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FMPC-0406-5
October 29, 1990

EXECUTIVE SUMMARY

The Feed Materials Production Center (FMPC) is a contractor-operated federal facility for the
production of pure uranium for the U.S. Department of Energy (DOE). The FMPC is located on
1050 acres in a rural area approximately 20 miles northwest of downtown Cincinnati, Ohio. On
March 9, 1985, the U.S. Environmental Protection Agency (EPA) issued a Notice of Noncompliance
letter to DOE identifying EPA’s major concemns about potential environmental impacts associated
with the FMPC’s past and present operations. On July 18, 1986, a Federal Facilities Compliance
Agreement (FFCA) was jointly signed by DOE and EPA. The FFCA was primarily intended to
ensure that environmental impacts associated with past and present activities at the FMPC are
thoroughly investigated so that appropriate remedial actions can be assessed and implemented. To
achieve consistency with the operable unit concept and the current commitments of the Remedial
Investigation/Feasibility Study (RI/FS) program without modifying the underlying objectives, the
1986 FFCA was amended by a Federal Facility Consent Agreement (Consent Agreement) under
Section 120 and 106A of the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA). The Consent Agreement was signed April 9, 1990 and became effective on June
29, 1990. Notice of the intent to conduct the RI/FS was given to the public in the Federal
Register, May 15, 1990. A separate RI/FS - National Environmental Policy Act (NEPA) process
was embarked upon at this time pursuant to the same Notice of Intent.

In response to the FFCA, an RI/FS was initiated pursuant to CERCLA, as amended by the
Superfund Amendments and Reauthorization Act (SARA). A site-wide RI/FS Work Plan based on
the requirements of the FFCA was submitted to EPA in December 1986; final EPA approval was
received in May 1988. The Work Plan established the site-wide objectives and overall technical
approach for the collection and evaluation of RI data.

The RI/FS Work Plan ultimately addressed 39 separate units at the FMPC that required
investigation. These units were categorized and grouped together into five operable units to
expedite remediation. Separate schedules were generated for each operable unit. The five operable
units established at the FMPC are:

Operable Unit 1 - Waste Storage Area

Operable Unit 2 - Solid Waste Units

Operable Unit 3 - Production Area and Suspect Areas
Operable Unit 4 - K-65 Silos and Metal Oxide Silos
Operable Unit 5 - Environmental Media
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The operable unit concept was introduced after completion of the Work Plan. No individual
operable unit plans were developed. Therefore, the objectives and methods for completing the RI
for each operable unit were based on the overall technical approach stipulated in the RI/FS Work
Plan.

This RI Report addresses Operable Unit 4 - the K-65 silos and the metal oxide silos. For the
purposes of the RI/FS, Operable Unit 4 was defined as those special facilities with waste
characteristics requiring the potential application of singular technologies to effect final remediation.
Specifically, Operable Unit 4 consists of the K-65 silos (Silos 1 and 2) and the metal oxide silos
(Silos 3 and 4), piping and tanks that lie beneath the silos, and the earthen embankment that
provides structural support to Silos 1 and 2. Production and waste disposal records indicate that
Silo 4 was never used for production-related activities or for waste storage or disposal.

Radiological and chemical analysis of standing rain water contained in the silo indicates the
presence of uranium below levels of concern. No further action will be considered for Silo 4 other
than removing the water as part of the facility upgrade program.

The FS for Operable Unit 4 is considering remedial actions for the silo structures, the waste stored
in the silos, and the adjoining soil berms. Any contaminated underlying soils or perched water will
also be addressed during the Operable Unit 4 FS.

It became apparent during the RI data evaluation for Operable Unit 4 that the full impacts of
Operable Unit 4 on the surrounding environment could not be determined by constraining the
evaluation to only the silos. Therefore, an Operable Unit 4 study area was established to allow
effective evaluation of remedial altematives. The Operable Unit 4 study area is bounded by the
following Ohio state plane coordinates: North 479300-481100 and East 1377950-1379150.

RI data relevant to Operable Unit 4 were evaluated by breaking the operable unit into its
component elements. The elements evaluated during the RI were:

Waste material in the silos

Physical structure of the silos

Soil embankments or berms (Silos 1 and 2)
Glacial overburden beneath the silos
Operable Unit 4 study area

Regional environment
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The RI field program began in July 1987. The specific media that were scheduled for sampling
and analysis during the RI were:

K-65 and metal oxide silo contents
K-65 silo berms

K-65 and metal oxide silo subsoils
Surface soils

Subsurface soils

Surface water and sediments
Groundwater

Biological resources

Sampling and analysis programs for the K-65 silo berms and the K-65 and metal oxide silo subsoils
are ongoing as this report is being prepared. No data are presently available from these programs.
A partial sampling of the contents of the K-65 silo was completed in 1989 by Westinghouse
Materials Company of Ohio (WMCO). A resampling effort by Advanced Sciences, Inc./IT
Corporation (ASI/IT), which is directed toward obtaining a representative core sample of the silo
contents, is ongoing at this time. Future revisions to this report will contain the data from these
sampling programs when they become available. '

Historic analyses of the K-65 silo residues indicated that approximately 11,200 kilograms of
uranium {0.71 percent uranium-235 (U-235)] are present in the residues. Analytical results of
residue samples taken in July 1988 indicated that the uranium concentration was 1400 parts per
million (ppm) in Silo 1 and 1800 ppm in Silo 2. In addition, approximately 1.6 to 3.7 kilograms
of radium were estimated to be in the K-65 silo residues.

Data from the sampling effort conducted in 1989 for Silos 1 and 2 indicate that the concentration
of radium-226 (Ra-226) in Silo 1 ranges from 89,280 picocuries/gram (pCi/g) to 192,600 pCi/g; in
Silo 2 it ranges from 657 to 145,300 pCi/g. Thorium-230 (Th-230) concentrations in Silo 1 range
from 10,569 to 43,771 pCi/g and from 8365 to 40,124 pCi/g in Silo 2. The concentration of lead-
210 (Pb-210) in Silo 1 ranges from 48,980 to 181,100 pCi/g and from 77,940 to 399,200 pCi/g in
Silo 2. Total uranium concentrations in Silo 1 range from 1189 to 2753 ppm and from 137 to
3717 ppm in Silo 2.

The radium content of Silo 3 was previously estimated at between 15 and 23 curies. The material

stored in Silo 3 was also estimated to contain 20 tons of uranium. The quantity of thorium was
unknown.

ES-3
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The results of the Silo 3 core sample analysis from the 1989 sampling effort indicate Ra-226 con-
centrations range from 467 to 6435 pCi/g, comparatively lower than the results from Silos 1 and 2.
Th-230 concentrations in Silo 3 range from 21,010 to 71,650 pCi/g, which are almost twice as high
as the Th-230 concentrations observed in the K-65 silos. Total uranium was present in Silo 3 in
concentrations ranging from 738 to 4554 ppm.

No additional data conceming the silo structures were obtained during the RI. The structural data
generated in two previous studies, Camargo Associates, Ltd. (1986) and Bechtel National, Inc. (BNI
1990) are current and deemed appropriate. These studies independently concluded that no life
expectancy could be assigned to the K-65 silo domes because of their deteriorated condition.

BNI's subsequent Engineering Evaluation/Cost Analysis (EE/CA) explored options for the K-65
Removal Action. Conducted in accordance with the National Oil and Hazardous Substances
Pollution Contingency Plan (NCP) (40CFR300.415), this study found that a tomado-induced
structural failure of both silos could result in an initial uncontrolled release of approximately 66
curies of radon-222 and some K-65 residues. Furthermore, a spontaneous failure of either silo
would result in a release of 33 curies of radon. In both cases, radon release would increase
following the initial release until corrective action could be implemented by FMPC personnel.
Hence, due to the substantial risk associated with the silos, remedial action should not be
undertaken at the silos without providing additional structural support for the silos.

The area around Operable Unit 4 and the FMPC boundary fenceline has been monitored for direct
exposure to penetrating radiation (gamma radiation). During 1988, the boundary monitoring station
exhibiting the highest average radiation exposure rate was the station directly west of Operable
Unit 4 at a distance of 340 meters, along the westem FMPC site boundary. The dose equivalent
rate measurement for this location was an annual average of 15.3 microrem/hour (urem/hr). The
maximum was 23.53 prem/hr, and the minimum was 11.56 prem/hr. Natural background radiation
for the area surrounding the FMPC has been estimated to range from 10 to 12 prem/hr.

The 1988 results of routine radon measurements collected as part of the FMPC environmental moni-
toring program indicate that annual average background radon concentrations range from 0.50 to
1.25 picocuries/ liter (pCi/L). Off-site monitoring stations positioned at private residences near the
FMPC recorded annual average concentrations ranging from 1.13 to 1.65 pCi/L. FMPC boundary
fenceline monitoring stations recorded concentrations ranging from 0.6 to 1.65 pCi/L, with the
measurement of 1.65 pCi/L being recorded along the FMPC boundary just west of the silos.

ES4
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The Ohio Department of Health (ODH) established 16 outdoor radon monitoring stations around the
FMPC: 12 locations along the FMPC site boundary and 4 control locations distant from the
FMPC. Analyses of the detectors located at the site boundary closest to the K-65 silos and those
located distant from the FMPC do not reveal consistent significant differences in measured radon
concentrations.

There are no data available on the nature and extent of any contamination that may be present in
the K-65 silo berms. Radon may be diffusing through the silo walls and decaying to Pb-210 and
polonium-210 (Po-210), which accumulate in the berms. The berm sampling and analysis program
being conducted as part of the RI will address the potential accumulation of Pb-210 and Po-210
decay.

Surface soil samples collected within the Operable Unit 4 study area during the RI contained
uranium, thorium, and radium. The maximum isotopic concentrations for these radionuclides were:
20.8 pCi/g for U-238; 6.9 pCi/g for U-234; 4.3 pCi/g for Th-230; 1.7 pCi/g for Th-232; and 4.2
pCi/g for Ra-226. There were no conclusive data to suggest that these radionuclides were present
as a result of releases from Operable Unit 4 as opposed to releases associated with general
operations at the FMPC.

Subsurface soil samples collected within the Operable Unit 4 study area during the RI were
submitted for full radiological analysis. Observed uranium isotopic concentrations were within
background range and did not exceed 1.4 pCi/g for U-238, except for one sample that contained
15.0 pCi/g. Thorium concentrations were less than 1.8 pCi/g with the exception of two samples
that contained 3.8 and 4.8 pCi/g. Radium was within background range and did not exceed 1.5
pCi/g. There were also isolated detections of technetium-99 (Tc-99), which did not exceed 3.6
pCi/g. Based on these data, there was no evidence of subsurface soil contamination directly
associated with Operable Unit 4. National Lead Company of Ohio, Inc. (NLO) conducted a slant
boring sampling beneath the silos in 1983. The presence of uranium and radium in the soil ranged
in concentrations from 0.77 to 9.66 pCi/g uranium and 0.68 to 1.2 pCi/g radium. Samples were
collected at a depth of 5 to 20 feet below land surface. However, these data were insufficient to
determine the full nature and extent of contamination below the silos. Therefore, a final evaluation
of subsurface soil contamination within the Operable Unit 4 study area cannot be conducted until
the data are available from the slant boring program. This program is designed to collect soil
samples from directly beneath the silos.
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Surface water samples were collected from drainageways within the Operable Unit 4 study area
during the RI. These samples contained elevated uranium concentrations ranging from 5 to 2219
micrograms/liter (ug/L). The highest observed uranium concentration was collected from the
downstream sampling location closest to the K-65 silos. Concentrations of uranium in a water
sample collected from Paddys Run downstream of the K-65 silos ranged from 5 to 29 pg/L.
Radium was not detected in any of the surface water samples collected within the Operable Unit 4
study area.

Sediment samples collected from drainageways within the Operable Unit 4 study area during the RI
contained uranium concentrations ranging from 1.0 to 30.3 ppm. The highest observed uranium
concentration was collected from the downstream sampling location closest to the K-65 silos. This
location corresponded with the surface water sample also containing the highest uranium
concentration. Sediment samples collected from Paddys Run downstream of the K-65 silos
contained uranium concentrations ranging from 1.0 to 3.0 ppm.

Although both surface water and sediment samples collected within the Operable Unit 4 study area
contain elevated concentrations of uranium, it is not possible to verify the source. Currently, there
are no data to suggest that the K-65 silos or Metal Oxide Silo 3 are sources of this contamination.
This can only be confirmed by analyzing samples from the slant boring program to determine if the
silos are leaking or if the glacial overburden beneath the silos has received enough spillage from
past operations to become a contaminant source. Historically, surface water runoff from the Pilot
Plant area flowed through drainageways in the vicinity of Operable Unit 4. These potentially
contaminated surface waters may have been the source of contamination observed within the
Operable Unit 4 study area. It is also possible that surface water contamination present within the
Operable Unit 4 study area originated from the waste pits. Regardless, a planned storm water
runoff removal action will control and treat runoff from the Waste Storage Area, which includes
Operable Unit 4.

Groundwater samples were collected from wells within the Operable Unit 4 study area during the
RI. Samples were collected from 1000-, 2000-, and 3000-series wells, which are screened
respectively in the glacial overburden; at the water table within the Great Miami Aquifer; and at
approximately the central part of the Great Miami Aquifer, just above the clay interbed. Uranium
concentrations were highest in samples collected from the 1000-series wells. Radium was not
consistently detected in groundwater samples collected within the Operable Unit 4 study area.




L

384

FMPC-0406-5
October 29, 1990

Therefore, no conclusion can be drawn that the K-65 silos are the source of groundwater
contamination until the results from the slant boring program become available.

The highest observed uranium concentrations, which ranged from 196 to 276 pug/L, were in samples
collected from Well 1032. This well is located between the silos and Paddys Run. Data from
Well 1032 are not considered representative of contamination originating from Operable Unit 4
because this well was placed in a former construction rubble pile. This rubble pile will be
addressed as a suspect area under Operable Unit 3.

The concentration of total uranium at the surface of the Great Miami Aquifer, based on analysis of
samples from the 2000-series wells, ranged from less than 1 to 27 pg/L. These data do not
necessarily suggest that the silos are the source of the observed contamination. The concentration
of total uranium measured at deeper levels in the Great Miami Aquifer (3000-series wells) ranged
from less than 1 to 4 pg/L, with the exception of 1 sample out of 16, which contained 10 pg/L.
Like the 2000-series wells, no conclusions could be drawn to link this contamination to the silos.
In an effort to resolve the uncertainty concemning the source of the uranium that is present in
samples from the Great Miami Aquifer, two new 2000-series wells, Wells 2032 and 2033, were
installed. Well 2032 was installed on the west side of the silos in February 1990. Well 2033 was
installed on the east side of the silos in June 1990. These wells were placed adjacent to the
corresponding 1000-series wells. Analysis of samples from these wells will allow monitoring of
any downward movement of uranium into the Great Miami Aquifer and facilitate the assessment of
water movement between the glacial overburden, Paddys Run, and the Great Miami Aquifer. Data
from the slant boring program will also be essential in evaluating Operable Unit 4 as a source of
the observed uranium contamination.

The investigation of biological resources conducted during the RI determined that there is uptake of
radionuclides by both plants and animals within the FMPC. Food chain relatonships were
established; however, none of the data from this study can be directly related to releases from
Operable Unit 4.

The principal environmental concems associated with Operable Unit 4 are direct radiation emitted
from the materials in the silos and the release of radon gas from the silos. The RI concluded that
there is radionuclide contamination present within the Operable Unit 4 study area; however, the
origin of this contamination cannot be traced to determine if it is the result of K-65 silo leakage or
from deposition of radionuclides from other FMPC operations. Data from the slant boring and
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berm sampling programs are needed to establish whether there is contamination present in the
glacial overburden beneath the silos. If the glacial overburden is not contaminated, there are no
other data to conclusively show that releases to the environment from Operable Unit 4, other than
direct radiation and radon gas, extend beyond the immediate boundary of Operable Unit 4.

The resampling and analysis of the K-65 silo contents must also be completed to fully characterize
the materials in the silos. These data are required to complete the engineering evaluations of
remedial altemnatives being conducted under the FS.

The following investigative activities are also planned to supplement the site-wide RI/FS data and
may provide data applicable to Operable Unit 4:
*  Collect surface water and sediment samples from Paddys Run as planned. These data

will aid in identifying the source of elevated uranium concentrations detected in
surface water and sediment samples.

Attempt to collect samples of the occasional groundwater seepage emanating from the
banks of Paddys Run. These samples would provide a cost-effective means of
acquiring data that might provide some additional insight into contaminant migration
pathways within the Operable Unit 4 study area.

Based on the existing RI data, Operable Unit 4 represents a potential, but as yet unconfirmed,
source of contamination to groundwater and other environmental media. The FS has formulated
remedial action objectives to achieve the overall goal of protecting public health and the
environment by isolating, removing, or treating the source of contamination. There are a number of
response actions that are being considered to achieve these objectives. These remedial action
alternatives, in addition to the no-action altemative, include both waste removal and nonremoval
actions. The nonremoval altemnatives range from simple containment of the waste to in situ
stabilization coupled with containment technologies, postremoval actions, and waste disposal actions.
The postremoval actions include waste stabilization, contaminant separation, on-property disposal in
an engineered disposal facility, or off-site disposal. These remedial action alternatives will satisfy
the established remedial action objectives and are being evaluated under the Operable Unit 4 FS.
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1.0 INTRODUCTION

The Feed Materials Production Center (FMPC) is a contractor-operated federal facility for the
'production of pure uranium metals for the U.S. Department of Energy (DOE). The FMPC site is
located on 1050 acres in a rural area approximately 20 miles northwest of downtown Cincinnati,
Ohio. The Production Area is limited to an approximate 136-acre tract near the center of the
FMPC site. The villages of Fernald, New Baltimore, Ross, New Haven, and Shandon are all
located within a few miles of the plant (Figure 1-1).

