only. 
During part of this time Electro-Nucleonics, Inc., rented the 
site for office and storage space. 

(7) A railroad siding in Pequannock Township, New Jersey, was 
used for transfer of radioactive ores from railroad cars to 
trucks used to haul the ore the remaining distance (l-2 miles) to 
the site. During the transfer, some radioactive ore was spilled, 
resulting in contamination of about 400 cubic yards of soil near 
the area. 

(8) From 1948 through 1971, radioactive processing wastes were 
buried on site. Some radioactive processing wastes were released 
to storm drains as liquid effluent. The storm drain empties intc 
Sheffield Brook, which overflows its banks during periods of 
heavy rainfall, causing contamination from the processing 
operations to spread to nearby low-lying properties. 

(9) In 1974, the Nuclear Regulato~y Commission (NRC) assumed 
licensing responsibilities formerly held by the AEC. 

(10) In 1974 and 1975, the site was partially deconta~inate=, 
then deco~J:tissioned and the storage license terminated. Some 
buildings and equipment were buried on site. The rest were 
deccnta~inate= to then-current criteria. The site was release= 
for unrestricted use, provided the land deed indicated 
radioactive naterial was buried on site. 

(ll) A fire in May, 1977, destroyed most of the early records 
that could have identified wastes and burial locations. 

(12) EG&G performed aerial surveys of the W.R. Grace facility 
and areas west of the site in 1981 and 1982 for U.S. EPA at the 
request cf the New Jersey Department of Environmental Protectio~ 
(N~u~?). Results indicated radiation levels elevated above 
background in these areas. 

(13) Further radiological surveys by NJDEP and by Oak Ridge 
Associated Universities for the U.S. Nuclear Regulatory 
Co::-..~ission in 1982 and 1983 detailed areas of radiological 
contamination in the Sheffield Brook area, the township park, the 
right-of-way property, the school bus maintenance facility, the 
railroad siding and several other Vicinity Properties, as well as 
the ~.R. Grace processing facility itself. Thorium, its da_g~ --· 
isotopes and related radionuclides, including thoriwn-232, 
radium-228, radium-226 and uranium-238, were identified in 
contaminated soil, surface water, sediments and groundwater to 
above background levels and in many cases above the applicable 
guidelines and standards. Borehole sampling indicated buried 
radioactive material to a depth of at least 16 feet. 
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(l4) In December, 1982, W.R. Grace installed ~ne deep and six 
shallow groundwater mon~~oring wells. 

(15) Groundwa~er in the vicinity of the WISS is found in both the 
unconsolidated glacial deposits and the underlying bedrock. 
Groundwater in the unconsolidated material in the stratified 
glacial deposits is an important source of water for public 
supply and industrial use in Wanaque, Pompton Lakes and along the 
western side of Wayne Township. However, for the most part, 
these unconsolidated deposits have not been extensively explored 
and represent a potentially important source of qroundwater for 
future development. currently, the Brunswick formation is the 
major source of groundwater for public supply and industrial use 
in Passaic County. 

(16) The W.R. Grace site was proposed to the National Priorities 
List (NPL) on September 8, 1983. The site was included on the 
NPL on September 21, 1984. 

(17) Through Congressional action (PL98-50) in 1984, the site was 
included in DOE's FUSRAP program whereby DOE was authorized to 
conduct a decontamination research and development proJect 
related to the radioactive contaminants. Neither DOE nor its 
predecessor agencies had a role in the generation of this 
contamination. 

(18) On September 18, 1984, DOE accepted the site from W.R. 
Grace in compliance with Congressional direction for use as an 
interim storage site, pending establishment of a pennanent 
disposal site. DOE renamed the site the Wayne Interim Storage 
Site (WISS). Preparation for on-site interim waste storage 
involved demolishing two on-site buildings in 1985 to increase 
room for the storage pile, then building a cell complete with 
berm, liner, leachate collection system and impermeable covering. 
The drainage pattern on the WISS was improved to inhibit 
migration of radiological contamination from material buried on 
site. 

(19) The agreement for DOE to accept the donation of real 
property and funds from W.R. Grace provides that it shall not 
affect the rights and liabilities of W.R. Grace under other 
existing applicable laws. 

(20) From November, 1984, to January, 1985, DOE installed six 
bedrock (deep) and five overburden (shallow) groundwater 
monitoring wells in pairs, making a total of six groundwater 
monitoring locations around the perimeter of the site. These 
wells were installed as part of requirements for the NJDEP 
Emergency Ground~ater Pennit and New Jersey Pollutant Discharge 
Elimination System (NJPDES) permit. 
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(21) In 1984, OOE established a quarterly environmental 
monitoring program for air, surface water, groundwater, sediments 
and external 9amma radiation. To meet NJPDES requirements, 
qroundwater is sampled for radionuclides and selected chemicals 
each quarter. Annual environmental reports from DOE sUllllllarize 
the results of the monitoring. 

(22) In January and February, 1985, !)OE performed a limited 
chemical characterization of the site anj found organic and 
inorganic compounds and metals. Previous characterizations 
indicated that hazardous substances included sulfuric acid, 
oxalic acid, hydrochloric acid, ammonium chloride, sodium 
metabisulfate, ammonium hydroxide and hexamine solutions. 

(23) In 1985, OOE remediated the bus maintenance facility by 
removing contaminated soils to the WISS. A small section of the 
bus maintenance facility still above DOE quidelines was 
remediated in 1986 and the property was verified as clean. 

(24) In 1985, the township park was excavated. A small 
remaining area still above DOE quidelines was excavated in 1986 
and the property has been verified as clean. 

(25) In 1986, two small areas from the front yard of the WISS 
and from the right-of-way property were excavated. 

(26) Characterization of the confluence of Sheffield Brook with 
the Pompton River in 1986 by DOE suggested contamination was 
confined to the mouth of the brook and did not extend into the 
river or downstream. 

(27) Also in 1986, an area along Sheffield Brook was excavated. 
In 1987, DOE completed excavation along Sheffield Brook and into 
the mouth of the brook where it entered the Pompton River. All 
excavated soils were placed in a storage pile on the WISS. 
Post-excavation radiological surveys of these areas were 
performed to ensure that no radionuclide concentrations above DOE 
guidelines remained. These excavated properties conform to all 
applicable radiological quidelines for their release with no 
radiological restrictions on its use. 

(28) U.S. ~PA performed oversight chemical analyses on the 
Sheffield Brook excavation during the summers of 1986 and 1987 to 
determine if chemical contamination remained. The results 
verified that no chemical contamination was present that was 
attributable to the WISS. 