On March 9, 1985, the U.S. Environmental Protection Agency (EPA) issued a Notice of
Noncompliance to DOE identifying EPA’s major concems about potential environmental impacts
associated with the FMPC’s past and present operations. Between April 1985 and July 1986,
conferences were held between DOE and EPA representatives to discuss the issues and to identify
the steps DOE proposed to take to achieve and maintain environmental compliance.

On July 18, 1986, a Federal Facilities Compliance Agreement (FFCA) was jointly signed by DOE
and EPA pertaining to environmental impacts associated with the FMPC. The FFCA was entered
into pursuant to Executive Order 12088 (43CFR47707) to ensure compliance with existing
environmental statutes and implementing regulations such as-the Clean Air Act, the Resource
Conservation and Recovery Act (RCRA), and the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA). In particular, the FFCA was intended to ensure that
environmental impacts associated with past and present activities at the FMPC are thoroughly and -
adequately investigated so that appropriate remedial response actions could be formulated, assessed,
and implemented. On April 9, 1990, DOE and EPA Region V amended the 1986 FFCA by a
Federal Facility Consent Agreement (Consent Agreement) to achieve consistency with the operable
unit concept and the current commitments of the Remedial Investigation/Feasibility Study (RUFS)
program without modifying the underlying objectives. The Consent Agreement, pursuant to
CERCLA Section 120 and 106(a), became effective June 29, 1990. Notice of the intent to conduct
the Operable Unit 4 RI/FS was published in the May 15, 1990 Federal Register. A separate

RI/FS - National Environmental Policy Act (NEPA) process was embarked upon at this time
_pursuant to the same Notice of Intent.

In response to the FFCA, an RI/FS was initiated pursuant to CERCLA, as amended by the Super-
fund Amendments and Reauthorization Act (SARA). All RI/FS activities are being conducted in
conformance with EPA’s "Guidance for Conducting Remedial Investigations and Feasibility Studies

FER/OU4RI/SA.132-5/10-29-90 1-1

e o
v

e “"”MW T



-

A
o

602.A_3317A146_BP_FND

FERNALD E’
; NEW HAVEN ROAD :

FIGURE 1-1. FIVE-MILE RADIUS MAP, FEED MATERIALS PRODUCTION CENTER

s

'..\N” NN T =




984
FMPC-0406-5
October 29, 1990

Under CERCLA" (EPA 1988a). The RI/FS for the FMPC was initially designed to address the
entire site and to focus on various environmental media that could be affected by past and present
operations at the FMPC. The purpose of the RI is to determine the nature and extent of any
release, or threat of release, of hazardous or radioactive substances and to gather the necessary data
to support the evaluation of remedial action altematives in the FS.

A Work Plan for the site-wide RI/FS, based on the requirements of the FFCA, was originally
submitted to EPA in December 1986. After a series of technical discussions, the Work Plan was
modified and resubmitted in March 1988. It received EPA approval in May 1988.

The Work Plan prepared for the site-wide RI/FS provided the overall technical approach, identified
a number of investigative areas, developed objectives for each of the specified investigations, and
established overall objectives for the evaluation of data collected during the RI activities. The
Work Plan also involved preparing a number of detailed plans to establish specific procedures to be
followed in the completion of the RI/FS for the FMPC. These plans included the following:
Sampling Plan

Health and Safety Plan

Community Relations Plan

Data Management Plan
Quality Assurance Project Plan

The Sampling Plan, which was submitted in March 1988 in conjunction with the RI/FS Work Plan,
contained objectives, sampling locations, and sampling procedures for the following:

Radiation measurement ' .
Surface soils

Groundwater

Subsurface soils

Surface water and sediment

Biological resources

The Work Plan identified 27 units of the FMPC to be investigated in the RI/FS. Several
modifications to the list eventually increased this total to 39 units. In the course of the
investigation, it became apparent that, for technical and program management purposes, these 39
units needed to be categorized and grouped together. The concept of operable units was introduced
into the program to accommodate separate schedules for each operable unit. This allowed the
remedial action process to proceed to completion for the most well-defined or problematic units,
while data collection and analysis continued for other units.

FER/OU4RI/SA.132-5/10-29-90 1-3
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There are five operable units:

¢ Operable Unit 1 - Waste Storage Area

Operable Unit 2 - Solid Waste Units

Operable Unit 3 - Production Area and Suspect Areas
Operable Unit 4 - K-65 Silos and Metal Oxide Silos
Operable Unit S - Environmental Media

Because the Work Plan, and more specifically the Sampling Plan, were developed prior to the
formulation of the operable units for the FMPC, there were no specific operable unit sampling plans
prepared. Areas covered by Operable Units 1 through 4 (Figure 1-2) are considered sources for
possible contamination of the underlying Great Miami Aquifer. Although an RI report for one
operable unit may indicate the presence of an adjacent operable unit as a potential contributing
source, the focus of the RI report will be to present data identifying that source and to define the
vertical and lateral extent of contamination within the boundary of that operable unit.

The RI report for Operable Unit 5 will address the Great Miami Aquifer, which underlies the
source operable units; surface water drainages that may carry contamination from those operable
units; and any remaining soil contamination not included in the other operable unit RI reports. The
net effect of the five RI reports will be to provide a complete description of the extent of
contamination and a detailed analysis of its various sources.

The scope of work for the RI at the FMPC was prepared to satisfy the following specific

" objectives:

» Identify and characterize any sources of potential radiological and chemical
contamination.

*  Determine the nature and extent of any radiological and chemical substances found in
soils, sediments, surface water, and groundwater.

e Identify the migration pathways and mechanisms for transpornt of radiological and
chemical substances found in soils, sediments, surface water, and groundwater.

»  Characterize the occurrence of chemical or radiological substances in aquatic and
terrestrial organisms both on and off site.

e Conduct health risk assessments and environmental impact studies to assess the risk
associated with any confirned contamination at or originating from the site.

FER/OU4RI/SA.132-5/10-29-90 14
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e  Develop, validate, and apply various site models to augment the current understanding
of the site environment

e Provide the data necessary to perform the screening and detailed analysis of remedial
alternatives during the FS

The RI field program began in July 1987. The FS will subsequently utilize the RI data to select,
screen, and analyze remedial action altematives. The nine criteria specified in the RI/FS guidance
document (EPA 1988) will be utilized during the FS for the evaluation and eventual selection of
remedial alternatives.

1.1 PURPOSE OF REPORT

This RI report serves to document the data collection and analysis phase of the RI/FS for Operable
Unit 4. The evaluation considered data relevant to Cperable Unit 4 that were obtained during
previous investigations as well as data obtained during the RI. The evaluation of these data was
directed toward achieving the following three primary objectives:

o Defining the nature and extent of contamination originating from Operable Unit 4

*  Quantifying the risk to human health and the environment associated with Operable
Unit 4 contamination '

o Supporting the evaluation of remedial alternatives being conducted under the FS for
Operable Unit 4

For the purposes of the RI/FS, Operable Unit 4 is defined as the two K-65 silos (Silos 1 and 2)
and the metal oxide silos (Silos 3 and 4). This includes the silo contents and associated
underground tanks and piping lying directly beneath the silos. For Silos 1 and 2, Operable Unit 4
extends to the toe of the earthen embankment that provides structural support to the silos. Piping
and transfer lines associated with Operable Unit 4 that fall outside the boundaries addressed above
will be remediated as part of another operable unit.

Silo 4 was included as a component of Operable Unit 4 to satisfy a requirement of the FFCA that
all waste storage facilities be accounted for under the site-wide RI/FS. However, production and
waste disposal records indicate that Silo 4 was never used for production-related activities or for
waste storage or disposal. Currently there is standing water in Silo 4. Radiological and chemical
analyses of water samples collected from Silo 4 on June 9, 1989 indicate that there are detectable
levels of uranium isotopes and inorganic chemicals. The low concentrations of these materials in

Silo 4 are consistent with the likely scenario that their presence is due to resuspension of materials

FER/OU4RV/SA.132-510-29-90 1-6
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from the nearby waste storage pits, subsequent atmospheric transport and deposition onto the silo
dome, and percolation of rain water into the silo. Several alternatives including the no-action
altemnative are being considered for Silo 4 under the FS.

The FS for Operable Unit 4 is currently considering remedial actions only for the physical
structures of Silos 1, 2, 3, and 4; the stored waste in these silos; and the soil berms adjoining Silos
1 and 2. The decant sump, piping beneath the the silos, and any contaminated underlying soils or
perched water will also be incorporated into the remedial action program for Operable Unit 4.
However, the eventual need for remedial action for Operable Unit 4 will at least partially depend
on the past or potential release of contaminants into the environment and any associated public
health risk. Consequently, even though the remedial action will be geographically constrained to
the immediate area of the silos, the RI and associated risk assessment had to be extended to the
surrounding environmental media.

An Operable Unit 4 study area was defined for the purpose of evaluating data from surrounding
environmental media during the RI and risk assessment. The study area to be considered for
Operable Unit 4 is bounded the following State of Ohio plane coordinates: North 479300-481100
and East 1377950-1379150. The study area is shown in Figure 1-3. This study area was
established to allow effective evaluation of remedial altematives.

The data evaluation for Operable Unit 4 began by focusing on the contents of the K-65 silos and
systematically expanding outward to incorporate a site-wide perspective. Figure 14 is a pictorial
representation of the approach taken during the evaluation of RI data, highlighting the sequence of
going from most specific to most general. This figure establishes six discrete elements to be
considered during the evaluation of Operable Unit 4.

Operable Unit 4 was subdivided into the following four discrete elements with waste characteristics
" requiring the potential application of singular technologies to effect final remediation:

The K-65 silos (Silos 1 and 2) and the Metal Oxides Silo 3
The materials contained inside Silos 1, 2, and 3

The glacial overburden beneath the silos

The earthen berm surrounding Silos 1 and 2

FER/OU4RI/SA.132-5/10-29-90 1-7
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Moving outside the boundary of Operable Unit 4, local and regional impacts associated with
Operable Unit 4 were evaluated by extending the data evaluation to:

*  The Operable Unit 4 study area
e The regional environment

The Operable Unit 4 study area was defined to concentrate on that region of the FMPC that is
most likely to be affected by any contamination originating from Operable Unit 4. This study area
includes Operable Unit 4 and its surrounding environs.

The regional environment was the most general element evaluated because it is applicable to each
of the five operable units. A regional perspective is necessary to assess risks related to Operable
Unit 4 and to evaluate remedial alternatives.

Table 1-1 summarizes the data evaluation approach applied during the RI to the six designated
elements related to Operable Unit 4. Each of the six elements addressed during the RI, and its
relationship to Operable Unit 4, is discussed below.

Waste Material in Silos (Element 1)

The waste materials in the silos required complete characterization as part of the RI. Issues that
could not be fully addressed without a detailed physical, chemical, and radiological characterization
of the silo contents included:

Applicability of remediation technologies

Disposal options

Quantification-of source term

Leachability and release potential

Selection and confirmation of indicator parameters to monitor releases of silo
materials

It is necessary to address these issues to ensure selection of the most appropriate remedial actions
for Operable Unit 4.

Physical Structure of the Silos (Element 2)
The RI addressed the physical condition of the silos because of the potential for release of

contamination associated with failure of the silo structure. Specific issues related to the physical
integrity of the silos include:

FER/OU4R/SA.132-5/10-29-90 1-10
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Areas of the silo requiring structural support or repair
Environmental impacts associated with silo failure
Potential for leakage from the bottom of the silos
Long-term structural integrity

Each of these issues will affect the evaluation and selection of remedial altemnatives.

Soil Berms (Silos 1 and 2) (Element 3)
The soil berms were included in the RI because of the potential for contamination resulting from
silo leakage. Another concern associated with the soil berms is the possible accumulation of
lead-210 (Pb-210) and polonium-210 (Po-210) resulting from the decay of radon-222 (Rn-222) gas
migrating from the silos through the berm soils. Specific issues being addressed during the RI are:
e  The volume of soil requiring remediation
* Requirements for treatment or disposal of any contaminated soils
e The potential for downward migration of contaminants that might be present in the

berms
» Potential for release of contaminants to Paddys Run

Each of these issues is being considered during the evaluation of remedial altenatives for Operable
Unit 4.

Glacial Overburden Beneath the Silos (Element 4)
The glacial overburden beneath the silos is being evaluated to determine if it has been contami-
nated by any materials that might have leaked from the silos. Specific issues addressed during this
evaluation include:

» The volume of soil requiring remediation

¢ Requirements for treatment or disposal of any contaminated soils

«  The potential for downward migration of contaminants that might be present in the

glacial overburden
« Possible sources of contamination other than the silos

The presence of contamination below the silos would have a significant impact on the evaluation of
remedial altematives for Operable Unit 4.

Operable Unit 4 Study Area (Element 5)
The Operable Unit 4 study area was evaluated for any evidence or indication of releases from

Operable Unit 4. The environs immediately adjacent to and surrounding Operable Unit 4 are the

FER/OU4RI/SA.132-5/10-29-90 1-14
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most likely to have been impacted if a release occurred. Specific issues addressed during this
evaluation included:

Definition of migration pathways and patterns

Worker safety during remediation

Radon emissions

Direct evidence of release from silos

Nearby environmental resources that could be impacted (ambient air, groundwater,
surface water, and soils)

These issues must be considered during the evaluation of potential remedial alternatives for
Operable Unit 4.

Regional Environment (Element 6)

The regional environment is defined as that region lying outside the Operable Unit 4 study area.
The bounds of the regional environment extend as far as necessary to evaluate data relevant to
Operable Unit 4 or to assess impacts from Operable Unit 4. Although the RI for Operable Unit 4
was directed specifically at this operable unit, it was necessary to consider the regional
environment. Issues related to Operable Unit 4 that were addressed by employing a regional
perspective included:

Radon emissions

Risk to off-site receptors

Long-term migration potential for materials released from the silos

Regional environmental resources that could potentially be impacted (e. g ambient air,
groundwater, or wetlands)

Any evidence of regional environmental impact directly related to Operable Unit 4 may be
addressed under the FS for Operable Unit 5 or another operable unit if it is deemed more
appropriate.

This RI Report for Operable Unit 4 addresses each of these six elements of the investigation. The
issues associated with each element are also addressed to the extent that the data will allow. Those
issues for which no data are available will be addressed in studies that are planned as part of the
RI but have not yet been conducted.

FER/OU4RYSA.132-5/10-29-90 1-15
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‘1.2 SITE BACKGROUND

This section provides general site-wide background information on the FMPC and the surrounding
area. It includes a description of the FMPC, a site history, and a discussion of previous site
investigations. More specific information for this operable unit is supplied in Section 1.3.

1.2.1 Site Description and History
The Atomic Energy Commission (AEC), predecessor to DOE, established the FMPC for processing

uranium and its compounds from natural uranium ore concentrates and recycled recoverable residues
for govemnment needs. ' This integrated production complex began operations in conformance with
AEC Orders in the early 1950s. In 1951, National Lead Company of Ohio (now NLO Inc.)
entered into contract with the AEC as Operations and Maintenance (O&M) Contractor. This
contractual relationship lasted with AEC, and eventually DOE, until January 1, 1986. Westinghouse
Materials Company of Ohio (WMCO), a wholly owned subsidiary of Westinghouse Electric
“Corporation, then assumed management responsibilities of the site operations and facilities for a
minimum of § years.

A Pilot Plant was completed in 1951 and was the first operational fécility at the FMPC; a Metals
Fabrication Plant (Plant 6) began operations in 1952. Two Metals Production Plants (Plants 5 and
6), the Green Salt Plant (Plant 4), Recovery Plant (Plant 8), Sampling Plant (Plant 1), and the
Refinery (Plants 2 and 3) began operations in 1953. The Hex Plant (Plant 7) and the Special
Products Plant (Plant 9) were operational in 1954. A diagram of the existing FMPC layout is
provided in Figure 1-5.

Production peaked in 1960 at approximately 10,000 metric tons of uranium (mtu) per year. A
product decline began in 1964 and reached a low of about 1230 mtu in 1975. During the 1970s,
consideration was given to closing the FMPC; therefore, capital improvements and staffing were
minimized. The staffing level, which peaked at 2891 in 1956, slowly declined from 662 in 1972 to
538 in 1979. In 1981, the FMPC began planning to accommodate increased production
requirements. Production levels significantly increased and there was a rapid staff buildup in many
areas for several years. Implementation of a major facilities restoration program followed.

Uranium metal production ceased in the summer of 1989 to focus plant resources on the restoration
program. Currently, the FMPC metal production remains in an inactive status; however, the
environmental studies and restoration activities continue.
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A variety of chemical and metallurgical processes were utilized at the FMPC for manufacturing
uranium products. During the manufacturing process, high quality uranium compounds were
introduced into the FMPC processes at several points. Impure starting materials were dissolved in
nitric acid and the uranium was purified through solvent extraction to yield a solution of uranyl
nitrate. The tributyl phosphate (TBP)-kerosene mixture was used in the extraction process.
Evaporation and heating converted the nitrate solution to uranium trioxide (UO,) powder.