(29) The storage pile at the WISS contains about 38,500 cubic 
yards of contaminated material. In addition, about 70,000 cul:lic 
yards of FUSRAP Waste are buried on the site. 
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Reference 2 

Excerpts From Potential 1187.ardous Waste Site Inspection Report; EPA; 

Undated (ca. 1984) 
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Wayne Interim Storage Facility/W.R. Grace Mining Waste NPL Site Summary Report 

Reference 3 

Letter Concerning Planning Documen~ ror Remedial Investigation, 

From William M. Seay, DOE, to Bob Wing, EPA; 

February 26, 1991 



Mr. Rnf>ert Wing 
Fetteral Facilities Section 
EPA Region II 

Department of Energy 
Oak Ridge Operations 

P 0. Box 2001 
Oak Ridge. Tennessee 37831- 87 23 

February 26, 1991 

Jack K. Javits Federal Building 
New York. New York 10278 

Dear Hr. Wing: 

DRAFT WAYNE SCOPING/PLANNING DOCUMENTS FOR EPA REVIEW 

Enclosed are ten copies each of the scoping/planning documents for the remedial 
investigation/feasibility study-environmental impact study (RI/FS-EIS) for the 
Wayne site in Wayne, New Jersey. Each set of documents consists of a work 
plan, a field sampling plan which will direct the radiological/chemical/ 
geological investigations, a quality assurance project plan, a health and 
safety plan, and a community relations plan. The geological investigation was 
completed in the fall of 1989 and chemical sampling of the storage pile was 
completed in the fall of 1990. 

As specified in the Wayne site Federal Facilities Agreement (FFA), these 
documents are being submitted to the Environmental Protection Agency (EPA) for 
review and conunent. The FFA also states that a 60-day conunent period is 
allowed for EPA's review; therefore, we hope to receive your comments by 
April 30, 1991. EPA and subsequent public review of these documents is on the 
critical path for initiating the remedial investigation field work this fall .. 7 
Any acceleration or delay in the review cycle will directly affect the start J 

date for the field work. 

To expedite and simplify your review, please don 1 t hesitate to contact me at 
any time at FTS 626-1830. You may also feel free to contact Rick Robertson at 
Bechtel with technical conunents. Rick can be reached at FTS 626-4718. We look 
forward to working with you on finalizing the remedial investigation approach 
for the Department of Energy 1 s responsibilities related to the overall Wayne 
site. 

Enclosures 

cc: Rick Robertson, BNI 
Larry Jensen, ANL 
Jim Wagoner, DOE-HQ 
Peter J. Gross, DOE 

Sincerely, 

/~~~ 
William H. Seay, Deputy Director 
Former Sites Restoration Division 



Wayne Interim Storage Facility/W .R. Grace Mining Waste NPL Site Summary Report 

Reference 4 

Telephone Communication Concerning Current Site Status; 

From Sue McCarter, SAIC, to Bob Wing, EPA; 

January 23, 1991 



,,"I 

SAIC Contact: Sue McCarter 

Made Call _x_ Received Call _ 

TELECOMMUNICATIONS 
SUMMARY REPORT 

Date: 1123/91 

Person(s) Contacted (Organization): Bob Wing, EPA, (212) 264-8670 

Subject: Current status or W.R. Grace 

Time: 10:30 a.m. 

Summary: DOE signed the Interagency Agreement on July 23, 1990, and EPA signed the agreement 

on September 17, 1990. Even though the agreement bad been signed, it went through a public 

comment period that ended on November 19, 1990. EPA is now in the process or reviewing these 

comments and antidpates completing the review by late February. Once the agreement becomes 

effective, EPA can request a schedule rrom DOE on completing the Remedial Investigation. DOE 

has provided EPA with a draft work plan, not submitted ror review since it had not received rull 

clearance rrom DOE. However, DOE began field work in the absence or a work plan and 

lnteragency Agreement. Most field work has been done, although no schedule was negotiated. Bob 

reels a Remedial Investigation may be available by the ran or 1991. DOE said it expects a ROD in 

1994, but EPA bu responded IDIOfficially that it does not accept that date. (Also, since the work 

plan will most likely be submitted after field work has been completed, EPA has reserved the right 

to request additional field work ii it does not approve DOE's work plan.) 

Regarding NJDEP's proposal to ship waste to a dispoYI ladlity in Utah, Bob says the Remedial 

Investigation/Feasibility Study must be completed and an in-depth characteri7.ation or the waste 

must be performed berore shipments can be considered. The facility may or may not accept the 

waste since DOE cbaracterius it as by- produd materials. The Utah disposal permit does not allow 

acceptance of this type of waste yet; and, the disposal racility is not equipped with a cell to accept 

this type or waste. It must first obtain an amendment to its license and then construct an 

appropriate cell to accept W.R. Grace's waste. 

,,"'Ol!:======================================================================::!.1 
f..i 



Wayne Interim Storage Facility/W .R. Grace Mining Waste NPL Site Summary Report 

Reference S 

Utter Concerning Tran.der or Property; 

From B.L. Molbey, W.R. Grace, to Bernard Singer, Atomic Energy Commission; 

October 30, 1974 



OC.:.:±~: 30, l9i4 

M:. Berna:e Singer 
Chief, Materials Licer.sinq 
United States Atomic ~ne=qy Ccmmission 
Washington, o. c. 20545 

Atten-:ion: !'!:. Buc!'lanan 

Re: License STA-422 

Gentlemen: 

we have applied for a Release of our prope=tr at 868 Sla:k 
Oak Ri~ge Roae, Wayne Township, New Jersey, f:om AZC Sto=a;e 
License STA-422. This property was inspected on Septe~~er 2C, 
1974, by Mr. Epstein, of t.~e AEC Compliance Sect~on at Ki~g o: 
F:ussia, Pennsylvania. I understand t.~at he reco~ended a?~==va: 
of our a?plication on t.'l.e basis of his inspection. 

on Tuesday, October 29, I called Mr. Mcclintock to ask ~~~ ~o 
trace our application, which seems to be lost somewhere =e~~ee~ 
h.is o!!ice and yours. M:'. Mcclintock informed me t..~at w~e~ ~e 
forwarded M:. Epstein's report, he recor.::ieneee t..~at cer~a~~ ~~~~s 
of information, not included in Applied Health ?hysics• eec=~~a~
ination repcrt, be developed.; namely: 

(l) ~~= t=~~l ~~~ ~! =~ei~a~tiv~ materials =~=is~ c~ 
the site, 

(2) .~ evaluation to s~ow t..~at the cu:ied rna~e=~a1 ~~-
not be washed. into local st:eams by e:csic~ c: ":-~= 
surface of the burial area, and. 