This compound was reduced with hydrogen, derived from dissociated ammonia, to uranium dioxide
(UO,) and then converted to uranium tetrafluoride (UF,) by reaction with anhydrous hydrogen
fluoride. Uranium metal was produced by reacting UF, and magnesium metal in a magnesium
fluoride (MgF,) slag-lined vessel. This primary uranium metal was then remelted with scrap
uranium metal to yield a purified uranium ingot. Various uranium metalworking processes also
existed.

From 1953 through 1955, the FMPC Refinery processed pitchblende ore from the Belgian Congo
(Boback et al. 1986a). Pitchblende ore contains all daughter products of the uranium decay chains
and is particularly high in radium content. No chemical separation or purification was performed
on the ore prior to arrival at the FMPC. Beginning in 1956, the Refinery feedstock consisted of
uranium concentrates (yellowcake) from Canada and the United States. Canadian concentrates were
not processed after 1960. In the production of these concentrates, most of the uranium daughters
had been removed. The yellowcake contained radium-226 (Ra-226) in amounts that varied with the
process.

Small amounts of thorium were produced at the FMPC on several occasions from 1954

through 1975. Thorium operations were performed in the Metals Fabrication Plant, the Recovery
Plant, the Special Projects Plant, and the Pilot Plant. The FMPC currently serves as the thorium
repository for DOE and maintains storage facilities for a variety of thorium materials.

Large quantities of liquid and solid wastes are generated by the various operations at the FMPC.
Prior to 1984, solid and slurried wastes from FMPC processes were disposed of in the on-property
waste storage area. This area, which is located west of the production facilities (Figure 1-6),
includes six low-level radioactive waste storage pits; two earthen-bermed concrete silos containing
K-65 residues which are high-specific activity, low-level radium-bearing residues resulting from the
pitchblende refining process; one concrete silo containing metal oxides; two lime sludge ponds; and
a sanitary landfill. The Waste Storage Area is addressed under Operable Units 1 and 4.
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Solid waste materials associated with uranium metals production are presently stored on property in
steel drums awaiting further processing or off-site disposal at approved facilities. These wastes
include oils, sludges, contaminated combustibles, filter cake, off-spec UF, or thorium tetrafluoride
(ThF,)), and reject UO,. The drums sit on various pads and in warehouses and are inspected
weekly. Contents of deteriorated drums are repackaged in either 55-gallon or 80-gallon carbon steel
drums, depending on their size. Other waste materials are in warehouses, stored in drums on
contained surfaces that have dikes and sumps. These materials include spent degreasing solvents
and polychlorinated biphenyl (PCB)-contaminated material.

An inactive fly ash disposal area and an active fly ash pile, addressed under Operable Unit 2, are
located approximately 3000 feet south-southeast of the Waste Storage Area. One pile remains
active for the disposél of fly ash from the FMPC coal-fired boiler plant. An area between and
adjacent to the fly ash areas, known as the Southfield, is believed to be the disposal site for
construction debris and possibly other types of solid wastes from FMPC operations. The Southfield
is also being addressed as a solid waste unit under Operable Unit 2.

Surface water runoff from the Waste Storage Area, fly ash piles, and other affected areas within the
western portion of the FMPC that does not go to the settling basin called the Clearwell enters -
Paddys Run, a tributary of the Great Miami River. Paddys Run originates just north of the FMPC
and flows south-southeast along the westem edge of the site. For most of the year it is a dry
streambed with occasional rainfall-induced flows.

Leachate from these same areas can potentially migrate vertically through a glacial overburden layer
of varying thickness to the regionally important Great Miami Aquifer, which underiies the site.

The Great Miami Aquifer serves as a principal source of domestic, municipal, and industrial water
throughout the region. A portion of the flow in Paddys Run is also known to enter the Great
Miami Aquifer as a result of leakage through the stream bottom. Leakage occurs over the length
of Paddys Run beginning at a point west of the Waste Storage Area and extending to the Great
Miami River.

Liquid waste effluent generated from the FMPC process operations is sent to a general plant sump
for treatment and analysis before release to the Great Miami River through the main effluent line.
The main effluent line to the Great Miami River is the permitted discharge point for wastewater

from the FMPC. The discharge is regulated by a National Pollutant Discharge Elimination System
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(NPDES) permit and DOE Orders, with compliance monitoring performed at Manhole 175 before
the effluent leaves the site boundary.

Storm water runoff from the Production Area is collected in storm water retention basins to allow
for solids removal before being analyzed and released to the Great Miami River through the same
effluent line. During extreme storm events, if the storm water retention basins overflow, storm
water is discharged through the storm sewer outfall ditch to Paddys Run.

1.2.2 Previous Site Investigations

1.2.2.1 Geologic Investigations
Geologic investigations of the area that surrounds and includes the FMPC have contributed

substantial information to the RI/FS investigation. Fenneman (1916) performed an extensive survey
of the geology in the Cincinnati area. This report is among the first that describes in detail the
interbedded limestone and shale bedrock and its mantle of glaciofluvial and alluvial sediments.
Later, workers such as Durrell (1961) supported the earlier observations of Fenneman. The shape
of the buried channel aquifer was further refined by Watkins and Spieker (1971) via geophysical
surveys of the area around Fernald. More recent information includes various maps of the geology
of Hamilton and Butler counties, Ohio, as well as individual quadrangle maps of areas located in
those counties (Leow 1985; Vormelker 1985; Ford 1974; Swinford in preparation). Maps showing
the extent and age of the glacial overburden in the study area have also been produced

(Brockman 1986). Lerch et al. (1980 and 1982) performed soil surveys of Butler and Hamilton
counties, Ohio. A detailed discussion of the current understanding of the geology at the FMPC is
presented in Section 3.0.

1.2.2.2 Surface Water Investigations
The Miami Conservancy District has kept precipitation and runoff records for the Miami River

Valley since the early 1900s (Houck 1921). Precipitation records have also been kept at the
Cincinnati Airport. Flood information for the Great Miami River and Paddys Run is available from
the Federal Emergency Management Agency (FEMA 1982). Additional information on most Ohio
streams, including the Great Miami River and Paddys Run, has been well-documented with respect
to flow duration and water quality {Cross and Hedges 1959; Ohio Environmental Protection Agency
(OEPA) 1982].
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Flow in the drainage basin is monitored by the U.S. Geological Survey (USGS) using a gaging
station on the Great Miami River at Hamilton, Ohio. Flow regulation on the Great Miami River
has been studied by Spieker (1968a). Paddys Run data have been compiled by Dames and Moore
(1985). Realignments and other modifications of Paddys Run and its tributaries on the FMPC have
been documented by Dove (1961) and WMCO (1987). Surface water quality data for the FMPC
area are available from NLO for the period 1979 through 1983 and the OEPA for the period 1977
through 1983. WMCO has maintained surface water quality data since 1983. A detailed discussion
of the surface water hydrology at the FMPC is presented in Section 3.0.

1.2.2.3 Hydrogeologic Studies
Dove (1961) and Spieker (1968a) extensively described the hydrology and hydrogeology of the

Great Miami Aquifer in the lower Great Miami River Valley. These studies documented recharge
rates, permeabilities of various lithologies, and other aquifer characteristics. Both also discussed
groundwater/surface water interactions, specifically for the Great Miami River and Paddys Run.
Other studies of the regional valley-fill aquifer in the vicinity of the FMPC include a study by the
Miami Conservancy District (1985), several studies by the Ohio Department of Natural Resources
(Walker 1986; Walton and Schaefer 1956), and various contracted studies (GeoTrans 1985; Dames
and Moore 1985a; ATEC Associates, Inc. 1982). Twonother studies by Spieker (1968b,c) deal with
the potential effects of increased pumping of the groundwater and future development of the
groundwater resources, respectively. A detailed discussion of the current understanding of the
hydrogeology of the FMPC is presented in Section 3.0.

1.2.2.4 Contamination Releases at the FMPC

Dove and Norris (1951) were the first to describe the possible fate of chemical and radionuclide
wastes that infiltrate the groundwater in the Great Miami Aquifer. Publications released in the last
five years document radionuclide releases from the FMPC into the environment. These studies are
either from DOE (1985) or are intemal WMCO documents (Boback et al. 1985, 1986a, 1986b;
WMCO 1987, 1989a; Clark et al. 1989). Spieker and Norris (1962) investigated radionuclide
contamination of the groundwater and the transport of the contaminated water through the Femald,
Ohio area. Additionally, the Ohio Department of Health (ODH) has documented radionuclide
contamination in private wells in the FMPC area (ODH 1988). Sedam (1984) investigated the
occurrence of uranium in the groundwater in the vicinity of the FMPC for DOE. Starkey et al.
(1962) and the NLO (Spencely 1983) performed internal investigations to distinguish between
FMPC contamination and non-FMPC contamination.
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1.2.2.5 Environmental Surveys
For more than 10 years, the environment in and around the FMPC has been closely monitored by

DOE (1977, 1985, 1987), Oak Ridge Associated Universities (ORAU 1985), various FMPC-related
committees (WMCO 1986, 1987; Fleming and Ross 1984), and various contracted agencies

(IT 1986; Weston 1986a; Battelle 1981). The DOE and ORAU documents include environmental
impact assessments, RI/FS studies, and environmental surveys. Internal reports of studies by
WMCO and NLO include the annual Environmental Monitoring Reports and the Aquifer
Contamination Control Reports (various authors 1965 to present). These documents are available
through WMCO. The contracted studies represent more comprehensive environmental sampling and
analysis programs. The material contained in these reports document the analytical results from a
large number of groundwater, surface water, sediments, soils, and air samples. The analytical
constituents included radionuclides, organic compounds, metals, and general water quality
parameters. A sampling and analysis program to comply with RCRA provisions is also ongoing at
the FMPC.

1.2.2.6 Vegetation and Wildlife Studies
Vegetation and wildlife in the FMPC area have been studied and characterized by WMCO, NLO,

and OEPA. WMCO performed two studies of the fish that are indigenous to Paddys Run and the
Great Miami River in the vicinity of the FMPC (WMCO 1986, 1987). The OEPA study (1982)
was a more comprehensive study of the aquatic environment in the Great Miami River. A recent
study by Facemire et al. (1990), under contract to WMCO, described the general terrestrial and
aquatic environments of the FMPC and surrounding areas. The data base compiled in this study is
the most complete characterization of the environmental resources available. More information on
vegetation and wildlife studies is presented in Section 3.0.

1.3 OPERABLE UNIT 4

This section provides detailed background information on Operable Unit 4. It includes a description
and history of the unit and a discussion of previous investigations pertaining to the unit and
associated silos.

1.3.1 Description and History
The waste storage silos are large concrete storage structures that were built in 1951 and 1952 at the

FMPC. The waste storage silos are located south of the Waste Pit Area on the west side of the
FMPC property (Figure 1-6). The silos are 80 feet in diameter, constructed with floors of 4-inch-
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thick concrete over an 8-inch layer of gravel containing an underdrain system of 2-inch-diameter
slotted pipe that drains to a collection tank. Below the gravel is a 2-inch-thick layer of asphaltic
concrete underlain by approximately 18 inches of compacted clay. The walls are approximately 26
~ feet high and are constructed of 8-inch-thick concrete with a 0.75-inch-thick gunite coating on the
exterior. The domed roofs taper from eight inches thick at the silo walls to four inches thick at the
apex. Figure 1-7 presents a cross-sectional view of the silos’ construction and a plan view of the
K-65 silo leachate collection system. More details of the current state and recent studies on the
silos are presented in Section 1.3.2.

The following discussion of the refining process and handling of the K-65 residues is excerpted
primarily from the following documents:
e Uranium Processing Technology (Harrington and Ruehle 1959)

o K-65 Operations Manual, prepared by Catalytic Construction Company, Inc. (no date)
e A Closer Look at Uranium Metal Production, A Technical Overview (FMPC 1988)

These documents will not be specifically referenced in all instances in the text.

The silos were constructed to provide storage for the residues resulting from processing pitchblende
ore and concentrates to extract their uranium content. The term "K-65" refers specifically to
various radium-bearing raffinate wastes generated during the extraction step of the processing of
pitchblende and other radium-bearing ores. A schematic flow diagram of the refinery process is
presented in Figure 1-8. The FMPC used the TBP-kerosene extraction system.

Feed material to the Refinery consisted of either naturally occurring ore such as pitchblende or a
concentrate made by a preliminary milling process. The feed material specifications and typical
compositions are presented in Table 1-2 (Harrington and Ruehle 1959). The process was also
designed to handle scrap metals generated on site or received from other sources (FMPC 1988).

When the plant was designed, a substantial amount of radium-bearing pitchblende was anticipated as
feed material. Hence, equipment for handling both "hot" and "cold” feeds was provided. The
radium-bearing feeds did not require different chemical treatment, but the radioactivity hazard
required that equipment for handling these materials be shielded. Because the purchase contracts
specified that the vendor retained title to the radium-bearing raffinate, special equipment was
required to handle and store the hot raffinate separately (Harrington and Ruehle 1959).

As shown in Figure 1-9, cold raffinate from the primary extraction columns, after being washed
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with kerosene to remove residual solvent, was sent to a forced circulation evaporator where the
volume was reduced approximately 10 to 1. The vapor stream, containing approximately 23 weight
percent nitric acid, was sent to the nitric acid recovery system. The thickened slurry from the
evaporator was then fed to a pair of twin-shell, steam-heated drum dryers. Most of the water and
all the free nitric acid were removed, giving a product containing about 10 percent moisture. This
material was fed to a gas-fired rotary kiln where the nitrates were completely decomposed, yielding
a solid product containing oxides of the metal impurities originally present in the ore concentrate.
The gases were sent to the nitric acid absorber for recovery and concentration. The dried metal
oxides were then air-conveyed to Metal Oxide Silo 3.

Hot raffinate was handled in a slightly different manner, as shown in Figure 1-10. After being
washed with kerosene to remove residual solvent, the hot raffinate stream was filtered on a precoat
rotary vacuum filter to remove the suspended solids. Most of the radioactivity was caused by
radium and its daughters, which form insoluble silicates and sulfates. Thus, the bulk of the
radioactivity was removed in the filter cake. The cake was reslurried, neutralized with lime, and
pumped to the K-65 storage silos where it settled. After settling, the supemataxit water was
decanted and returned to the reslurry operation. The filtrate from the rotary filter was concentrated
in a forced-circulation evaporator similar to that used in the processing of cold raffinates. Volume
was reduced 10 to 1. Vapors were sent to the nitric acid recovery system.

Thickened slurry from the evaporator then went to a spray calciner for complete denitration and
drying. The calciner feed was atomized by steam in a two-fluid nozzle, and heat was introduced
by circulating product gases through a set of gas-fired fin-tube heaters. The dried metal oxide
product was removed from the gases by a set of cyclones discharging into a storage hopper. The
gases were sent to the nitric acid recovery system. Solids from the storage hopper passed through
a cooling screw conveyor and dropped into a surge hopper. Periodically, the collected solids were
transferred by air pressure to Metal Oxide Silo 3.

The primary function of the K-65 area was to process and store radioactive solids that had been
recovered from the nitric acid digestion of pitchblende. This solid material, K-65, consists
primarily of siliceous matter but may also contain metallic compounds such as molybdenum,
vanadium, lead, and others. The K-65 area was equipped to handle raw materials from either the
Ore Refinery at FMPC or from outside sources.
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K-65 material was received in this area either as wet solids or as a slurry. The wet solids
comprised material that had been produced at another activity and had been temporarily stored in
55-gallon drums. The slurry was produced in the FMPC Ore Refinery and was regularly trans-
ferred to the K-65 area. As a result of the work performed in the area, the K-65 was permanently
stored as wet solids in two concrete storage tanks (silos). All material to be stored was pumped
into the silos as a slurry. The K-65 settled out and formed a bed of wet solids while the slurrying
liquor was periodically decanted from the silos. This liquor was physically processed and was
retained in storage for further use as a slurrying agent.

The storage and handling processes are discussed below under three categories:

« The methods by which the incoming wet solids are removed from the drums, slurried,
~and transferred to the K-65 silos.

e The processing involved in handling the slurry received from the Ore Refinery

« The recovery and processing of the slurrying liquor

A schematic process flow diagram of the area is presented in Figure 1-11. As shown on this
diagram, the area consists essentially of two concrete storage tanks (K-65 silos), general solids and
slurry handling equipment that were housed in a processing building, and a piping system for the
transfer of slurry to the storage tanks from the processing building and from the Ore Refinery.
(Thé processing building and all its associated equipment were completely dismantled and are no
longer present at the site.) ‘

Wet Solids Processing

The wet solids were delivered to the area in 55-gallon drums, each containing approximately 500
pounds of material. When produced, the material had a bulk density of approximately 90 pounds
per cubic foot and contained approximately 40 weight percent moisture. Chemically, the material
should have been alkaline or neutral.

One drum of the material was handled at a time. Each drum was placed on a slat conveyor by a
shielded drum handling truck. The conveyor moved it inside the building where it was placed on a
skip hoist and raised to a point above the slurry tank. Here it was inverted and the contents of the
drum were dumped into the tank by vibration and also by a high-velocity water jet. The water jet
also served to wash the drum, which was eventually retumed to the conveyor and removed from
the building. Approximately 75 gallons of slurrying liquor, which was fresh water during initial
operations, was consumed in removing the solids from one drum. The resulting slurry, which had
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a consistency of approximately four pounds of wet solids per gallon of slurry, was continuously
agitated in the slurry tank.