(3) An assurance that future owners of t.~e p:ope::y ~--
not excavate or in a.ny way disturb t.~e buriec ~a~;=~~:. 

I sul::lmit the fcllowinq in answer to t.~ese ·q~estior.s: 

(l) ou= records show total bu:ials o! 7.7 eu:ies c: 
t.°'l~ri'l: .. :l t;r'lS2,3SO pounds bu::ied in ac:c:o:cance --·· 
lOCF!\20. 



WR. GR.ACE & CO. 
OAVlSON CHEMICAL OMSiCN 

-
M:. Be=~a:d Sinqe: 
Octobe: 30, l9i4 
Pase 2 

(2) 

(3) 

T!i.e bu:ial a:ea was ~=aced, e:essee w~t..~ eve: 600 ya=:s 
of fill· di=t, and seeced. N'l.!.~e=c~s ~eas~=e~=~~s c! ~~e 
drair.a;e f=om t.~e a=ea fai2ee to disc!ose a~v =ac~c
acti vity of the runoff water. The a=ea is al=ea~v 
qeneratin; its own crop of ;:ass and weees. :~:;~~; :y 
past e.x;>erience, it will be furt.~er sta!li!ized w~~~ 
fast-qrowing tree seedlings frcm 4:!le adjace~t wcccs 
wit..~in a season or two. The qradinq was cor.e so as ~o 
enchance proper e:ainaqe and mini:nize e=osion. ~e~ai~e= 
walls were erected where deemed necessa_;: to f~=~~er 
reduce any chance of erosion. Several hard rai~s r.ave 
been experienced since completion of t..~e job, a~~ no 
siqni!ica~t erosion has been observe~. 

We expect to sell t.~e property to Electro-Nucleonics, 
Inc., presently tenants rentinq office and stora~e 
space, as soon as the facilities are•released as per 
our application. The conditions of sale will i~c!~ce 
a deed restriction against distu:binq in any way t..~e 
buried material. This restriction will be made ~i~~~~~ 
on any ~uture resale of the property • . 

I t:ust this will satisfy the quest!ons raised by Mr. McCl~~~: 
trans:u.ittal of Mr. Epstein's complianc-. ins;ection report. I! t.~e: 
are any fu:ther questions, please don't hesitate to call me at 
(301) 727-3900. 

BLM:nbs 

cc: Mr. R. McClintock 

Ve:y t.:4.ll:t 7lC:::U: s , 

P. -f 1""#'~ ~- .;-.... • ... p I 
B. I.. Mobley . 
Supervisor 
Environmental Control 

o. s. Atomic Energy Commission 
Directorate of Regulatory Operations 
Reqion I 
631 Park Avenue 
King of Prussia, Pennsylvania 19406 



Wayne Interim Storage Facility/W .R. Grace Mining Waste NPL Site Summary Report 

Reference 6 

Excerpts from Preliminary Investigation of Shallow Ground-water Contamination 

at the W.R. Grace Facility, Pompton Plaim, New Jersey; 

Prepared for W.R. Grace by ERM Southeast, Inc.; 

March 1983 



PLl:'l.~I~A..~Y I~tSTtCATION OF S?.ALLCW C~t:~:JAT!R 
CON:'A.'iI~!ION AT !:-{! ~. il. CilAC! F .i..C Il. IT'! 

PCMPTON Pt..\I~S, ~.l J:'.RSt'Y 

Mar~. 1983 

Prepareci For: 

Y.I. Crace & Company 

P~epa:ed by: 

E:i.~-Souc~east, tnc. 
P.O. S.::ix 881 

Brentvood, Te:-:.essee 37027 



itY are ex~ected to :a~ge !=o: 20-50 !ee:. ~e c::~~:~g :og :f :~e :~-s::a 

~e 3runswick For.:ation of the Triassic age unde=l:es t~e ur.co~s~~::a::~ 

glacial ce?osits at t~e W.R. Grace fac1lity (Figure4). This ~e:::c~ :=:-...a:::~ 

typically coc..sists of alternating beds of reddish-bro•-u sandstone and =~cs::~e. 

'nl.e texture of the bedrock is generally coarser in t.~e nor:he:u pa=t of :~e 

area than 1.:1 the sout.~er.:i part. In the general area of the site, the !:~ns~::~ 

For:atioa typically for:=.s broad valleys becveen the Watchung ~our.:ains a~d t~e 

gently rolling lovlands east of the Firs: Watchung ~~untai:tS. The u:i~e:ly:~g 

bedrock generally b.s amonoclinal dip of 10-15 degrees vest, hcvever, loca~y. 

steeper dips can be found throughout the area. Minor north t:ending nor:al 

faults ClJt the Triassic rocks 1n several areas. The Br\lns•·ick For:::.a:i::: c::i.-

tain.s ve:tical joints 11ith the major joint sets being parallel and t=a=:.s·1e:se 

to the strike of the bed.s. 

Ground-Water Rvdrology - Ground-water in the vicinity of the W.R. Grace 

facility is found i:l both the uncol1Solidated glacial deposits a~ ~ell as :~e 

~cerlyi::.0 8-r~s-•1ck For:ation. The occurence and =cvecent of grour.d-·.·a:e: i.:i 

the i.mconsolidaced deposits are controlled by interg:anular openings i~ :~e ~e-

?osics, 11hereu groucd-vacer in the consolidated bedrock. oc:ias in a:i: :o·:es 

t!'\rough c~eava;e ]lanes, joincs, fractures, and faW.es. These sec;,~;.a:-:: ::e:i-

ings in c~e c:casolidac1d bedrock for= a comparatively samll voluce 1~ c::~a:i-

sou ta Che total volume of rock. These openings also beco=e fever acd ::.;~:er 

~1:~ 1~c=eased cept~ below the lane sur!ace. 

'!he total growid-wa:er flow srs:e: 1~ Passaic County is a fev h;.::.:~~: :ae: 

t~kk a::.d is cocp-rised of seve-ral s:c.:~ :..!~:..~ ::e;iaraced by divices ·.-.. :- ~=;::-:: 

... 
.: 1 ..... --· --- .-J ··--·- . ~· 



sys:a: 1.:r.ce:-l.ying ac. a:-ea ~f only a :e•J SC\~a:-e :iles. ~o reg:.:na: 1==·-:-. .:.-.a.:e:-

fl~w sys:e: ~~cerlies c~e e:itire coi.mcy. 