When approximately 2000 gallons of slurry had been produced, the contents of the slurry tank were
pumped to storage in Silo 1 (Tank F34-6). This slurry pumping was followed by a 1650-gallon
clear liquor wash which was passed through the slurry tank, slurry pump, transfer line, and into the
storage silo. Approximately 400 gallons of the liquor was allowed to remain in the slurry tank to
aid in preparing the next batch of slurry.

FMPC Slurry Handling
The neutralized slurry produced in the hot raffinate area constituted feed that was pumped to the K-

65 area for storage in Silo 2. The slurry had a consistency of approximately four pounds of wet
solids per gallon of slurry; it was alkaline and may have contained traces of free caustic. The
slurry liquor consisted of an aqueous solution of metallic nitrate.

The frequency and quantity of slurry to be transferred to the K-65 area varied with the quantity of
pitchblende fed to the Ore Refinery. The average daily load was approximately 4000 gallons of
slurry but may have gone as high as 10,000 gallons. The pumping rate was approximately 110
gallons per minute (gpm) in the three-inch schedule 80 transfer line. This flow rate was considered
a safe minimum for maintaining turbulent flow and preventing the setting of solids in the transfer
line. Slurry pumping was carried out once daily. Slurry pumping was followed by a clear liquor
wash amounting to 1200 to 1500 gallons of the recovered nitrate solution.

The processing of this slurry and wash solution as received in the K-65 area was relatively simple.
The material was received in the storage tank together with a certain amount of wash liquor. The
wash liquor remaining in the pipe line was drained to the decant sump (F34-4).

Slurry Liquor Recovery
The slurries that were pumped into the storage silos eventually settled into two layers. The slurry

liquor, either water or a metal nitrate solution, formed the top layer over a bed of wet K-65 solids.
Periodically, this layer of clear liquid was decanted from the tanks and allowed to flow by gravity
to the decant sump tank (F34-4).

This liquid was periodically removed from the sump tank, passed through a pressure filter, and
temporarily stored in the filtrate storage tank (F34-2). From here, the material was either used for
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slurry preparation in the K-65 area or was returnied to the hot raffinate area of the Ore Refinery
where it was used as a neutralizing liquid. The purpose of the filtration step was to remove any
sediment that could have been carried from the storage silos during decantation. All solid material
delivered to the K-65 area had to be retained there for accountability purposes.

The decantation operation proceeded automatically as the liquid level built up in the storage silos.
These silos possess a series of drawoff ports where the decantation took place. These ports are
arranged in two vertical lines that are located on diametrically opposite sides of the silos. There
are 25 ports on each line making a total of SO per silo. The bottom port on each silo is 1 foot
from the silo bottom. Initial decantation began when the liquid level reached the 1-foot elevation.
The remaining 49 ports are located at 6-inch intervals.

The great majority of the pitchblende ore processed at the FMPC came from one mine, the
Shinkolobwe Mine, in the Belgian Congo. This mine began operation in 1921 for the purpose of
obtaining radium. With the increased importance of uranium during the 1940s, the mine was
reopened in 1943 for its uranium content. As the radium was still of considerable value at the
time, an agreement was reached between the AEC and African Metals Corporation based on the ore
being processed for removal of uranium, with the provision that the residue from this processing
would be retumed to its owner, African Metals Corporation.

The residues which are stored in the K-65 silos were initially generated at the Mallinckrodt
Chemical Works (MCW) in St. Louis, Missouri. The process that was used for extraction of
uranium at MCW was the dual-cycle ether process. This process was different from the TBP-
kerosene extraction system utilized at the FMPC.

Initially, the residues from the MCW operation were sent back to African Metals Corporation.
However, beginning in April 1949, the residues were Do longer retumed to African Metals
Corporation following processing, but were stored at MCW for future shipment. Due to continued
production, storage began to be a problem. As a result, shipments of the drummed K-65 residues
were sent from MCW to Lake Ontario Ordnance Works (LOOW) near Niagara Falls, New York.
Also, the two K-65 silos were planned as part of the uranium processing plant scheduled to be
constructed at Femald, Ohio. Some of the drums that were sent to LOOW were emptied into a
concrete water tower at that site. A smaller number (approximately 6000) was shipped to Femald
by rail. In addition, the continuing production at MCW resulted in approximately 25,000 drums
being sent directly from St. Louis to the FMPC. These shipments began in 1951.
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At the FMPC, the drums were sent to a drum handling building that had been specifically built
near the silos to transfer the contents of the drums of off-site origin into the silos. The material
was slurried into the silo, where the solids would settle. The free liquid was decanted, and the
clarified liquid was sent to the Refinery sump. As the depth of solids reached the level of a given
valve, the valve was sealed and the next higher valve was used to decant liquids. Settling and
decanting were continued in this way until the silos were filled to approximately four feet below
the top of the vertical wall. This process left a sludge with an estimated density of 100 pounds per
cubic foot. The decanted liquid was recycled. The volume of material from LOOW and from St.
Louis filled Silo 1. '

The processing of the pitchblende ore through the FMPC Refinery ran concurrently with the latter
stages of processing the off-site drums through the drum handling building. It is understood,
therefore, that although Silo 1 was filled completely from off-site drums, Silo 2 material is a
mixture of off-site K-65 material and FMPC-generated K-65 material. The residue slurry from the
Refinery was conveyed to Silo 2 through the underground transfer line that lay in a concrete trench
and was allowed to settle in the same manner as the off-site residue. During 1957 and 1958, the
residue from processing Australian pitchblende was added to Silo 2. The total amount of
Australian pitchblende résidue was estimated to be almost 400,000 pounds. The rest of the material
subsequently added to Silo 2 was residue generated by the FMPC from the remaining Belgian
Congo ores.

After Silo 2 was decanted, some drummed material was added. Most of this material was soil that
was contaminated with K-65 material leaking from the drums. This contamination occurred because
the drum storage area was adjacent to the drum handling building. Containment and cleanup
measures were taken as previously stated in Section 1.2.1. Other materials reportedly added to the
silo contents were drum cleanout residues, cleanup materials from Q-11 (unprocessed uranium ore)
storage and process areas, residues from decontamination of lab equipment, and Q-11 and K-65
samples.

Silo 3 was constructed in mid-1952 and was designed to receive dry materials only. Slurries from
Refinery operations were dewatered in an evaporator and spray calcined to produce a dry waste
form for removal to Silo 3. The waste was blown under pressure into Silo 3. (Silo 4 was also
constructed in mid-1952; however, as stated earlier, this silo was never used.)

FER/OU4RI/SA.132-5/10-29-90 1-35




FMPC-0406-5
October 29, 1990

Large areas of spalling occurred in the exterior surface gunite coating of the silos; particularly on
Silo 2, leaving post-tensioning wires corroded and exposed to the weather. The exterior surfaces of
the silos exhibited sufficient deterioration by 1963 to require repairs in 1964. All loose material
was chipped away and the surface was patched with a 0.75-inch-thick coat of cement mortar. After
the gunite was repaired and a waterproofing membrane was applied, an earthen embankment was
built to the top of the walls of Silos 1 and 2 to provide relief from tensile stress that had
developed within the walls. This embankment also provides weather protection, a reduction of
radon emissions, and increased shielding from penetrating radiation. The embankments were
originally constructed on a slope of 1.5:1; however, the slope was subsequently modified to 3:1in
1983 to reduce soil erosion (Grumski 1987a; Boback et al. 1987). Vents in the silos were sealed
in 1979 (Camargo 1986).

In January 1986 the FMPC had a temporary dome cover, which was 30 feet (9.1 meters) in diame-
ter, installed to span across the deteriorated portion of the concrete domes of Silos 1 and 2. The
cover is self-supporting and sits on a rolled plate-steel skirt. The cover is composed of structural
steel members which support 0.75-inch (1.9 centimeters) plywood sheeting. The plywood sheeting
is covered with a weatherproofing membrane. The dome cover increases the stresses in the existing
concrete, but all stresses are outside the deteriorated area and within acceptable limits. The dome
cover was installed so that containment of the silos’ contents will be maintained in the event of a
center silo dome collapse (Shanks and Vogel 1988).

In 1987, an Interim Stabilization Project (ISP) was implemented at the K-65 silos to comply with
the CERCLA section of the FFCA (Grumski 1987a). Compliance required that DOE take
immediate measures to control radioactive emissions from the FMPC. Work performed as part of
the ISP included:

+ Implementation and periodic operation of a radon gas treatment system (RGTS)

e Application of a layer of rigid polyurethane foam insulation to the exterior of the

dome surfaces of Silos 1 and 2. The foam thickness was 3 inches at the outer dome
surface and 1.5 inches at the dome cap

The RGTS consists of a calcium sulfate bed to remove moisture, followed by charcoal beds to
absorb the radon. It is a closed system in which the treated air is recirculated back to the silos.
The RGTS is designed to be operated on an interim basis, such as when the dome is opened; it is
not designed for continuous operation. The foam coating was applied to the domes to further
reduce weathering, temperature changes inside the silos, and radon gas emissions.
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1.3.2 Previous Operable Unit 4 Investigations

As part of the comprehensive waste management and environmental program for the FMPC, several
investigations have been conducted at the site. The results of these previous investigations that are
relevant to Operable Unit 4 are briefly summarized below. A chronological summary of significant
sampling and data gathering activities relevant to Operable Unit 4 that have been conducted since
1983 is presented in Figure 1-12. Planned sampling activities that will support the Operable Unit 4
RI evaluation are also shown in Figure 1-12.

Waste Material in Silos

Several previous studies have been conducted that provided data on the waste material contained in
the K-65 and metal oxide silos. The earliest recorded study providing data on the K-65 residue
was conducted by Vitro Corporation between March 1950 and November 1951 (Vitro 1952).

The objective of the Vitro study was to evaluate the ability to recover radium from the K-65
residues. The K-65 residues were analyzed for percent moisture, metal salts, and metal oxides.
The data from the Vitro study are summarized in Section 4.1 of this report.

A study entitled "Treatment of Pitchblende Residues for Recovery of Metal Values” was conducted
by Hazen Research, Inc. The report on this study was authored in 1974 by J. E. Litz (Dettorre et
al. 1981). The Hazen Report concluded that, "the FMPC K-65 residues are composed of two
fractions: (1) a “slimes” fraction (<400 mesh) containing solubilized recrystallized fractions
including radium-contaminated barium sulfate; and (2) a “sand” fraction (>400 mesh) containing
undissolved ore particles and primarily less soluble silicate secondary minerals. According to Liz
(1974), only about 5.6 percent of the radium content of the residue is found in the 26.9 percent
sand fraction [24 parts per billion (ppb) in 65 x 100 mesh, 105 ppb in >65 mesh]. The average
residue radium concentration was reported by Litz (1974) to be approximately 300 ppb (Dettorre
1981)."

A study to evaluate short-term and long-term storage costs for K-65 residues was conducted by
NLO (1980). This report references analyses of the K-65 residues that were conducted in 1970.
Data from these analyses are consistent with other studies and are summarized in Section 4.1.

WMCO collected and analyzed K-65 silo residue probe samples in the summer of 1988 (Gill 1988).
This study collected samples from both Silos 1 and 2. Analyses were performed on isotopes of
uranium, thorium, and radium. Radioisotopes were identified and categorized as alpha or gamma
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radiation emitters. Sample analysis by X-ray fluorescence spectrometry assisted in characterizing
the elemental composition of the K-65 residues. The physical and radiological data from the
WMCO study are consistent with other data and are summarized in Section 4.1 of this report.

Metal Oxide Silo 3 contains approximately 5100 cubic yards (yd®) of calcined residues, which are
awaiting final disposal (DOE 1989). Approximately 39,600 pounds (18,000 kilograms) of uranium
and approximately 15 to 23 curies of radium were estimated to be present in the contents of Silo 3.
Other metals were also known to be present in the stored materials. Isotopic thorium
concentrations were unknown until analytical data became available in March 1990 for samples
collected by WMCO from Silo 3 in July 1989. Metal Oxide Silo 4 remains empty with the
exception of some infiltrated rain water. Analysis data on the wastes contained in Silo 4 are
presented in Section 4.1.

A sampling program undertaken in 1989 by WMCO was designed to collect representative core
samples of the K-65 residues. Only partial cores were recovered and these could not be related to
the depth in the silos from which they were collected. Physical, radiological, and chemical analyses
were performed on the partial cores to provide additional characterization data on the contents of
the K-65 silos. The contents of Silo 3 were successfully sampled and characterized. Sample
analysis data for the contents of Silos 1, 2 and 3 are presented in Section 4.1.

Advanced Sciences, Inc./IT Corporation (ASI/IT) initiated a sampling program in March 1990 with
the objective of collecting representative core samples from the K-65 silos (Silos 1 and 2). These
cores will be analyzed for physical, chemical, and radiological parameters. These data are needed
to support the FS for Operable Unit 4 (ASI/IT 1990a). This program is scheduled for completion
in the fall of 1990.

Physical Structure of the Silos
In 1985, a nondestructive testing program and structural analysis on the silos were performed by

Camargo Associates, Ltd. (Camargo). The investigation consisted of three phases. Phase I
involved computer analysis of the original silo design based on the original drawings. Phase Il
consisted of field work that was divided into three areas: soil exploration study; a survey using the
Echo Pulse system to test the silo domes, walls, and base slabs; and the ground penetrating radar
study of the earthen embankment around the silos. Phase Il consisted of a computer analysis
based on the field data collected in Phase II. The pertinent conclusions of the Camargo
investigation are summarized as follows:
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e The base slab and walls at the time of investigation were structurally stable under the
existing static loads being applied to them and should continue to remain stable for
approximately 5 to 10 years.

e The center 20-foot-diameter portion of the dome top is structurally unsound for a load
greater than the existing static dead load, and no life expectancy was assigned to it. -

More information is contained in a report prepared by Camargo (1986).

Several corrective measures were taken by DOE as a result of the Camargo analysis. In January
1986, protective covers for the center portion of the domes of Silos 1 and 2 were constructed and

put in place. In April 1986, a weatherproof protective membrane was installed over the top of Silo 2.
In November and December of 1987, a 3-inch foam- covering was placed over both Silos 1 and 2.

During the period March 13 through May 15, 1987, WMCO started monitoring the temperature and
pressure changes of the K-65 silos (Grumski 1987b). The objectives of the study were to:

.+ Find out if there was any pressure buildup in the silos that could lead to their failure.
e  Study the breathing pattern of the silos.

The ambient temperature varied a maximum of approximately 42°F during the 12-hour monitoring
period. Correspondingly, the internal gas temperature measurements for both K-65 silos showed an
approximate 35°F temperature variation over the same 12-hour monitoring period.

Silo 1 showed negligibie pressure variations as the intemal gas tempefamre varied due to ambient
temperature fluctuations. Silo 2 was able to maintain a positive differential pressure of
approximately 7.6 pounds per square foot and a negative 4.9 pounds per square foot during the
monitoring period.

The pressure data indicated that both of the K-65 silos exchange gas freely with the surrounding
atmosphere, otherwise much higher pressure differentials would have been recorded. The study
concluded that neither of the K-65 silos are capable of sustaining a great enough pressure
differential with the ambient surroundings to result in silo or dome failure. (Installation of the
foam during the ISP has reduced temperature fluctuation to about 5°F.)

As a result of findings from a July and August 1989 DOE investigative team inspection, Bechtel
National, Inc. (BNI) was contracted to perform additional testing and analysis of the silos.
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The objectives of the testing and analysis conducted by BNI were to:

*  Determine the structural integrity of the K-65 silos and perform an independent
verification of the previous structural analyses performed by Camargo.

e Verify the in situ compressive strength of the tank concrete.

* Provide a qualitative assessment of risk of structural failure of the tanks.

The BNI study generally supported the Camargo study results (BNI 1990).

The University of Cincinnati prepared a report that evaluates the probable risk to human health and
the environment associated with a catastrophic failure of the silos. Revision 1 of this report was
published in May 1990 (University of Cincinnati 1990). This report stated that the current chronic
release of radon from the domes would give workers located 100 meters (328 feet) away from the
source a dose of approximately 2.57 rem/year. The nearest residents located S00 meters (1640 feet)
away from the source would receive approximately 0.21 rem/year. An individual in the nearest
population center would receive approximately 1.2 x 10? rem/year.

The study also estimated that under tomado conditions, residues found at depths up to 1 meter
(3.28 feet) in the silos would be picked up and distributed. If this occurred, workers located 100
meters (328 feet) away from the source would receive 31 rem. Residents located approximately
500 meters (1640 feet) away from the source could receive approximately 1.5 rem. An individual
in the nearest population center 14,500 meters (9 miles) from the source would receive 1.3 x 10?
rem.

BNI's subsequent Engineering Evaluation/Cost Analysis (EE/CA) explored options for the K-65
Removal Action (BNI 1990b). Conducted in accordance with the National Qil and Hazardous
Substances Pollution Contingency Plan (NCP) (40CFR300.415), this study found that a tornado-
induced structural failure of both silos could result in an initial uncontrolled release of
approximately 66 Ci of radon-222 (Rn-222) and some K-65 residues. Furthermore, a spontaneous
failure of either silo would result in release of 33 Ci of radon. In both cases, radon release would
increase following the initial release until corrective action could be implemented by FMPC
personnel. Hence, due to the substantial risk associated with the silos, remedial action should not
be undertaken at the silos without providing additional structural support for the silos.

WMCO has been conducting monthly sampling of the K-65 decant sump since August 1989 (Vogel
-1990). The underground decant sump tank is currently the only means of monitoring for =
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underground leaks in the silos. However, because the sump was a receiving tank for decant liquor
from the silo residues, the sump and its related piping were contaminated as a result of K-65
processing operations. Any long-term, low-level leakage from the K-65 silos that may be occurring
is practically impossible to detect because the sump remains contaminated.