'!he s:rac:.::.ed glacial deposits of Quate~ary age are an i:por:a~: s~~=:e 

and along the western side of ~ayne tovnshi?· However, for ~~e :os: ?a:-:, :~ese 

unconsolidated deposits have not been extensively e~lored and re?:ese~c a ?C:e:i-

cially i:portanc source of ground-water for future de·1elopi:ec.t ac:or:!!.~g c: :!':e 

USGS. 'Ihese scratified glacial deposits generally yield larger quanci:ias o: 

vacer co individual vells than do che ocher major geologic u:nics in Passaic Co\J%1t 
. 

Recorded yields of wells in these 1.mcoc.solidaced deposits range from 4 co 920 

gallons per minute wich the median yield.I of do=estic wells being appro:-<i:a:~ly 

16 aallous per minute and chose of public and ic.du.scrial wells being ap?:-:x:.:a:e1 

130 gallons per minute. ~~sc wells capping che unc0t1solidaced glacial cepos:.:s 

are becveec. SO and 125 feec !ie•P· 

'nle Brunswick Formation which 1.mderlies cha unconsolidated deposi:s i.~ :~e 

vici:ii:y of che lif.ll. Grace facility is che mosc impor:ant aq~fer i:i ?assa:.: C:i.: 

!his for:u.cioc. is ch• major source of ground-wacer for public supply and i~:!~:r 

u.u 1D the county. Yield.I of public and indu.scrial wells i:l the vic:.::l:.::1 a:-a 

re~orced co range fram 20 co 510 gallons ~er mi.nut• •ich a ~dian yield c: 

a~~roxi:ziataly 130 gallon1s per minute. Mose of cha h~ih yieldi::lg ~ells ta;;~~; 

C.~• Br.insvick Foi-.:acioc. an loc:acad in cha valleys in che mere i:i.dusi:rial a:ea.s 

1c. Ravthor.le, ?at:erson, Clifton, and Passaic and are located in or c~ :~e ::a~ 

of pre-gla~ial valleys containing compa~acively thi~r unccasalidate~ ~a;c5~:s. 

~ese locations are conducive to higher rec.~arae races co che bedroc~ a:~~:a:. 

Oc=escic wells tapping the Brunswick For-..ation cy;iically have much sca::e: ·1 :.el: 

V!c.i a midian reported yield. of app:=xi.· .:~l/ .l..J gall::is per mi:iute. ~= s: ::::a~ 

~ 



:: ce:e?":.:.::e g:oss a.!.;iha rac!ac:ion levels in c:he shallow gr:n~nd-1-"a:e:- s·-s:a: 

underlying c:he ~.!. Grace facilicy. A cocal of six s~all='W g=ol.!.~C-~a:a:- ::c~.:.-

c;ori~g wells were inscalled ac: c:he W.R. Grace site d~ring c:~e ~ee~s of :ece=~e= 

13, and Dece::ber 20, 1982. T'.-o of these new on-site ::oni;ori~~ :.re!.ss (:':-; ,,_,.. 

re::air.in5 wells "Were losa;ed wesc: of the knowu areas of waste ~is~esal :~ ~=o
• 
vide:ore ~e.,:"e -·:2·'·· ""· 
~ .pe locatior.s of the sb ou-sic:e mcnitodng wells are de~ic;ed i:t 7!.~".;re 5. 

Ihe six ground-water monitoring wells were drilled ar.d installed by :~e 

War=en-George Drilling Cocpany under the direct supervision of a sea!! geo!:gis: 

from Ea.~. Inc. Each of the g~ound-water monitoring wells was cons::-~c:ed o! 

2-inch pipe equipped wic:h a 5-foot secti0n of 0.02 inch slotted PVC pi?•· A!l 

outer protective steel casing was installed at monitod:i.g wells ~-l, ::~:-.:., !:-i-3, 

and D-6, and equipped wic:h locable steel caps. Monic:oring wells :::-:-2 a~:: !:1-3 

were required to be completed flu.sh wi:h ~~• ground surf ace with sc=a~-on :a~s 

1~stalled at th• site are as follows: ~-l. 19 • .. -. C"I-" ,,, ~,,.,,.. · ":'·· • 1 i ..5 
• 

fey; ~-4, 20 feet; ~-5. l4 fee;; a;s ~'i-5 "0 feet. -
logs depicting constructio~ ~etails of each monic:orir.g well are ~~~v~~a~ i~ 

Tne ll:ate:ials enc~1.:n:ered duri~g t~e icstallatio~ of c~e on-s~:= ==~~:::~~~ 

,.4!,,s '-..14 d i .. l h . f ..a il" a-- ,._,a_·.·s. •• .::.-.-cate pr :ar .. y a e:eroge~eous ::.x:ure o san .. s, s .. s, ........ 
A . 

t :ion!tori~g well ~-l, a brown, si!:y fi~e sa~d ~a:. ~nc~unce=ed ~~== a==~=~~-



. 
::a:ely 3 c~ lO feat. A.c :oni :o r:.:ig we!.!.s E!f-2, !~- 3, anc! ~~-:.., t::e :.::-. :.a::·::.::; 

::a:erials c:onsis:eci of a ~!<::.:.:e of sa.~d. si.!.:y, and c1.a.y. ~= :-.o:i.!.:~-:-:.:-.!; ·.e:.:.s 

::..'1-5 and ::s-6, a li~hc g:av sandy ~c:k :a:erial, ~el!.eved to ~ossi.~1v 1.~ .... .,.e 

~a ee!'!als. wa.s t:\C0 1Jnt! red ia eac:h of these co ri~p. Oue to c.-..e c!:-::.l:::.-:5 =~ :::od -uc"ilized co install these monitoring wells, it was i::possi:,le co ic!e:"L::.::1 a~'.' 

strac1£icacion in the 1.mcierlying deposits. In order co aid in c~e fu:~=~ ~:ass-

ificatioa of che unconsolidated deposits encountered duri:g t~e i~scalla:::.:n o! 

these monitoring wells, a.5 well as for possible determination of gross al?na 

racliatiou concentrations, shelby cube samples vere collected ac va:-ying ~~ce~als 

at each of che on-site monitoring well.a. The depth of eac:h shelby tube sa:;!.e 

~the ou•site borings is' provided ill the drilling logs contained in Ap~e:"Lc!ix !!. 