Soil Berms

No previous investigations have been conducted to evaluate the potential accumulation of Pb-210
and Po-210 in the soils. A berm sampling program is planned as part of the RI but it has not yet
been conducted.

Glacial Overburden Beneath the Silos

On November 6, 1953, a liquid was noticed oozing from the ground adjacent to K-65 Silo 1 (NLO
1953). Further investigation indicated that the leak originated at the silo and not the decant line.
Soil tests confirmed that some contamination had occurred. It was not clear from the
communications related to this incident whether the source of the leak was ever positively identified
or how the problem was ultimately corrected. Reference was made, however, to one or more
events msulﬁng in an overflow of the decant liquor tank (Karl 1953). A set of slant boring
samples were collected by NLO in 1983 that confirmed the presence of uranium [1.2 to 14.5 parts
per million (ppm) total uranium] and radium [0.53 to 1.8 micrograms/gram (jLg/g)] in soils beneath
the silos (Vogel 1989a).

A slant boring program, which has been planned as part of the RI, will be conducted by ASIIT in
the fall of 1990. More information on this sampling program is contained in Section 2.2. Results
from the slant boring program will characterize the nature and extent of contamination in the glacial
overburden (ASI/IT 1990b).

Data from the slant boring program and from the ongoing quarterly groundwater monitoring
program will be utilized in a vadose zone model. The vadose zbne model has been developed by
ASVIT to simulate contaminant migration and transport in the vadose zone. Results of the vadose
modeling are presented in Attachment E.IIl, Appendix E of this report.

Operable Unit 4 Study Area
Several previous investigations directed at the entire FMPC facility have acquired data that are

relevant to the evaluation of Operable Unit 4. From September 20, 1984 to February 5, 1985,
Monsanto-Mound conducted special radon monitoring around the silos. This program assessed the
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extent to which radon concentrations in the surrounding area were due to the radium-bearing
residues stored in the silos. Average radon concentrations ranged from 0.24 pCi/L to 5.1 pCi/L.
Maximum observed concentrations are observed at monitoring locations around the tanks within
120 feet of the silos although minimum concentrations were observed along the eastern site
perimeter at 4800 feet from the silos. The study concluded that radon monitoring should be
continued and that a sealant should be applied to the surface of the tanks to inhibit the transport of
radon (Monsanto 1985).

A radiological characterization of the surface soils in the Waste Storage Area, which includes
Operable Unit 4, was conducted by Roy F. Weston, Inc. in 1986 and 1987 (Weston 1987). A
systematic survey of the surface soils throughout the Waste Storage Area, associated on-site
drainages, and the fly ash piles was conducted over a 10-month period. Approximately 24,400
locations were surveyed throughout the Waste Storage Area to locate areas where uranium
concentrations exceeded 35 picocuries/gram (pCi/g). Soil samples at depths down to 18 inches
were taken and sent to the on-property gamma spectroscopy laboratory where estimations of con-
centrations were made for uranium-238 (U-238), Ra-226, thorium-232 (Th-232), cesium-137 (Cs-
137), and ruthenium-106 (Ru-106). Data collected during this study which are relevant to Operable
Unit 4 are summarized and discussed in Section 4.4 of this report.

WMCO conducts an environmental monitoring program at the FMPC as part of its ongoing effort
to protect the health and safety of nearby residents. The program entails a broad range of activities
related to environmental monitoring and sampling, waste management, and overall site remediation.

The primary objectives of the environmental monitoring program are:

» To ensure that the FMPC can detect any release of materials as quickly as possible so
that corrective actions can be implemented immediately

« To estimate the radiation dose that area residents may be exposed to as a result of
any release of materials

e To measure progress of correcting problems from past operations and in implementing
improved environmental management practices

The FMPC waste management activities are directed at disposal, elimination, and safe storage of
both liquid and solid wastes in compliance with all applicable regulations. The results of the
environmental monitoring program are reported annually in an Environmental Monitoring Report

(EMR).
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Data from reports that were relevant to the Operable Unit 4 evaluations were utilized to supplement
data from the RI. Site environmental monitoring data contained in the EMR were also used, when
possible, to supplement data from the 1986 Weston study and the RI.

Regional Environment ‘
All of the previous studies considered relevant to the Operable Unit 4 study area evaluation were

also considered relevant to the evaluation of the regional environment. Several additional studies
that are important to the regional evaluation are discussed below. These data are presented in
Section 4.0.

The ODH performed independent indoor and outdoor radon concentration measurements in the
vicinity of the FMPC (ODH 1988). The ODH established 16 outdoor radon monitoring stations
around the FMPC, including 12 locations along the FMPC site boundary (samples) and 4 locations
distant from the FMPC (controls). Analyses of the detectors located at the site boundary closest to
the K-65 silos and at background locations do not reveal consistent significant differences in
measured radon concentrations (ODH 1988). The ODH study also concluded that environmental
measurements of radon and radon progeny concentrations at the FMPC boundary are low and often
cannot be distinguished from variations in nawral background concentrations (ODH 1988).

In response to DOE direction and in accordance with the Notice of Intent published on May 15,
1990, ASUIT is preparing a site-wide Environmental Impact Statement (EIS) that will evaluate
alternative strategies for remediation of the entire site. Data from the EIS specific to Operable Unit
4 will then be considered during the development and evaluation of altemnatives for Operable Unit 4
and will be integrated, as appropriate, into the Operable Unit 4 RI/FS documents.

A computerized finite-difference groundwater flow model has been developed by ASVIT to simulate
groundwater flow and solute transport in the vicinity of the FMPC. Both a regional model and a
local model are being developed. Predictions generated by the model will be helpful in estimating
the migration potential for any groundwater contaminants associated with Operable Unit 4.
Preliminary model predictions are presented and discussed in Appendix E, the Baseline Risk
Assessment.

FER/OU4RI/SA.132-5/10-29-90 1-44
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1.4 REPORT ORGANIZATION

This RI repont is formatted in accordance with the latest EPA guidance (EPA 1988). Section 1.0
has discussed the purpose of the RI report, has presented information on the site background, and
has discussed previous investigations. The objectives of Section 1.0 are to focus the evaluation on
Operable Unii 4 while providing the regional perspective necessary to evaluate fully any
environmental impacts associated with the operable unit.

The investigation procedures employed for the RI are summarized and presented in Section 2.0.
The specific data objectives for each procedure as it relates to Operable Unit 4 are also presented
in Section 2.0.

Section 3.0 describes the physical characteristics of the study area. Most of the data relevant to the
physical characteristics of the study area are presented from a site-wide perspective because specific
data pertaining to the Operable Unit 4 study area are not available.

Section 4.0 presents the results of the RI and discusses the nature and extent of contamination
associated with Operable Unit 4. Relevant data from previous studies are also included in Section
4.0.

An evaluation of possible fate and transport scenarios for contaminants originating from Operable
Unit 4 is presented in Section 5.0. Physical and chemical characteristics of the contaminants are
considered during this evaluation.

The baseline risk assessment for Operable Unit 4 has been prepared as a separate stand-alone
document to accompany the RI report as an appendix. Section 6.0 presents a summary of the
significant findings drawn from the risk assessment.

Section 7.0 presents a summary of the results and conclusions drawn from evaluation of the RI data
relevant to Operable Unit 4. This section also discusses the remedial objectives that are being
addressed under the Operable Unit 4 FS.

The appendices to this report contain summary tables of the RI data relevant to Operable Unit 4.
These appendices are comprehensive with respect to the data obtained within the Operable Unit 4
study area during the RI.- Excerpted data from the Characterization Investigation Study (CIS) are
also summarized in the appendices. '
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2.0 OPERABLE UNIT 4 INVESTIGATIONS

The various investigations performed for Operable Unit 4 are part of the RI being conducted for the
FMPC site. This section describes the investigative activities that were conducted at Operable Unit
4 and the data collected during the investigation. Details of the RI procedures are contained in the
RI/FS Work Plan and Sampling Plan, as well as specific sampling plans for the characterization of

the silo material (IT 1988b).

2.1 WASTE CHARACTERIZATION (SILOS 1, 2, AND 3)

Previous studies have been conducted on the K-65 residues in Silos 1 and 2. In addition, samples
of the materials have been collected during residue transfer into the silos. These studies indicate
that the silo residues are not totally homogeneous materials. Because of the inconsistency in the
analytical results from the various studies, the data from previous sampling and analysis efforts did
not adequately characterize the K-65 residues. These data could not be used to evaluate release
potential and the technical feasibility of remedial actions. Similarly, previous analyses conducted on
the metal oxides in Silo 3 were not sufficiently documented to characterize adequately those
materials; therefore, an additional sampling effort was required as part of the RI. The sampling
effort described below was conducted by WMCO in the summer of 1989 to acquire the additional
data needed to support the FS.

The sampling of Silos 1 and 2 conducted by WMCO was only partially successful because of poor
core recovery. Even though an average of 20 feet of penetration of the material was achieved,
there was no sample recovered in three locations. The samples obtained from Silos 1 and 2 were
essentially a collection of grab samples instead. of continuous sample cores. To recover continuous
core samples for the characterization of the silo contents, a resampling effort is being conducted by
ASIIT.

The sampling of Silo 3 by WMCO was successful. Core samples of up to 11 feet were recovered
from 31 feet of material penetration. These cores and the data obtained from analysis of core
samples are considered adequate to characterize the contents of Silo 3 and to support the FS. No
additional sampling of Silo 3 contents is anticipated.

The resampling of Silos 1 and 2 will be done in three steps:
« Field testing of sampling equipment
o  Mock sampling of the silo sampling operation on the empty Silo 4
e Actual sampling of Silos 1 and 2

FER/OU4RI/SA.132-5/10-29-90 2-1
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2.1.1 Objectives
The main objectives for the silo sampling program are:

e  Confirm the maximum depth and estimate the volume of material contained in the
silos.

» Determine the physical characteristics of the silo contents, including engineering and
geotechnical properties.

e Characterize the radiological and chemical composition of the silo contents.

Analytical results from the sampling were completed in March 1990. These results have been
incorporated into Section 4.1 of this RI report.

2.1.2 Methodology
Sampling operations will be conducted as three distinct activities:

»  Equipment testing
e Mock sampling of Silo 4 (one sampling point)
»  Sampling of Silos 1 and 2 (four sampling points in each silo)

This step-by-step sampling approach was chosen because of the public health and worker safety
concems associated with the silo sampling program. Mock sampling will be conducted on Silo 4
to demonstrate and refine the specialized sampling techniques and to test equipment operation. This
sequence will aid in training the sampling personnel so that they will become more experienced,
precise, and efficient as they proceed to the higher risk sampling of Silos 1 and 2.

Details of the equipment to be used and the sampling and decontamination procedures are provided
in the "Implementation Plan for the K-65 and Metal Oxide Residue Sampling Project” (IT 1988b).
The layout of the K-65 and metal oxide silos sampling area, which shows the planned sampling
locations, is presented in Figure 2-1. This figure shows the sampling sequence to be employed by
ASUIT during their resampling effort. Silo 3 is not shown as part of the sequence because it has
been sampled by WMCO.

- 2.1.3 Analytical Parameters
The K-65 samples will be analyzed for physical, chemical, and radiological parameters. The

purpose of the sampling campaign is to characterize the materials for the evaluation of release
potential, risk, and remedial technologies (including disposal options). The required radiological
analyses are:

FER/OU4RI/SA.1 32-510-29-90 2-2
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Isotopic uranium

Isotopic thorium

Isotopic radium

Pb-210 (sample concentrations of Po-210 can also be determined from this analysis
because there has been sufficient time to allow the radionuclides to reach secular
equilibrium)

e« Gamma spectroscopy

Selected samples will be analyzed for the following chemical parameters:

Hazardous Substance List (HSL) inorganics

HSL volatiles

HSL semivolatiles

HSL pesticides and PCBs

Toxicity Characteristic Leaching Procedure (TCLP) metals

The following physical properties will be determined for the silo residues using the specified
American Society for Testing and Materials (ASTM) method:

Particle size distribution (ASTM D422-63)
Atterberg limits (ASTM D4318-84)
Moisture content (ASTM D2216-80)
Specific gravity (ASTM D854-83)

Physical properties of the K-65 residues will be determined to predict the expected behavior of the
wastes during treatment and disposal operations.

2.2 K-65 SILO EMBANKMENT AND SUBSOIL SAMPLING

Two slant borings were drilled under the K-65 silos by NLO in 1983. Locations for these borings
were selected based on areas where leaks were suspected to have occurred during silo filling in the
1950s. As discussed in Section 1.0, the K-65 silo leakage history is documented in a memorandum
from R.C. Heatherton, NLO, to Central Files, NLO, dated November 25, 1953 ("K-65 Storage Tank
No. 1"). Analyses for the samples from the slant borings were limited to general radioactivity

scans and uranium analysis. The results of this sampling program are documented in Section 4.0.
These data were not adequate to define the nature and extent of potential contaminants under the
silos.

Based on this historical information, a sampling plan for testing the K-65 silo embankment and
denoted subsoils (below-silo soils) has been prepared. Two other reasons for this sampling effort

are discussed below.

FER/OU4RI/SA.132-5/10-29-90 24
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e A baseline risk assessment performed by IT indicated the potential presence of
Pb-210, Po-210, and stable lead in the soils surrounding the K-65 silos. These are
daughter products of radon generated from the radon that escaped through the silo
walls and decayed within the porous matrix of the embankment soils.

o The existence of a buried underground decant tank, historically known as the upper
sump, and the associated piping system adjacent to and underneath the silos is a
potential source for leakage to the surrounding soils. This system was used to trans-
port K-65 waste slurry and decanted silo liquids between the silos and the refinery.

The K-65 silos embankment and subsoils will be sampled utilizing a two-phase approach described
in Section 2.2.2. The samples will be analyzed for radiological, chemical, and geotechnical
parameters. The program will be conducted in accordance with "RI/FS Work Plan Addendum: K-
65 Silo Embankment and Subsoils Sampling and Analysis Plan with Site Specific Health and Safety
Plan" prepared by ASI/IT in June 1990.

22.1 Obijectives

The objective of the K-65 silo embankment and subsoil sampling program is to provide the data
necessary to determine and verify the source and extent of contamination in the soils directly below
and -surrounding the K-65 silos. These data will be used to support a mathematical model to
estimate the potential for contaminant migration in the subsoils and to support the evaluation of
altemnatives in the FS. These data will also be used to establish a source term for the model of the
Great Miami Aquifer if it is determined that any contamination below the silos will ultimately
impact the groundwater.

2.2.2 Methodology
Sampling of the embankment and subsoils will be conducted in two phases. Phase I is briefly

described below. Phase II will consist of additional data gathering, as necessary, and will be
developed after the Phase I data have been evaluated.

Per the Sampling and Analysis Plan, the Phase I sampling pattem (Figure 2-2) will consist of the
following elements:
« Five low-angle borings using 30-inch-long tenite sleeves. The specified analyses will

be performed on samples collected at 20-foot intervals. A minimum total of 28
samples will be collected in this fashion.
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»  Four vertical borings will be placed approximately five feet from the exterior silo
walls. The vibracore technique will be utilized to collect samples at depths of
approximately 10 and 20 feet. A total of eight samples will be collected.

e  One liquid and one sediment sample will be recovered from the underground decant
tank.

Sample analysis parameters are specified below. Depending on the results of the Phase I effort,
additional geotechnical, radiological, and chemical sampling data requirements may be identified to
complete the risk assessment and FS. Any associated investigations would be conducted under
Phase II.

2.2.3 Analytical Parameters
The required radiological analyses for all embankment and subsoil samples are listed below.

Isotopic uranium

Isotopic thorium

Isotopic radium

Pb-210 (sample concentrations of Po-210 can also be determined from this analysis
because there has been sufficient time to allow the radionuclides to reach secular
equilibrium)

e Gamma spectroscopy

Samples will also be analyzed for the following chemical parameters.

HSL inorganics

HSL volatiles

HSL semivolatiles

HSL pesticides and PCBs
TCLP metals

Sample preparation and analyses will be performed in accordance with the approved RI/FS Work
Plan, and Quality Assurance Project Plan (QAPP), dated March 1988.

The following physical properties of the embankment and subsoils will be measured to determine
the expected soils behavior under the various remedial altematives and to provide general
geotechnical descriptions:

Moisture content (ASTM D2216-80)
Atterberg limits (ASTM D4318-84)
Specific gravity (ASTM D854-83)
Particle size distribution (ASTM D422-63)
Soils classification (ASTM D2487-85)

FER/OU4RI/SA.132-5/10-29-90 2-7
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All sample collection, preparation, and analytical testing will be conducted as specified under the
appropriate ASTM standards and laboratory procedures using qualified geotechnical technician(s)
and properly calibrated equipment, which meet the intent of ASTM D3740-80.

2.3 RADIATION MEASUREMENTS

2.3.1 Objectives

Previous direct radiation measurement programs have been conducted at the FMPC using either the
Aerial Measuring System (AMS) to assess on- and off-site exposure rates or thermoluminescent
detectors to assess exposure rates at the site boundary. As part of the CIS (Weston 1987), a
walkover radiation survey of the Waste Storage Area was performed which included the K-65 silo
area. These data are included in Section 4.0.

The radiation measurement plan for the RI focused on the surface radiation fields within the FMPC
and had the following objectives:

e Collect sufficient data to quantify surface radiation fields.
* Develop exposure rate contours for selected areas of the FMPC site.

e Develop uranium concentration contour estimates for selected areas of the FMPC site
through the correlation of field survey data with measured uranium concentration in
soils.

* Locate anomalies in both exposure rate contours and uranium concentration contours
for further investigation.

e Indicate the locations for biased (as opposed to random) surface soil sampling.

Only limited surface radiation sampling was conducted within the bounds of the Operable Unit 4
study area. All sampling was conducted outside the security fence surrounding the K-65 silos.

2.3.2 Methodology
To ensure proper characterization of the radioactive contaminants in the soils of the FMPC,

walkover radiation surveys were performed to determine appropriate sampling locations. The
principal radionuclides of concemn across the FMPC were U-238 and uranium-234 (U-234); Ra-226
and radium-228 (Ra-228) were also important radionuclides of concem within the Operable Unit 4
study area. Measurement of natural background was included as part of the walkover survey.

FER/OU4RI/SA.132-5/10-29-90 2-8
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Because U-238 and U-234 decay through alpha emission and, therefore, could not be readily
measured with adequate sensitivity over such a large area, the gamma emission from the decay of
U-238 progeny [thorium-234 (Th-234) and protactinium-234m (Pa-234m)] was measured. These
progeny are in equilibrium with U-238. The higher energy gamma radiations from Ra-226 and Ra-
228 decay chains were also measured.

To provide a comprehensive and systematic method of survey that ensures appropriate coverage, the
area surrounding the K-65 silos was marked to establish a refined 100-foot grid for use in the
conduct of a walkover radiation survey. In those locations where radiation measurements were
above reference levels (see Section 2.3.3) the refined grid was extended another 300 feet. Each
100-foot grid was subdivided into sixteen 25-foot grids to enable adequate coverage. During the
survey, each grid (or subgrid) was walked in a serpentine manner, beginning along one side and
covering the subgrid in a rectilinear fashion until the entire subgrid was surveyed.

To assess the levels of radioactive contamination, radiation detection/measurement instruments were
chosen that could detect the type and energy of the radiations of concem. Three kinds of radiation
survey instruments were selected to span the energy range of interest and to optimize the detection
sensitivity in each energy range. The instruments selected were the Pressurized Ionization Chamber
(PIC); a portable, large-volume scintillation detector (Eberline Model SPA-3); and the Field
Instrument for Detection of Low Energy Radiation (FIDLER).

As mentioned above, the radiation energy ranges targeted for measurement included:

* Natural radiation

» Low-energy radiation (U-234 and U-238)
- Th-234
- Pa-234m

e High-energy radiation (Ra-226, Ra-228)

The FIDLER used was the BICRON Model GSS probe coupled with a Ludlum Model 2220 rate
meter. The FIDLER is well suited to detect low-energy photons, such as the 63 kiloelectron volt
(keV) gamma emitted from Th-234.

The Eberline Model SPA-3 is a portable, large volume scintillation detector. It was used

principally to detect the 1001 keV photons from Pa-234m; however, it will also detect radiation
emitted from other radionuclides.

FER/OU4RI/SA.132-5/10-29-90 29
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The PIC was a Reuter Stokes Model RSS-111. Unlike the other two survey instruments, the RSS-
111 is relatively large and is stationary during use. It directly measures the gamma radiation
exposure rate. The PIC measurements were made at selected locations to determine the magnitude
of the gamma ray field (exposure rate) and to calibrate the hand-held, large-volume scintillation

‘survey instruments. Locations for the PIC measurements were dispersed throughout the radiation

survey areas and were selected to span the full range of radiation levels encountered at the FMPC
site. The PIC measured and recorded the low-level exposure rates such as those from natural
background radiation.

The Eberline Model SPA-3 was used to scan both the 100-foot grid and the 25-foot subgrids using
the walkover techniques described above. These walkover surveys detected and measured the
gamma ray field.

The FIDLER was used to survey the 25-foot subgrids. During surveys of these subgrids, the
FIDLER was held approximately 2 inches from the ground surface. Regions within the individual
subgrids that exhibited elevated radioactivity were identified. Any suspected hot spot was marked
with a red flag and systematically surveyed with the FIDLER beginning at the flag and working
outward to determine the areal extent of the elevated reading.

These gamma measurements (Appendix A) were used to locate areas for biased surface soil
sampling and through statistical correlation with measured soil concentrations, provide a site-wide
view of the trends in uranium concentrations in surface soils. Radiation measurements and random
(unbiased) soil sampling were also performed throughout the site, including areas where soil
concentrations of U-238 were determined to be less than 10 pCi/g.

2.3.3 Analytical Parameters
An objective of the walkover surveys using the FIDLER was to determine a reference level for

biased soil sampling. The FIDLER was selected for this purpose because it best detects the 63 keV
gamma ray from Th-234. Therefore, it is the most sensitive portable radiation survey instrument
for detecting U-238 daughters. The estimated lower limit of detection (LLD) for U-238 in soil
using the FIDLER is approximately 35 pCi/g. This LLD value was used as the reference level for
selecting biased soil sampling locations. However, as indicated above, (Section 2.3.2, last
paragraph) this choice did not preclude collection of soil samples with concentrations less than 35

pCi/g.

FER/OU4RU/SA.132-5/10-29-90 2-10
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24 SURFACE SOILS

Surface soils at some locations at the FMPC facility have previously been investigated (Weston
1987). These past investigations were limited to the Waste Storage Area and other related waste
units (e.g., the fly ash piles) and were mainly concemed with the analysis of uranium. Investiga-
tions conducted under the RI were more extensive in area, methodology, and analyses. These more
extensive investigations were intended to determine the areal and vertical extent of on-site soil
contamination by radionuclides and hazardous substances and to confirm the contamination in
critical areas as reported in previous investigations. The RI/FS surface soil sampling program was
completed in 1988 with the collection of more than 1000 samples site-wide.

24.1 Objectives A
Specific objectives of the surface soil sampling program within the Operable Unit 4 study area were to:

«  Collect sufficient data to determine the extent of contamination by radioactive
substances on site. :

« Confirm areas of surface radiological contamination identified in the radiation
measurements survey and quantify the types and concentrations of radionuclides
found.

» Provide data to characterize the source term for all radionuclides that have the
potential to contribute to off-site environmental doses.

o  Identify the types and determine the concentrations and areal extent of hazardous
substances contamination in surface soils on site.

e Provide data that will be used to determine where future surface soil sampling may
be necessary.

These data will be evaluated along with the surface soil sampling data from previously conducted
programs in the Operable Unit 4 study area to support the Operable Unit 4 FS.

24.2 Methodology
The surface soils were sampled using two different tools - a coring tool and a hand auger. Use of

the hand auger was limited to sampling locations inside the Production Area of the FMPC. The
soil sampling conducted outside the Production Area was accomplished using the coring tool to
obtain 2-inch core soil samples to a depth of 6 inches. The area around Operable Unit 4 was
covered by a 1000-foot grid. Very few samples were collected in this area because it was
previously investigated by Weston during the radiological characterization of surface soils at the

FER/OU4RI/SA.132-5/10-29-90 2-11
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FMPC (Weston 1987). The locations where surface soil samples were collected within the
Operable Unit 4 study area during the RI are shown in Figure 2-3.

The criteria for selecting biased areas of surface soil sampling were those areas that indicated
radioactive contamination exceeding 35 pCi/g (the nominal lower limit of detection for U-238)
during the walkover survey. Within the defined area, two methods were employed to determine the
specific locations for taking the soil sample. The area corresponding to the highest reading within
a grid was sampled if singular elevated readings occurred; this is termed biased sampling. If there
were relatively uniform readings across an entire grid, then a random sample was taken.

The sampling technique consisted of:

Trimming existing vegetation from the sample location

Attaching a clean coring bit to the sampler handle

Driving the bit into the soil to a specified depth

Removing the soil from the bit and place the soil sample into a plastic bag
Placing the plastic bag containing the soil sample into a cardboard container
Placing custody tape over the lid of the container

Between each sample, the bit was removed from the handle, the handle was wiped with disposable
alcohol wipes, and then a clean bit was attached. All contaminated bits and other sampling
equipment were decontaminated according to procedures specified in the RI/FS Sampling Plan (IT
1988).

24.3 Analytical Parameters
Soil samples collected within the site boundaries were analyzed for parameters that are

representative of the materials found at the FMPC. At present, the radiological analyses listed
below have been performed:

Gamma spectral analysis
Isotopic uranium
Isotopic thorium
Isotopic plutonium
Total uranium
Strontium-90
Technetium-99
Cesium-137
Ruthenium-106
Neptunium-237
Radium-226
Radium-228

No analyses have been performed for nonradioactive organic or inorganic constituents.

FER/OU4RI/SA.132-5/10-29-90 2-12
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2.5 SUBSURFACE SOILS

2.5.1 Obijectives

The main objective for the subsurface soils investigations was to provide additional data on
subsurface conditions within the FMPC facility that may define or influence contaminant migration
pathways. To accomplish this, an evaluation of the physical-chemical properties of the subsurface
soils was performed.

2.5.2 Methodolo
The subsurface soil sampling program was an integral part of the groundwater monitoring well

installation program. It was addressed separately from the surface soils program because of the
difference in objectives and the specificity of methods and equipment. Boreholes for subsurface
soil sampling coincided with locations for monitoring wells. Subsurface soils were investigated
during the drilling of groundwater monitoring wells.

During the monitoring well drilling program, standard penetration tests were conducted and
subsurface soil samples were collected using an 18-inch-drive split-spoon sampler in accordance
with ASTM Method D1586-84. The soils were sampled continuously in the glacial overburden;
thereafter, samples were taken at five-foot intervals to the total depth of the borehole. The Unified
Soils Classification (USC) system was used in logging the soils. Soil boring logs are included in
Appendix B for those borings within the Operable Unit 4 study area. Subsurface soil sampling
locations within the Operable Unit 4 study area are presented in Figure 2-4. Immediately upon
opening each split spoon, the samples were screened for volatile organics using an organic vapor
analyzer (OVA) or an HNu photoionization detector. If volatiles were detected, a sample of the
soil core was to be submitted for full HSL analysis. This same approach was applied for soils
exhibiting unusual odors or evidence of visual contamination. The field screening procedure for
radionuclides utilized a large volume scintillation detector (SPA-3). For each boring location, the
sample with the highest reading within each geologic horizon was selected for full radiological
analysis. The subsurface soil sampling logs are included in Appendix B.

2.5.3 Analytical Parameters
Subsurface soil samples were analyzed for radiological and geochemical parameters. Samples

selected for radiological analysis were screened in the field as mentioned in Section 2.5.2. All
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samples sent to the laboratory were tested for.a set of radionuclides historically used, stored, or
produced at the FMPC. These parameters were:

e Gamma spectral analysis ¢ Thorium-230

¢ Total uranium . Thorium-232

e Uranium-234 . Cesium-137

¢  Uranium-235 . Strontium-90

¢  Uranium-236 . Ruthenium-106
¢  Uranium-238 . Neptunium-237
+« Radium-226 . Plutonium-238
 Radium-228 . Plutonium-239
«  Technetium-99 . Plutonium-240
e Thorium-228

Geochemical analyses were performed on selected samples based on differences in visual properties
(i.e., color, texture) with spatial distribution being a second criterion. The soil properties selected
as indicators of contaminant migration and attenuation were:

 Total cation exchange capacity

e Total organic carbon (TOC)
¢  Grain size

In addition to the common indicator parameters listed above, leachable iron and manganese will
also be used to assist in determining contaminant migration and attenuation. Iron and manganese
occur as oxide coatings on soils and sediments in areas where conditions are reducing. They have
very high adsorption capacities and very high affinities for heavy metals. They are sensitive to
changes in oxidation potential (pE) and pH within certain ranges, thus they are leachable. Their
presence as determined by leach tests can be quantified and used to assist in the determination of
contaminant attenuation.

Most of the samples for geochemical analysis were taken from the glacial overburden, with the
remainder being collected from the Great Miami Aquifer. For the Operable Unit 4 study area, no
analyses were performed for full HSL analyses because no volatile organics were detected during
the field screening of samples.

2.6 SURFACE WATER AND SEDIMENTS

The surface water and sediments of the Great Miami River have been sampled for the past 30 years
(WMCO 1989b). More recently, Paddys Run was also included in the monitoring program. The
RI/FS surface water and sediment sampling program was very extensive because it covered Paddys
Run, seeps from the eastem side cliff face of Paddys Run, the Great Miami River, and the areas
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where water collects on the ground at the FMPC. In addition to the radiological constituents,
hazardous chemical constituents of the surface water and sediments were also investigated.

2.6.1 Obiectives
The objectives for investigating the surface water and sediments during the RI were to:

» Identify the distribution and extent of radiological constituents in sediments from site
drainage systems, Paddys Run, and the Great Miami River.

» Determine the presence of radiological constituents and their concentrations at a given
point in time in the Great Miami River and Paddys Run at several locations (Figure
2-5).

»  Determine if the FMPC is a source of organics and selected inorganics that could
potentially be discharged to the Great Miami River and Paddys Run

2.6.2 Methodology
Storm sewer flows, waste effluent, storm water runoff, and natural surface water drainage were

sampled (Figure 2-5) in accordance with standard sampling methods outlined in Section 6.3 of the
QAPP (IT, 1988). The smaller drainages and seeps having little flow were sampled by hand using
a pond or dip sampler. The greater drainages, such as the Great Miami River and Paddys Run,
were sampled at mid-depth in the mid-section or deepest flow channel. Samples were collected
directly into the sample container if the water was deep enough; otherwise, a dip sampler was used.

Sediment samples from flowing water courses or areas of ponded water were collected (Figure 2-5)
below the water surface using a stainless scoop or Ponar dredge. Samples from dry stream
channels or drainages were collected by using a stainless steel scoop to scrape away and collect the
upper inch of sediments. Five scoops of sediments were collected at each location.

All sampling equipment was decontaminated at an off-site location. Great care was taken to ensure
that there was no cross contamination of the samples.

2.6.3 Analytical Parameters
The field analyses performed on the water samples included the following parameters: pH,

temperature, conductivity, and dissolved oxygen. Sediment samples were screened for radionuclides
in the field using a large volume scintillation detector (SPA-3). The sample with the highest
reading at each location was selected for further laboratory analysis; the other samples were
archived. The same procedure previously mentioned for screening subsurface soils for radioactive
contamination was also used to screen the sediment samples.
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The surface water samples were analyzed for radionuclides, TOC, total organic halogens (TOX), and
general water quality parameters. Samples from selected locations were also analyzed for extended
HSL parameters in accordance with the surface water and sediment plan. Sediment samples were
analyzed for radionuclides, extended HSL parameters, and grain size (Appendix C).

The parameters selected for analysis are listed below:

Total uranium
Uranium-234
Uranium-235
Uranium-236
Uranium-238
‘Radium-226
Radium-228
Technetium-99
Thorium-228
pH

Specific conductance
Chloride

Iron
Manganese
Phenols (total)
Sodium
Sulfate

Gross alpha
Gross beta
Copper
Molybdenum
Ammonia
Alkalinity
Magnesium
Potassium

® & & ©® ¢ o ¢ o & © @& S © & o & & o o = o & ° 0 o
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Thorium-230
Thorium-232
Cesium-137
Strontium-90
Ruthenium-106
Neptunium-237
Plutonium-238
Plutonium-239
Plutonium-240
Arsenic
Barium
Cadmium
Chromium (hexavalent, total)
Fluoride
Lead

Mercury
Nitrate
Selenium

- Silver

Nickel

Total organic nitrogen
Carbonate/bicarbonates
Calcium

Sodium

Phosphate

Extended HSL parameters are defined to include HSL organics and inorganics, HSL
pesticides/PCBs, primary drinking water organics, and organophosphorous pesticides.

2.7 GROUNDWATER

As part of the environmental monitoring program at the FMPC, 13 wells drilled over a 20-year
period have been routinely sampled and analyzed for various water quality indicators. This
monitoring started in 1952 with the installation of the FMPC'’s first production well (Dames and
Moore 1985a). From December 1981 until July 1985, the monitoring program was expanded to
include both the on-property wells and more than 22 off-site wells located upgradient and

downgradient of the site.
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The ongoing RCRA monitoring program began in August 1985 as 'a requirement under RCRA for
managing a hazardous waste unit (Waste Pit No. 4). The RCRA monitoring program was included
in the RI/FS sampling network. During the RI/FS, the FMPC installed and sampled more than 110
wells, both on and off site, as part of the groundwater monitoring program.

2.7.1 Obijectives
The principal objective in conducting groundwater investigations during the RI was to fill identified
data gaps to:

o  Determine whether the groundwater at the FMPC has been contaminated, both on and
off site, and to evaluate the extent of contamination.

« Determine the concentrations and sources of contaminants on site and indicate
migration of hazardous substances to off-site areas.

«  Determine the rate and direction of groundwater flow within each separate hydrologic
unit.

e Determine the effects that pumping groundwater and resulting recharge/discharge
relationships have on groundwater flow and contaminant transport.

o Define areas of subsurface contaminant migration and groundwater discharge.