Follciving the completion of inst&l.lacion of the on-site gro1.md-wacer :cni-

coring wells. the first sec of ground-water samples vas collected on Dece=.cer 20 

and 21, 1982 ~y £.~~ personnel. 'Ola initial ground-water sa:rle from eac~ ~ell 

; 

vas collected wichouc purgics a:y water frcm the well. Samples fro: t~e ~e:ls 

vere collected utilizing a oae-1nc:h PVC bottom-filling bailer with i~c!~·.-_:~al . 
samples being collected ill 500 milliliter unpreserved polyethylene sample con-

t£inars. Prior co samplina each vall, the depch to vater level from t~e c:p of 

casing vas maaau~d utilizing an electric vacer level indicator. Follc~:.~g :~e 

calleccicu of cha initial sa:ple ac each vell, eac:h vell vas bailed ~n:~l =~e 

veil vu U8RC1ally d:y. 

Following cQJ.lactioa of the iAiti.al 1round-~ater samples, cvo subse~~e~t 

sqles vere collectecl f-:om each well vith the exception of mcnicoring ~·e:! ~-f 

fr~ vhich only one subsequent sample va.s collected. 'Ibe ground-water sa:~:es 

callac:ed subseq..:e:ic co the initial sa:;ile were collected follcving ex:!~s:.·1~ 

ba1li:i& of eac:h well bec-•een collection of water samples. 'nie third. sa:::e 

h:l1i =cn1.:ari:11 well D-6 was not collected due to the ti:e delays i=:·-===:. •·· 
~'\ 



Janua:y lJ, l963, as well as ::ie :.ia:e:- le·:el. and ;:iH :ieas1.1:-e::111r.cs ~':l :a:.~e:! .::1 

Jan~ary l2, are s1.1:-..ar:.zed in !a~le l. 

~9nitoring Yells ::~-l. E~-J, Cl-5, and E~-6 were sa:~!eC ~i.:~cu: ~~· .... 

approximately l hour and 3 hours, respec:ively, before a c~cplete or.e-gal::~ 
0 

sa:ple could be collec:ed. nte on-site ar:esian vell was also sa:pled du::.~g :~1. 

survey vith one-galloc sa.cples be~g collected at d~~ths of S feec anc :90 !eet 

gsi:lg a Keccerer sa=pler. A more detailed discussion of the second sa:?li:lg 

survey is provided in Appendix ttI along with :he ground-.,,acer sac?ling ~aca 

sheets which suz:::arize the sampling of each mcaitoring well. 



a·:~!.ab!.e :o c!a:e do :i.oc shew a conce:ic:acion dist::::l.l:::on •r.::!': •.:1,;.:: :.~c:.-

l.5. ?Ci/licer) were ::i3rating beyond ~~e boundaries of c!i.e fac~li:y. ::~e ~•g~e: 

levels of g:oss alpha have been detected at locations where c!i.ey ·•01J!.c! ":e e«.-

?ec:ed wi:~ decreasing levels being found wic!i. inc:eased distance froc :~e 

~aste disposal sites. nte low sross al~ha levels decected in mot\i.tori~g we:!.s 

CJ-l, ~3, and ~-4 lccated ;.ear the site boundaries :eveal ~:oss al::i":a !.a·:el.s 

below l~ ac~tit;;; IE ;~ese locaticns. Hovever, it should be nocea t~a; -~. 

Pecero5eneous nacure cf che ur.de:lvins g•ologis m.ace:ials as well as :~e i.:.:er-

tainties assoc!aced with che ex.ace locacions ot was:e :acerials can resul: in a 

highly variable area and vertical wasce mi1racion pactern. 
J -

'nle grqund-wacer level measurements made co date from Che on-sice ~e:i.:.:::~~g 

•ells reveal a highly variable ground-water surface beneath che Sl.Ce (:'!.g~:e 5). 

!'his is due co the ~:erogeneous nacure of the u:derly:na deposics as ~~:: as 

che p?'esence of che wuce disposal areas. As expected, the higher gr::1,;~:-·.·a:e: 

levels are present to the ease in the area of acct.&&l wasce disposal wic~ :~e 

~?arenc hydzaulic aradienc being toward che west. The considerably hl~~~= 

due co che presea.ce of vasce materials and generally ~istributed nat~re o: :e-

;osits i: t.~ac area as a ?'esulc of was:a disposal activities. Trle cc~s.:e:a::y 

lC\ier ground-waur elevacioa. observed in well EN-1 wheel compared co we.!..!.s £::- 2, 

~3. and D-4 incilcatas the variabilirT ill th• u:derlying geolcgic de;:os:.:s 

~d their hydraulic characteristics. 

Based upon the 11.:.itad available data ~ase per:aining to geolog~: a~: ! . .- -· 



t:wes: :.2a::.:i~s 

as part of :~~s ;?:eli::.i~ar:-r assess:en: progra: is li=i:ed to :~e a~al;t~:al 

resul:s of the first series of sa:ples collec:ed d~=~~6 t~e ~~~::.al :ece==~~ 

1982 sur~!Y and ~acer level :easure:encs cbc3!~ed du~~~g bot~ c~e :e~:~;a~ :g:2 

and the January 1983 surveys. 'n\e analytical results for t~e Jece~:e: !.9e2 

and Jan1.iary 1983 sampling surveys are provided in Tables 2 and 31 res?ec:~vely, 

vith t~e water level measure:ents from the on-site wells bei~g su::-:.a:~:e~ 

Table 4, Analytical results for the January 1983 sa:pling survey are ~ot 

available from the £nviranmental Science & !ngineer1~g tabora:ory. 

lhe distribution of gross alpha levels detected in the ~•o E?...~-Souc~eas: 

surveys shows higher levels iu the areas of lcnowu waste disposal s~tes (•e!.:s 

ES-S and nf-6) vi.th decreasing levels beina detected with increase~ ~~s:a~:e 

!rem these k.nowt1 disposal sites. Gross alpha levels at wells t~-l a:-:C: ~~:-~ 

loca.ted aear the property bouudarles shoved much lover gross ~;?ha le.,e!.s 

than detected ic the are& of ch• waste disposal sites. 
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: • .i..s L! 2 

CROSS ~?S\ R!5t.1..:s FOR C?..Ct:~:-:.;..:...:::' S.!-~!:?:.::s 

col!..!c:::J ~[j~:~:c ::::~~::?. us: 
;J. R.. C?.Ac:: FACI!.t7Y' ?OX?TO~ ?:..~:~;s 

Cress Al~~a 
Sa::iole ~u:!le-: ~ -,c i I l 

Oi l-l 8.0 7 + 2 
EN 1•2 6.9 !i + 2 
OI l-3 6.8 3! 2 

D 2-l 11.5 0 + 2 
OI 2-2 8.0 3+ 2 
D 2-3 6.8 2! 2 

EN 3-1 6.4 4 + 2 
EN 3-2 7.0 6 :; 3 
EN 3-3 7.0 2! 2 

EN 4-1 7.3 s + 2 
D 4-2 7.3 3:; 2 
EN 4-3 7.3 9 ! 2 

o s-1 4.6 so + 10 
c; s-z S.1 90 :; 20 
EN S-3 6.S 40 ! 10 

EN 6-1 300 + 30 
er 6-Z 300 ! 30 

Deep ~.u 
Surface 9 .:!: 2 

Deep <Jell 
Bottom (190') 5 .:!: 2 

Deep Well 
Bcctcm :t2 090 I) 11 .:!: 2 

·~a pape:- l.ltilized ca cbcai:l field pH readings. 
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TABLE l 

IADIONUCLIDE CONCEtn'RATIOHS IN OH-SITE 
IOIEROLI BOIL SAMPLES 

•• ,1. ....... •••l•••cll4e Co•ce•lr•tlo•• (pCl/1) 
Lee.al••• , ....... , Iii-HI (11-IH) tll-221 la-U6 1-n1 

II l•dH• 4.H !. o.n• •.n .! 0.41 I. IO • o.n <4.61 
o., I.II!. l,H I.II!. l.H o.u 'i O.lt <2.62 
I.JS 

'·" !. 
l.H l.ot .!. 1.n 0.11 !. 0.11 cJ.U 

II ........ ,.41 !. O.H ,,J4 .!. .. ,. 1.H .!. o.n <4.H .. , .... .t I.JI 0.'6 .!. o.n 0.14 ! 0.16 <2.H 
1.0 

'·" J. 
0.16 O.tJ 1 0.16 0.10 !. 0.11 <1.16 

IJ .. , .... ,_,. !. o.n 6.11 !. o.n l.Jt .!. 0.41 <'·"' .. , 1.4' .!. I.JI . l.H !. I.It 1.01 ! 0.20 l.4t • o.u 
o.n •• ., .!. I.It •• ., !. o.n 0.64 ! 0.11 <I.it 

14 lurlH• J.U J. o.u J, 16 .t o.n I.JD• 0.14 <4.U .. , •• ,, .!. 0.14 l.IO .t o.u o.u i 0.11 <l.H 

...,, H l11rf1C• 4.lt !. '·" 4.40 .1 o.n I .Jt !. O.J6 •• ,4 !. .. ,, 
'·' •• ,4 .1 o.u 1.01 .1 o.u 1.14!. 0.14 cJ.J6 

H ••rf••• l.61 .1 I.JO 1.n .!. 0.16 0.11 !. 0.10 <I.II 

'·' 1.41 1 O.JJ l.4' .!. o.n 1.n 1 o.n CJ.14 I.• 1.n J. o.n I.JI .!. O.H I .OJ !. 0.20 o.u 

11 ... ,, ... -1.•• .t o.•t ·I.JO!, o.n O.Jt .!. o.n <l.tJ 

'·' O.lt !. o.u 0.11 !. o.n 0.6t !. 0.11 o.n 
o.n O.H .!. 0.21 O.tl .!. o.u O.H !. D.H CJ.61 .. . .. , .... 1.41 !. O.JI 1.41 .!. O.Jt I.II.!. 0.24 <). IJ 
0,, 1.61 .!. o.u 1.61 !. o.n l.6J • 0.21 CJ.9\ 
1.0 a.u !. o.u 1.0 .! o.n l.IJ ! O.J4 Cl.JI .. l11d1ca I.ti .t o.n 1.H .!. o.n o.u .!. O.JI <J.12 

'·' I.JI .!. o.u 1.0 .!. o.n o.n • O.JJ o.n 
1.0 4.tl !. 0.'8 4.tJ !. 0.41 O.lt i 0,J6 ,,, • .!. o.n 

llO lurhc• H.1 !. l.J 10.0 !. 1.0 J.11 ! o.,4 <6.9\ 

'·' Jl.t ! l.J n.J • o.t 1.n • O.H ".6 .!. o.s 
J.6 I.to .!. 0,)4 I. ,4 :! 0,)0 O.lt i O,JO 11.4 ! 0.6 

•u• lurfeco n1 .!. 
, UJ .!. J U.4 ••• 19., o. 1 

o.s 196 .!. l Ill .!. , a.n 1.16 n.o o.9 
t:Q(!I o." 191 .! J 112 .!. J J.08 I .It Sl,O o.t 



~~" 
TABLE J, cont. 

RADIONUCLIDE CONCENTRATIONS lH ON-SITE 
JOREHOL! SOIL SAMPLES 

...... ._,, .. l••Aonucllle Cooc•et1etjon1 (pCl/1) 
Locatlo• ....... , 111-UI (la-Ill) n-n• la-JH u-u1 

Ill l•rface "·' .!. ••• 4'.S • .. , ),60 1 0.61 11.1 1 o.• 
o.s 11.6 !. ••• ..... i o.ao J.Jt 1 O.H n.• 1 o.• 

IU ''""'•c• II.I • '·' U.1 t 0.1 1.U 1 o.o ••• • o.• o., .... i o.n .... i o.,. l.H .!. o.n c4.i6 

••• , ... 1 o.n 
'·" .!.. 

o.n 0.99 .!. o.n ''·" J.I l.IO 1 1.21 a.u !. a.n 0.10 .!.. 0.21 (l,6J 

114 lnl•ce 10.t .t. ••• 11.1 .1 ••• J.1' !. 0.41 
'·" .!. 

o.ss 
o.s 

'·"' .t '·" s.n !. 1.41 I.II! O.H 4.11 1 o.,. 
1.0 

'·" .t. 
•.ti 

'·" !. 
0.41 J.H 1 l.>4 ,,_ .. 

•11 luflec• •Jf11 .1 H •4000 ! >O H6 ! .. 1910 .! 4 
O.J lOJ .! u ,., 

.! n 411 ! " SH .!. ) 

••• ,.,. .t JO suo ..!. '° HI ! It •IU ..!. I 

•Jt .. ,,.,. ,,,. 1 10 .... .!.. .. ttJO 1 ' JOS 1 

'·' '" .1 I .. ,, .! t >10 .!. ' .. , .! 
••• H6 .1 1 HJ .! 

, UI ..!. 4 Ill .! 