2.7.2 Methodology

A total of 12 wells were installed within the Operable Unit 4 study area during the RI: eight
1000-series wells (MW-1008, MW-1009, MW-1018, MW-1029, MW-1032, MW-1033, MW-1034,
and MW-1072) to depths ranging between 11 and 36 feet; three 2000-series wells (MW-2008, MW-
2009, and MW-2034) to a depth of 65 feet; and one 3000-series well (MW-3034) to a depth of
140 feet. These wells were installed in the corresponding boreholes from which the subsurface soil
samples were collected. The locations for the wells installed during the RI within the Operable
Unit 4 study area are shown on Figure 24. These three series of wells monitor three water-
bearing zones at the site: the perched water table aquifer in the glacial overburden, the top of the
Great Miami Aquifer, and a deeper zone of the Great Miami Aquifer, respectively.

The wells were installed by the Pennsylvania Drilling Company using cable tool drilling methods.
The rigs that were used for the drilling operations were a Cyclone 42 and a Bucyrus-Erie 24-W. .
Cuttings were removed from the borehole using either a sand pump or bailer and stored on site in
55-gallon drums. All wells were constructed of four-inch, 316 stainless steel pipe, threaded flush-
jointed; and four-inch-diameter, 316 stainless steel continuous slot screen (0.01 inch slot size). -
Screen lengths for the wells were 10 feet, with the exception of the following well numbers: MW-
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1009 - 5 feet; MW-1032 - 2 feet; and MW-2009 and MW-2034 - 15 feet. Figures 2-6 and 2-7
show generalized well construction diagrams for the 1000- and 2000- series wells, and the 3000-
series wells, respectively. The specific construction details for each well are contained in Appendix D.

The 3000-series wells are screened at greater depths for the purpose of monitoring the deeper zone of
" the Great Miami Aquifer. Because of the high water level in these wells, it was not possible to install
a bentonite seal; the bentonite pellets would not fall through the long water column without swelling
and bridging. Therefore, no bentonite pellets were used in the construction of the 3000-series wells.
These wells incorporate Volclay™ grout which was set from the top of the sandpack to the surface.

Upon completion, the monitoring wells were developed by pumping and surging to remove fines.
After fully recovering from well development, static water levels were measured.

2.7.3 Groundwater Sampling
Figure 2-8 shows all the wells that were sampled during the RI within the Operable Unit 4 study

area. The quarterly sampling program also included wells that were installed before the RI/FS
program (MW-2018, MW-3005, MW-3009, and MW-3018).

Groundwater samples for each well have been taken quarterly for one year beginning in May 1988
for those wells installed as of that date. All samples were collected using the FMPC RI/FS
sampling procedures to ensure that no contamination was introduced into the samples. All
groundwater samples were analyzed for a full suite of radiological parameters and drinking water
quality parameters. The radionuclides being analyzed include:

Total uranium
Isotopic uranium
Isotopic plutonium
Radium 226 and radium-228
Neptunium-237
Total thorium
Isotopic thorium
Technetium-99
Cesium-137
Ruthenium-106
Strontium-90

General groundwater quality was established by analyzing groundwater samples for the following
parameters:
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« pH . Arsenic
«  Specific conductance . Barium
e  Chloride . Cadmium
¢ Iron . Chromium (hexavalent, total)
e«  Manganese . Fluoride
»  Phenols (total) . Lead
e  Sodium e«  Mercury
e  Sulfate . Nitrate
e Gross alpha e Selenium
e  Gross beta . Silver
+  Alkalinity as CaCO, . Ammonia
¢  Carbonate/bicarbonate *  Total organic nitrogen
»  Copper Molybdenum
»  Nickel o  Calcium
+  Phosphate . Magnesium
«  Potassium . Sodium

Selected wells [1029, 1072 (became dry), 2008, and 2034] were analyzed for HSL volatile and
semivolatile organics, HSL inorganics (including cyanide), HSL pesticides/PCBs, primary drinking
water organics, and organophosphorous pesticides. These extended HSL parameters were analyzed
one time only to augment and confirm the findings of the ongoing RCRA program.

2.8 BIOLOGICAL RESOURCES

The earliest study on the biological resources at the FMPC was conducted by Battelle Columbus
Laboratories in 1977. A more extensive biological and ecological characterization of the FMPC
was conducted by researchers from Miami University (Facemire et al. 1990), and studies of the fish
in the Great Miami River have been conducted by the University of Cincinnati as part of a
continuing monitoring program. RI/FS studies of biological resources at the FMPC include: a
study of radionuclide uptake by plants and animals on the site; surveys for threatened or
endangered species; toxicity testing of FMPC effluent and soils; macroinvertebrate surveys of
Paddys Run and the Great Miami River; wetlands delineation; and a bioaccumulation study. Only
the studies addressing uptake of radionuclides by plants and animals and the survey for threatened
or endangered species have been completed. Threatened or endangered species were not found at
the FMPC (ASVIT 1990c).

2.8.1 Objectives
The main objectives for the biological resources investigation were to determine if:

e  Any radiological or hazardous substance release to the FMPC environs results in

significant uptake, assimilation, and transfer through ecological habitats including
surface water, sediments, and adjacent wetlands.
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e Any radiological or hazardous substance release to the FMPC environs results in
uptake and assimilation in agricultural products and crops.

e Such releases and uptake represent significant pathways to human receptors.

e Federal or state threatened or endangered species exist within the FMPC environs and
potential risk is posed to their existence or welfare through contaminant release -from
the FMPC.

2.8.2 Methodology
The radionuclide uptake study was designed in 1987, prior to the introduction of operable units, to

examine FMPC site-wide contamination of both terrestrial and aquatic organisms. As a conse-

. quence, there were no sampling sites located within the boundaries of Operable Unit 4. One

aquatic sampling site on Padd);s Run, PR-3, was adjacent to Operable Unit 4 (Figure 2-9). Details
of the sampling methodology are provided in the biological resources sampling and analysis report
(ASIIT 1990c). Fish and benthic macroinvertebrates were sampled at several locations on Paddys
Run and the Great Miami River, including Site PR-3 (Figure 2-9). Fish were collected by either
electroshocking or capturing with nets. They were then segregated by species, wrapped in aluminum
foil and Ziplock® bags, labeled, and frozen before shipment to the analytical laboratory. Benthic
macroinvertebrates were collected with a Surber sampler, and packaged and shipped in the same |
manner as fish samples.

2.8.3 Analytical Parameters
Biological samples were analyzed for the isotopes of uranium (U-234, U-235, and U-238),

strontium-90 (Sr-90), and Cs-137. A subset of biological samples was analyzed for technetium-99
(Tc-99) and HSL organic and inorganic constituents (ASI/IT 1990c).

29 QUALITY ASSURANCE PROGRAM

The quality assurance (QA) program, which is composed of the FMPC RI/FS QAPP and its imple-
menting programs, is an essential component of the project management system that govems all
aspects of the FMPC RI/FS. Specifically, all aspects of the QA programs are contained in Volume
V of the FMPC RI/FS Work Plan. In general, a QA program represents all those planned and
systematic actions necessary to provide adequate confidence that the product or service provided to
the customer will comply with all regulatory requirements and also satisfies the needs and
expectations of the customer(s) and public. Specific to the needs of an RI/FS project, the QA
program should provide the assurance that adequate provisions have been specified and implemented
before and during the performance of all project work to control all data coliection, handling, '
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analysis, interpretation, and reporting activities. The end result of designing and implementing such
a QA program is technically sound, legally defensible data that can be used by the DOE and EPA
to evaluate and select remedial action alternatives that protect the public health and environment
from the characterized substances, pollutants, or contaminants.

Femald FMPC RI/FS QA Program

The project’s QA program described in the QAPP is based on EPA’s QA program requirements
promulgated in Interim Guidelines and Specifications for Preparing Quality Assurance Project Plans
(QAMS-005/80), dated 1983. Some selected aspects of Quality Assurance Program Requirements
for Nuclear Facilities (ANSI ASME/NQA-1) are also implemented for the broader project control

aspects such as document control, audits, and records management. By combining the elements of
QAMS-005/80 and NQA-1, the RI/FS QA program addresses all aspects of a sound project
management system designed to ensure the quality of RI/FS data used in technical evaluation and

decision making. The QA program elements are as follows:

Project Organization and Responsibilities

Field Procedures

Sample Collection Procedures

Chain-of-Custody Procedures

Equipment Calibration/Maintenance

Laboratory Analytical Procedures

Data Reduction, Validation, and Reporting
Intemal QC Checks

QA Audits

Preventive Maintenance

Specific Routine Procedures to Assess Data Precision, Accuracy, and Completeness
Document Control

Nonconformance/Corrective Action and Variances
QA Reports to Management

Records Administration

All the above listed QA elements have been designed and implemented to ensure the following
RI/FS project goals:

s  Scientific data will be of sufficient or greater quality to meet scientific and legal
scrutiny.

. Daia will be gathered or developed in accordance with procedures appropriate for the
intended use of the data.

Data will be of known and acceptable precision, accuracy, completeness, representativeness, and
comparability (referred to frequently as the PARCC parameters of QAMS-005/80).
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The FMPC RI/FS project management personnel are responsible for establishing and executing a
QA program that is compliant with all applicable regulatory requirements and satisfies all project
objectives. Project management will provide adequate funding and resources to effectively support
project QA objectives; will stay apprised of QA issues and project QA problems and will effect
resolution; and will retain responsibility for the quality of work delegated to other project
participants such as contractors and consultants.

The RI/FS QA Officer is delegated the responsibility and authority to direct and control QA
functions to ensure that the QA program objectives are consistently met. The QA Officer is
responsible for the coordination, integration, and overview of project QA activities, and for ensuring
that the appropriate quality management, policy, training, and verification controls are present.
Specifically, the QA Officer will coordinate the development of the QA program documents (QAPP
and Procedures), manage the document control and records management systems, provide QA
training , schedule and conduct project audits, and report and track nonconforming conditions and
their corrective action.

In summary, it is through the commitment to the QA program by the project management person-
nel, its implementation by the technical personnel, and its routine monitoring and assessment by the
QA organization that the quality and defensibility of the data presented in this RI report can be
ensured.
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3.0 SITE SETTING

The results of the RI/FS field investigation and previous studies were synthesized to provide an
understanding of the site and regional setting. The physical, environmental, and demographic

+ settings of the study area are described in this section. Information is provided on surface features,
climate, surface water hydrology, geology and groundwater hydrology, soils, land use and
population, and vegetation and wildlife.

Two documents (IT 1988; DOE 1987) were relied on substantially for the information provided in
the following sections and are not specifically referenced in the text. Other documents used to

. support individual statements are appropriately cited within the text. More detailed information on
centain features of the site setting is available in the EIS that is being prepared in support of the
RI/FS decision process.

3.1 SURFACE FEATURES

The FMPC lies on the boundary between the southernmost extent of Pleistocene glaciation and the
ancient unglaciated upland. The advance and retreat of continental glaciers not only shaped the
topography but determined the hydrogeologic setting for the site.

3.1.1 Physiographic Province
The FMPC lies in the Till Plains section of the Central Lowland physiographic province,

characterized by structural and sedimentary basins and domes. Among these features, the Cincinnati
Geoanticline is structurally significant in this region. The underlying bedrock in the region is shale
and fossiliferous limestone of Middle and Late Ordovician age (Fenneman 1916). It outcrops on
steep valley walls in numerous waterfalls. In some areas, it is overlain by glacial deposits that vary
in thickness to as much as 400 feet.

The main physiographic features in the area are gently rolling uplands, steep hillsides along the
major streams, and the Great Miami River Valley, which is a relatively broad, flat-bottomed valley
flanked on either side by bluffs that rise to a maximum of 300 feet above the general level of the
valley floor.

3.1.2 Topography
The maximum relief on the site is a little more than 700 feet above mean sea level (msl) at the

highest point along the northem boundary of the site. The FMPC Production Area and Waste
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Storage Area rest on a relatively level plain approximately 580 feet msl. The plain slopes from
600 feet msl along the eastern boundary of the FMPC to 570 feet msl at the K-65 silos. The plain
then drops off into Paddys Run at an elevation of 550 feet msl. All drainage on the FMPC is
from east to west into Paddys Run, with the exception of the northeast comer, which drains
eastward to the Great Miami River. -

32 CLIMATE

Information on the local climate was gathered from two main sources - an on-property
meteorological system installed at the FMPC in 1986 and the Greater Cincinnati Airport. Windflow
data from the Dayton Airport were used as a secondary data source.

3.2.1 Prevailing Winds

The on-property meteorological system was installed to collect site-specific data for wind speed and
direction, ambient air temperature, lapse rate, dew point, temperature, relative humidity, barometric
pressure, and precipitation. The system was used by the National Oceanic and Atmospheric
Administration (NOAA) to examine the complexity of the local wind field at the FMPC. ‘The
study showed that two major features, the Great Miami River Valley and the ridges surrounding the
site, affect the wind patterns at the site. A study by IT (1986) showed, however, that the wind
flow data from the Cincinnati Airport were sufficiently representative of local site conditions to
serve as data for the years prior to the on-property meteorological system.

Figure 3-1 shows the typical wind pattern at the site for a 10-meter elevation. Prevailing winds are
from the southwest and south-southwest.

3.2.2 Precipitation
The average annual precipitation for the Cincinnati area for the period 1955 through 1984 was

37.75 inches and ranged from 29.22 to 40.64 inches. The highest precipitation occurs during the
spring and early summer; precipitation is lowest in late summer and fall. The average annual
snowfall for the same period (1955 to 1984) was 24.0 inches, with the heaviest snowfall in January.

The total rainfall for this area in 1988 was 40 inches. Of this, more than 50 percent fell in April
through September, which encompasses the growing season for most crops. The wettest month was
July, with 6.9 inches of rainfall, most of which fell during two thunderstorm events. By contrast,
the least precipitation was recorded in June when 1.2 inches of rain fell.
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3.2.3 Temperature
The regional climate is defined as continental, with temperatures ranging from a monthly average of

29.0°F in January to 75.5°F in July. The highest temperature recorded from 1950 through 1984
was 102°F in August 1962, and the lowest was minus 25°F in January 1977. The average number
of days per year with a minimum temperature of 32°F or less is 110 days, and the average number
of days with a maximum temperature of 90°F or above is 20 days per year. Frost depth ranges
from 30 to 36 inches.

3.3 SURFACE WATER HYDROLOGY

The FMPC is located within the Great Miami River Basin drainage but above the river’s present
day floodplain. The Great Miami River is the receiving stream for the FMPC effluent discharge
and represents the main surface water feature in the vicinity of the FMPC (Figure 3-2). The river
flows generally to the southwest and has a drainage area of approximately 3360 square miles at the
Hamilton gage, which is located about 10 miles upstream from the FMPC discharge outfall.

The river exhibits meandering patterns that result in sharp directional changes over distances of less
than 3000 feet. Directly east of the FMPC and within the RI/FS study area, the river passes
through a 180-degree curve known as the "Big Bend" (Figure 3-2). A 90-degree bend in the river
also occurs near New Baltimore, approximately two miles downstream from the FMPC point of
The average discharge of the Great Miami River at Hamilton, based on 55 years of records, is 3305
cubic feet/second (ft‘/s). Using drainage area scaling, the corresponding average flow at the FMPC
point of discharge has been estimated to be 3460 ft’/s. The maximum discharge recorded for the
Great Miami River at Hamilton occurred on March 26, 1913 and was estimated to be 352,000 ft%s.

The maximum discharge since the construction of five retarding basins in 1922 was 108,000 fi¥/s
and occurred on January 21, 1959. The 10-year flood discharge has been calculated to be 81,455
ft’/s for the site reach. The minimum daily discharge of 155 ft*/s was recorded on September 27,
1941. This value is approximately half of the seven-day, 10-year low flow value (Q,,o) of 267
ft¥/s, as computed by the USGS for the Hamilton gage. This translates to 280 ft¥/s at the site
reach.

Natural surface drainage from the FMPC is pnmanly to Paddys Run. Paddys Run originates north
of the site, drains southward along the west side of the FMPC, and eventually enters the Great
Miami River approximately 1.5 miles south of the FMPC (Figure 3-2). This stream loses flow to
the underlying aquifer along much of its course because of its highly permeable channel bottom
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which is carved into the Great Miami aquifer. Paddys Run is an ungaged, intermittent stream that
flows primarily between January and May and has an estimated discharge for this period ranging
between 0.2 and 4.0 ft’/s. Peak flows have not been measured.

A principal drainage feature of the FMPC is a tributary to Paddys Run known as the storm sewer
outfall ditch. This drainage course originates east of the production area, flows southwest across
the southem portion of the site, and enters Paddys Run near the southwest comer of the property
(Figure 3-2). Much of the stream bottom of this drainage course, which also collects runoff from
an aréa east of the production area, is composed of sand and gravel. Vertical seepage rates through
the stream bottom are similar to Paddys Run. This drainage course is generally dry throughout
most of the year with flows occumring during and immediately after precipitation.

The storm sewer outfall ditch historically conveyed surface water runoff from the production area
directly to Paddys Run. This occurred when the capacity of the storm sewer lift station, which
diverts low flow storm water to Manhole 175, was exceeded. Manhole 175 is the main effluent
line to the Miami River. Two storm water retention basins were recently constructed at the head of
the storm sewer outfall ditch. Storm water runoff from the production area is now conveyed to
these retention basins. After at least a 24-hour retention period to allow for settling of suspended
solids, the water is pumped out of the basins to the Great Miami River via the FMPC’s main
effluent line. The basins are designed to retain the runoff from a 10-year, 24-hour rainfall event.
However, the basins overflowed in January 1989 and February 1990 when several heavy storms
occurred. In the event of an overflow, storm water from the Production Area would enter the
outfall ditch.