IU l•lll•ce 6.11 .t .... l.OI .1 '·" 1.41 1 o.u 41 0 .!. 0.1 
o.s JJ.6 .t '·' JO.I .!. I.I II.I • 0.1 JO.I 1 0.6 
1.0 .... .t. 1.1 ,,_, 

.t '·' S.OJ ! 0.1t 40.1 .!. 0.1 ... lurl•c• 
,._, .t I.I 11.0 ! o.t 4.41 ! o.u -.o.• 1 O.J 

o.s .... .t 1.0 n.1 1 • •• 4.U 1 o.o H.J .!. o.• 
1.0 n.o .t l.J u.• .!. a.o 4.JJ ! o.u 16.4 .!. 0.6 ... lt1rhc1 IJ.I .1 O.H 10.4 1 0.6 l.U ! o.n <4.11 
o.s Cl.H co.n Cl, IJ <U.t 
1.0 t.JJ ,t 0.11 10.0 • o.1 .... ! O.Jt 10.s • o.s .. , J.4' .t 0.41 1.11 i I.SS I.OJ!. o.u 1.u ! o.so. 
1.0 I.II .1 .... 1.n • o,n o.u • o.u <1.60 ,,, t .ot !. O.JI '·°' i . Cl.II 0.11 !: o.u <J,)9 
4.1 11.t .t ••• .. .. .!. o.t 1,H .!. O.'I 4,U .!. o.so 

uo lurlac• .,, .! 
, 1n ! :r ).ll .!. O.tJ CIJ. l 

0.) 990 .! II UI .!. t 11 ... .!. 4.6 <61., 
I. J IU ! I 611 .!. I 16.J .!. 1.1 141 !. H 

111 .... .. ,. 206 1 J JU .!. 4 u.o !. S.) H.6 • 0,1 

O.J "°' .! 
, )'6 .! • "·' .!. J.S 04.0 

••• .. , .t ' HJ 1 ~ Cl.J6 <H.) 



TABLE l. cont. 

IADIONUCLIDE OOHC!trrRAT IONS IH OH-SITE 
IOIDIOLI SOIL SAHPLES 

·-··· ..... ladloauclld• Ce•c••t1atlo•!__jeCll1) 
t..cati•• , ... .,., Tiit-HJ Caa-JJI) th-UI la-IH a-ne 

•ll ..... c. SH .!. I , .. .!. ' St.4 .!. 4.1 <~H .t •.s .HJt .!. SI JHO .! " t l160 .! 10 UIO .!. I 

Ill l.rlec• IOI .!. : " Ill .! ) 41.J .!. 2.0 <11.J .. , "·' !. J.I ''·' !. J,J Jl.t .! 1.4 <H.J 
I.I Ht .!. , lit .!. ' 1n .!. I 04.4 

Ill l•rfau 60 • ! ' , .. .1 ' UJ .!. ' <'9.J -. o.s 4Jt .!. .. UI .!. " HO .!. J ... , .!. 0.1 
l.O HJ .!. " 416 .!. ' Jt.I !. J.I .U.1 ! o.e .,, l•daca 41.J .!. 1.6 41.6 .!. .. , •••• !. o.n <1.08 
O.J JI.I .!. l.J JJ,I fl ... 

'·" .!. 
o.u ,,,,, 

••• '·" .!. 
0.41 J.04 !: e.u I .II .!. O.JJ <:1.19 

'·' I.JI!. l.JJ I.JI.!. 0.16 O.lt !. 0.20 (),I) 

'" l11daca •••• .!. ••• u.o .!. O.J 1.21 !. o.n 0.14 1 o.n .. , "·' .!. ••• u.1 .1 ••• t.14 .!. o.u 0,14 

••• l:IOI .!. SOI 11&0 i. soo IOI ,!.146 1116 .!. I 

•Jl l•rf•ce H.I .1 ••• ,,,, .1 l.J l.4t !. O.IO <t.n 

••• JIM .!. JO JHO .1 20 ,,, 
.!. 14 44.4 .!. I. I 

an l111l•c• 21.4 • 1.1 11.r !. l.O 4. ll !. O.S6 <6,SJ 

'·' t.Hi 0.11 IO.J • ••• '·'' !. 
o.o J.61 .!. 0.41 

1.0 .... .!. o.u O.t6 i 0.11 o.n !. 0.14 <J.U 

'·' ••• , .!. o.u .... .!. o.n o.u .!. 0.11 cJ.U 
J.1 4.J4 .!. O.H ...... .t. .. ,. 1.H .!. o.,. <4.11 

12' lurlaca .... .!. J no .!. , 10.s .!. 1.1 <14.t .. , ,,, 
.!. 

, JU .!. 4 U.6 !. 1.0 46,1 !. 0.1 
1.0 IUO .!. 10 IOI ! J '"·" • "·' .... !. 1.0 
J.t •14IOG .!. JOO I UJOO .!. 600 100 ! )00 llO ! I 

•ll lud•c• "'·' .!. .. , "'·" .!. .. , ). ,, !. .. ., <1.01 
1.0 JOIO .!. JD IUD ! 10 JU .!. II SJ.I .!. l.O 

e:.~~ 
Ill lurlau H.I J. 1.1 JO.O .!. 1.0 >.O o.n 0111 

o.i 10.1 .1 o.t u.s • 0.6 t.6' o.u ·~.u 

1,0 4.111 o.o ~.tS i o.n 0.90 0.111 ll.4, 

4.1 >J.t t ••• u.o .!. I.I '·" o ... , •6.61 
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TABLE l, cont. 

RADIONUCLIDE OONCEHTRATIONS IN ON-SITE 
IOltllOLI SOIL SAMPLES 

1 ••••• lleptli le•looucll~! Coocealratio•!.Jlf!/1) 

Lout I•• ....... , n-211 (lo-121) 111-UI ••-22' U-UI 

•ll lurlece H.1 !. ••• H.4 !. o.t J.H !. 0.41 <S.IJ 
o.s Jot !. J IH .!. J n.t !. l.S H.J .1 O.J 

an l•rt.ce u.a .t ••• 49.J ! 1.4 l.U !. 0.16 <t.OJ .. , H.1 .t ••• H.J .t o.t J.OJ !. o.n o.u ,_. 
J.tl .t .. ., J.H .1 O.JJ 

'·" !. 
O.JJ ().JI 

•ll lul'lece 111 !. J 111 .!. J "·' • 1.• <IJ •• 
O,J n.1 !. 1.0 n.1 .!. .. , J.O i o.n ct.It 
o., u.o .!. 1.1 ... , !. ••• 11.2 !. 0.1 ct.:n 

,,, lurhce l.'9 !. o.,. •••• !. O.JO O.H • o.n C),)J 
0,J J,01 !. O.JI 1.11 .!. O.JI 0.11 ; 0.11 <J,)J 
1.0 J.Ol !. 0.41 1.u .t 0.21 o.u i o.n CJ,64 
J,0 1.04 .1 O.Jt I .JI J. o.n 0.10 • 0.11 CJ.16 
J,0 l.'9 .1 O.JO I .JO !. O.H 0.11 ; 0,11 CJ.)t ,_, 1.11 .1 o.J, I.JO ..t 0.11 O.H i o.u o.n 

IJl l•rf•ce 21.0 .!. '·' H.S • 1.1 J.n .!. o.n <6.4J .. , 1.04 !. O.H I.JI i o.u 0.10 !. o.n <2.1t 
1.0 1.10 !. O.H 1.n .t o.n o.u !. 0.11 CJ.JI 
J.O I.JS .t 1.:11 

'·" .!. 
0.24 0.60 !. 0.16 0.10 

J.S I.SI .1 I.JI l.H .!. o.u 0.1' !. 0.11 c:a.H 

•ll l111hce ll4 .t I • HJ .!. I IJ.J .!. O.J ••• J .!. 0.6 .. , 60.4 .1 l.J "·' .!. I.I ... , .!. o.J n.t .!. o., 
IJI l11rhce I.ti!. o.n ••• , !. 0.14 1.14 • O.lt <J.60 

1.0 1.n .1 O.Jt 1.41 .1 0.24 O.H !: O.lt co.10 

IH l•rlace 1.0, !. o.n I.ti .!. o.n 0.11 .!. O.ll C:l.16 
J.O J.'° .!. O.JI J.U .!. O.JO o.u !. o.u CJ.90 

140 lurhce J.n !. o.u 2.H !. o.n 11.11 • o.n '1.60 
0.\ 0.11 !. 0.>6 1.01 .!. O.H II U ! O.JO <).66 

I.I - 0,40 ! o.n o.n !. 0.14 o.n !. o.n CJ.\I 

IU lurf•c• J.21 1 0.40 J,24 .!. O. IJ - O.H .!. O.JO <1.4\ 

O.\ 1.01 !. o.n 1.11 .!. o.n o.u !. o.u 41.0t 

••• o.u !. o.u - O.JI J. o.u . o.u !. 0.11 ., .. , 



TABLE l, cont. 

RADIOHUCLIDE CONCENTRATIONS IH OH-SITE 
IORDIOLI SOIL SAHPLIS 

S•aple Depth l•dionuclide Concentration• (eCi/1) 
Loc:atlon (•eteu) Th-2J2 ( .. -228) Th-228 

142 Surf aee 2.14 .!. 0.42 4.22 .!. o.n 
o.s 2.29 .!. 0.35 J.91 .!. 0.36 
1.0 o.66 .!. 0.21 2.51 .!. 0.30 
l.S o.16 .! 0.25 2.17 .!. 0.27 
J.l 2.26 .!. 0.35 5.66 .!. 0.40 

14) I Surf ace 12.9 .!. o.a 17.5 .!. 0.8 
o.s 0.82 .!:. o.n J.22 .!:. O.l2 
1.0 1.07 + O.JO 2.SS .!. 0.29 
l.6 1.04 I 0.58 8.4l .!. 0.55 

• Refer to Flgure 10. 
b lrror h 2a ·baaed on counting atathtlca only. 
c Underlined .. aple location• are thoae ldentlf ied durlag 

the v•lkover 1urvey to have elev•ted eapoaure ratea. 

Re-226 

0.66 ±. 0.20 
0.78 .!. 0.20 
0.58 .!:. 0.14 
0.40 .!:. 0.14 
0.60 .!. 0.22 

1.64 .!. O.l6 
0.58 !. 0.18 
0.58 !. 0.20 
0.19 .!:. 0.21 

U-216 

<1.07 
<l.19 
<2.9) 
<2.09 
<2.6) 

<S.21 
<2.41 
<2.60 

l.JB .!. 0.47 



TABLE 4 

l&DIOMUCLlDI O>NCENTRATIONS IN SEDIHENT SAHPLES 

S••ple Radionuclide Coacentr•tiona (pCi/g) 
ocat ion• Deacrlpt ion Th-212 (la-228) Th-228 a.-226 

DI Drain•&• ltrea• S.28 !. O. 72b 5.04 !. O.S6 1.70 .!. O.lS 
02 Duinage &tr .. • 2.29 .!. 0.55 1.71 !. 0.4] O.Sl .!. O.ll 
P) Di'ainage ltr .. • 4.72 !. 0.64 2.7S !. 0.4l 0.76 !. O.l9 
04 Drainage Str .. • 2.01 !. 0.32 I. 7l .!. O.JI 0.61 .!. 0.20 
PS Duin•&• Tile s .12 .!. o.46 4.70 .!. O.l9 I.JI.!. 0.24 
ll6 Drainage Tile 9.17 !. o. 78 9.78 .!. O.S9 1.11.!.0.12 
07 Drainage Tile 18.0 .!. 1.0 19.1 .! 0.9 l.04 .!. 0.47 
08 Stora Sever 16.8 !. 1.0 17.5 .!. 0.8 3.6S .!. O.lt8 
09 Storm Sever 23.4 .!. 1.0 25.2 .!. 0.9 l.89 .!. o.47 
DIO Stora Sever 41.2 .! 1.s 18.7 .!. 1.2 4.12 .!. 0.61 
Dll Stora Sever 24.7 !. l.l 24.4 .!. 1.0 l.67 .!. O.SI 
012 &to ... Sever ]8] .! 4 127 .!. 3 30.2 .! 1.8 
DU Storm Sever 78.2 .!. 1.9 70.0 .!. 1.6 S.37 .!. 0.77 
lll4 Ito.-. Sever 9SI .! 6 866 !. 5 IOI .!. 3 
DIS Stora Bever 10.9 !. o.8 9.57 .!. o.u 1.49 .!. O.ll 

Refer to Figure 12. 
Error ia 2n baaed on counting atatiatica onlJ. 

---~----

U-lll 

<4.46 
<4 .o~ 
<l.8~ 

<2 .61 
<l.22 
<4.14 
<6. J4 

6.0J .• 0.51 
ll.6 ~ 0.6 
19.9 !. 0.1 

<6.16 
24.5 !. o.8 
12.7 !,0.6 
46. 9 !. 1.0 

<4.26 
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