34 GEOLOGY AND GROUNDWATER HYDROLOGY
The following section provides a summary of the geologic history and hydrogeologic setting of the

area surrounding the FMPC.

3.4.1 Geologic History
The FMPC is located within a two- to three-mile-wide subterranean valley known as the New

Haven Trough. This valley formed as a result of Pleistocene glaciation and subsequently filled with

~ glacial outwash materials and till. The geological history of the FMPC area, as presented by

Fenneman (1916), is summarized in the following paragraphs.
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In Late Ordovician time, approximately 450 million years ago, sediments that would become a
predominantly flat-lying shale with thin interbedded limestone were deposited in a shallow sea.
This shale is the relatively impermeable bedrock that now underlies the FMPC site area and forms
the adjacent highlands.

Before Pleistocene glaciation, the area was relatively flat and sloped in a northward direction. This
level plain contained a northward flowing drainage system. This system is referred to as the Teays
River System and consisted of two major streams with many tributaries. At some time during the
early Pleistocene period, this north-flowing river system was disrupted by the advance of Nebraskan
and Kansan glaciation to the north of the Cincinnati area. The drainage system that developed
south of the advancing ice sheets is known as the Deep Stage Drainage System (Figure 3-3).

The Deep Stage Drainage System was composed of three major rivers - the Miami River, the East
Fork of the Little Miami River, and theALicking River. The Miami River followed much the same
channel as the present-day Great Miami River from Middletown to Ross, Ohio. The East Fork of
the Little Miami River entered the area from the northeast. The Licking River came in from the
south in essentially its present-day channel but continued to the north of the present day Ohio

River.

These three rivers combined to form what is known as the ancéstral Ohio River, which entered the
area from the east along the present-day channel of the Ohio River, then tumed northeast through
the valley now occupied by the Little Miami River. There it was joined by the East Fork and
flowed west through the Norwood Trough to the Mill Creek Valley where it joined the Licking
River. The stream then flowed north through the Mill Creek Valley and tumed west to join the
Miami River south of Hamilton, Ohio. It continued to the southwest through the New Haven
Trough to near Harrison, Ohio, where it tured and flowed south through what is now the
Whitewater River Valley (Figure 3-3). '

Several tributary streams of later importance entered the main stream in the vicinity of the FMPC.
Two streams originated near Miamitown--one flowed north to join the main stream between
Shandon and Fernald and the other flowed south following the course of the present-day Great
Miami River. Two other small streams originated near New Baltimore and flowed north to the
main stream. The Dry Fork of the Whitewater River, which now lies to the west of the area,
formerly tumed east to Shandon and then flowed south through what is now the Paddys Run Valley

(Figure 3-3).
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During the time of Deep Stage Drainage and the early stages of Illinoisan Glaciation (300,000 to
400,000 years ago), the river valleys cut deeply into the shale bedrock to depths up to 200 feet
below current land elevations. As the Illinoisan ice sheet advanced into the area, ice began to
block the Miami River and its confluence with the ancestral Ohio River. This caused water to
pond in the Mill Creek Valley. For a time, water still flowed to the west along the front of the
advancing ice sheet and carved the present-day Great Miami River Valley along the tributary
system near Miamitown (Figure 3-3).

When the confluence of the Miami River and the ancestral Ohio River was completely blocked, the
ponded water in the Mill Creek Valley rose until it overflowed low divides and carved outlets at
Anderson’s Ferry and at what is now downtown Cincinnati. This created the present-day channel
of the Ohio River. As the ice retreated, the valleys of the Deep Stage Drainage were filled with
well-sorted sand and gravel outwash deposits, and the Great Miami River and the Ohio River were
established in their present-day channels.

The last stage of glaciation, the Wisconsin, was much less disruptive to the drainage in the area.
The ice sheet advanced only as far as the south side of the FMPC. The main effect of this glacial
advance in the area was the displacement of the Dry Fork of the Whitewater River from its historic
channel into its present-day channel. As it retreated, the ice deposited a moraine in the historic
channel which formed a dam. The dam was breached two times, with the final breach draining the
lake permanently. The lake basin is now occupied by Paddys Run.

Since the last retreat of continental glaciers, the streams in the area have removed much of the till
and lacustrine mantle left by the ice sheets. The Great Miami River has eroded through the till and
is now in direct contact with the glaciofluvial outwash deposits that comprise the buried valley
aquifer. Paddys Run is also in contact with these deposits in its lower reaches. The FMPC site is
located on a dissected till plain and lacustrine deposits left by Wisconsin Glaciation.

3.4.2 Hydrogeologic Setting
The bedrock in the vicinity of the FMPC consists of predominantly flat-lying olive-gray Ordovician

shales with thin, interbedded layers of limestone. This shale forms the floor and valley walls of the
New Haven Trough. The buried channel is generally carved into this shale between 60 and more
than 200 feet below the pre-erosional land surface in the vicinity of the FMPC.
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Unconformably overlying the shales in the bedrock channel is approximately 150 feet of regionally
extensive Pleistocene glacial valley fill deposits. Figure 34 is a generalized stratigraphic column of
the valley till deposits. As indicated by the hydrogeologic cross sections, the buried valley is about
0.5 to more than 2 miles wide and is U-shaped, having a broad, relatively flat bottom and steep
valley walls. Interbedded glacial till deposits occur within the outwash deposits, but in most cases
are of limited lateral extent. The till deposits are composed primarily of poorly sorted pebbles,
cobbles, and boulders in a predominantly clay matrix.

Within some areas, till deposits overlie the bedrock uplands and portions of the outwash materials
where they form the thick unconsolidated sediment layers beneath the soil zone. This glacial till is
composed of dense, silty clay that varies in composition vertically and laterally. The silty clay tll
contains lenses of poorly sorted fine- to medium-grained sand and gravel, silty sand, and silt with
layers of silty clay.

Regional hydrogeologic environments of the buried channel aquifer have been investigated and
reported by the USGS. A hydrogeologic environment describes a portion of an aquifer possessing
hydrologic and geologic properties that differ from the properties of the aquifer in adjacent areas.
Five major hydrogeologic environments have been identified and mapped in the Great Miami River
Valley. Type I, III, and V environments generally describe the hydrogeologic conditions in the
vicinity of the FMPC and are summarized in the following paragraphs.

The Type I hydrogeological environment is found along the floodplain of the Great Miami River to
the south and east of the FMPC facility. The lithology of the aquifer consists principally of sand
and gravel. Scattered lenses of clay and other fine-grained material may exist anywhere in this
environment. However, these lenses are not of sufficient thickness or areal extent to act as
semiconfining layers or to otherwise affect groundwater movement. The potential for induced
stream infiltration exists in these areas. Transmissivity values generally range from 40,000 to
67,000 square feet per day (ft*/day). The Type I aquifer may be classified with a storage
coefficient of about 0.2. Individual wells can yield as much as 3000 gpm.

The Type III hydrogeologic environment is characterized by 50 or more feet of clayey till overlying
the main buried channel aquifer. In the FMPC region, the buried channel aquifer is further divided
into an upper and lower part by a semipervious clay layer approximately 10 to 20 feet thick,

occurring approximately 120 feet below land surface. Hence, the lower aquifer is classed as
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a semiconfined or leaky confined aquifer. A coefficient of storage of 0.001 was estimated for the
lower sand and gravel aquifer. Estimated transmissivities range from 4700 to 40,000 ft*/day.

The Type V hydrogeologic environment includes all of the area outside of the buried channel.
These areas are uplands and consist of shale with interbedded limestone overlain by 50 or less feet
of clay-rich till. Large quantities of groundwater are not generally transported through this material.
Well yields vary widely, typically ranging from near O to 10 gpm; however, because sand and
gravel lenses are erratically distributed throughout the overlying till, wells completed in these units
may yield up to 50 gpm. '

Large groundwater supplies occur in the outwash deposits of the buried channel aquifer and are
recharged by three principal sources: recharge from bedrock, precipitation recharge, and recharge
by stream infiltration. Although the shales and limestones have a low permeability, small amounts
of water occur in erratically distributed joints and cracks and produce seepage into the glacial
deposits. The average permeability of the bedrock has been estimated to be five gallons per day
(gpd) per square foot of contact with the glacial deposits. Recharge by precipitation amounts to
approximately 570,000 gpd per square mile of catchment area and represents the dominant source
of recharge on a regional basis. Under natural conditions, the gradient of groundwater flow is from
the aquifer to the Great Miami River, except during dry periods when the gradient is reversed.
Intermittent recharge to the aquifer also occurs along Paddys Run.

The groundwater in the regional aquifer enters the FMPC study area from the buried valleys on the
west, north, and east. Natural gradients cause the groundwater to exit the FMPC study area by
either flowing to the east to the Great Miami River upstream from New Baltimore, Ohio, or by
flowing south through the branch of the bedrock channel west of New Baltimore. In either case, the
Great Miami River is the ultimate receptor of all groundwater in the study area (Figure 3-5).

The large pumping wells of the Southwest Ohio Water Company (SOWC) in the "Big Bend"
meander of the Great Miami River east of the FMPC produce a pronounced and persistent cone of
depression in the potentiometric surface centered on the pumping wells. Groundwater elevation
maps indicate that the resultant cone of depression from the SOWC wells influences groundwater
flow pattems beneath the FMPC. In particular,- a groundwater flow divide is created such that
groundwater underlying the northern portion of the FMPC, including those areas underlying the
waste storage area and the production area, flows to the east toward the SOWC wells and the Great

~ Miami River. Groundwater from the southem and southwestem portion of the FMPC continues to
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flow along the natural gradient to the south-southwest through the buried valley. Near the
southwest comer of the FMPC, a groundwater component from the west is also present due to the
western leg of the buried channel (Figure 3-5). This causes the recharge from certain reaches of
Paddys Run to flow east-southeast until the regional southern component of flow is encountered.

3.4.3 Hydrogeology of Operable Unit 4
The site-specific depositional characteristics of the overburden are shown in Figure 3-6 (found in

end pocket), the Operable Unit 4 Glacial Overburden Fence Diagram. Although the descriptions in
the diagram are based on color and lithology, a depositional correlation can be made using the
descriptions found in other publications (Brockman 1988; Hendry 1988; Cravens 1987; Barari 1986;
Leggett 1976) and from outcrop studies at the site. Generally it is assumed that the gray and
brown clays and silts represent the Wisconsin age glacial tills. The coloration of the till is a
weathering phenomenon and is not due to depositional differences. Based on the location of the
glacial lake spillway (Brockman 1988) and descriptions found in the U.S. Army Corps of Engineers
boring program conducted during plant construction, it is felt that near-surface brown silts found in
Operable Unit 4 represent lacustrine deposits. Sand and gravel stringers and beds found within the
glacial overburden are classified as glaciofluvial without regard to specific origin (i.e. outwash
stream or beach).

As shown on the fence diagram, the geologic setting beneath Operable Unit 4 consists of a
sequence of lacustrine beds, till with silty sand interbeds, and the glaciofluvial deposits of the Great
Miami Aquifer. The silty lacustrine beds are seen at the surface predominantly in the central
portion of Operable Unit 4 (Wells 1029, 1032, and 1072). The glacial overburden, composed
primarily of till, unconformably overlies the sands and gravels of the Great Miami Aquifer and
ranges from 21 to 34 feet thick. In general the glaciofluvial interbeds of sand and gravel are
discontinuous across the operable unit, although they may be correlatable between two or more
nearby wells.

The brown upper weathered zones within the glacial overburden (lacustrine, till, glaciofluvial
interbed) extend to a depth of approximately 15 feet below the ground surface. The grey, or
unweathered till in the western portion of Operable Unit 4 (boring 1032) is approximately five feet
thick. This unweathered till thickens to the north to a thickness of approximately 25 feet (boring
1029).
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Each of the layers underlying Operable Unit 4 have separate hydrogeologic characteristics that affect
the movement of water and contaminants. The hydrologic characteristics of the different units is
outlined below.

Glaciofluvial Deposits
Most of the large productive aquifers, such as the Great Miami Aquifer, found in the areas once

covered by continental glaciers, are typically glaciofluvial outwash deposits left by the meltwater of
receding glaciexs; In the FMPC area, the Great Miami Aquifer deposits consist of highly sorted
sands and gravels deposited as fill within buried channels. Within the FMPC, this unit has an
interbedded clay layer of limited extent.

Within the glacial overburden there are numerous small perched water bearing zones with limited
interconnection. These perched zones are primarily of glaciofluvial origin and consist of thin beds
of well-sorted sands and gravels. These beds are probably the result of small meltwater streams
that occurred along the ice margin and within the glacier itself. The beds tend to be discontinuous,
both laterally and vertically, due to the rapidly changing environment near an active glacier. Some
locally continuous beds may occur in two or more nearby wells. The only significant interbedded
unit in Operable Unit 4 is seen in Borings 1032, 1033, 2034, and 2008. This unit is believed to
be depositionally correlatable; however, there is only limited hydrologic communication between the
borings as evidenced by uranium levels and seasonal hydrograph responses.

Glaciolacustrine Deposits
In the meltwater lakes that existed during Pleistocene time, thick deposits of glaciolacustrine silt and

clay were laid down offshore. These deposits form some of the most extensive shallow aquitards
in North America. However, at the FMPC site the lacustrine units were deposited near the top of
the stratigraphic column and have subsequently been eroded. They are not extensive across
Operable Unit 4, being found only in three wells in the central portion of the area. These deposits
are jointed and weathered and would be expected to have a substantial secondary permeability.

Till Deposits

Dense, fine-grained glacial tills are the most common aquitards in most of the northern part of the
United States. These deposits have intergranular hydraulic conductivities that are very low, with
values in the 107 to 10° feet/day range (Heath 1983). Extensive deposits of clayey till can cause
isolation in zones of near surface groundwater flow. At the FMPC, a series of slug tests of water
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bearing zones in the till found hydraulic conductivities ranging from 1.6 feet/day (5.6 X 10*
centimeter/second) in Well 1048 to 7.1 X 10? feet/day (2.5 X 10° centimeter/second) in Well 1079.

In the Great Plains region and in parts of the Midwest, deposits of clayey or silty till and
glaciolacustrine clay have networks of predominantly vertical joints or fractures due to Weathering.
This jointing pattem in the Wisconsin tills has also been noted in the area surrounding the FMPC
(Brockman 1988). In the FMPC area the joints are commonly near vertical and have a polygonal
expression with a typical maximum axial dimension of 18 to 25 inches. The joints are generally
oxidized to a radius of approximately two inches. Within the FMPC, fractures were noted in the
till during the RI/FS drilling program and field reconnaissance. These fractures can impart an
enhanced bulk hydraulic conductivity of up to 1000 times above that of an unweathered till
(Hendry 1988). As a result of increased lateral stresses caused by overburden loading, as well as
decreasing weathering, the hydraulic conductivity of fractured till and clay decreases with depth.

From a hydrogeologic standpoint the till deposits can be differentiated into a brown weathered zone
and a gray unweathered zone (Barari and Hedges 1985; Hendry 1988; Cravens 1987). The cited
studies indicate that infiltration is primarily limited to the weathered till. Although precipitation
enters this upper zone, it does not act as a significant source of recharge to deeper aquifer zones
because the majority of the water lost from till deposits is from evapotranspiration. In addition,
some water discharges laterally to small seeps or drainages. In the Operable Unit 4 area, surveys
have been conducted to look for seeps along Paddys Run adjacent to the silos and along small
drainageways in the vicinity. No seeps have been noted. However, it is likely that the fill zone
located between the silos and Paddys Run would intercept any seasonal seeps, preventing them from
having a surface expression.

3.5 SOILS _

Soils in the region were formed in parent materials that were deposited by the action of Wisconsin
and Ilinoisan glaciers. These materials consist mainly of glacial till but include sand, gravel,
glacial lake clays, and silt clays. ‘

There are three major soil associations in the vicinity of the FMPC: Russell-Xenia-Wynn,
Fincastle-Xenia-Wynn, and Fox-Genesee. The soils are usually light-colored, acidic, and well-
drained. Many of the soils have developed on wind-blown material (loess), except along present
and old river basins where the Fox-Genesee soils are of glacial till origin. The soils are moderately
high in productivity and are frequently used for growing cash crops and producing livestock.
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Tables 3-1, 3-2, 3-3, and 34 give the engineering, physical, and chemical properties for the soil
types found in the region of the FMPC, while Figure 3-7 is a soils map of the area.

Soils at the FMPC site are primarily categorized as Fincastle-Xenia silt loams. These soils are
light-colored, medium acidic, and moderately high in productivity when properl& managed.
Moisture-supplying capacity is moderate, as is fertility and organic content. Soils have formed 18
to 40 inches of loess over limey loam till of Wisconsin age. Fincastel soils have poor drainage.
In areas where these soils are predominant, artificial drainage is required for moderate crop
productivity. If artificial drainage is not used, the water table remains high for extended periods in
winter and spring. Fincastle-Xenia soils cover large areas west of the FMPC.

Before development of the FMPC, soils of the production area consisted primarily of Fincastle silt
‘loams. Fincastle soils are characterized by low permeability, moderate productivity, seasonal
wetness, and low soil strength. Because of production area development, on-property native soils
have been covered by introduced gravels, paving materials, and facilities. Areas that are currently
planted with grasses and maintained as lawns or buffer zones tend to represent native Fincastle
soils.

Soils along Paddys Run are categorized as Fox-Genesee loams. These soils are light-colored,
highly productive, moderately fertile, and contain moderate amounts of organic matter. Fox soils
are slightly to medium acidic, have a moderate moisture-supplying capacity, and are well-drained.
They generally contain 24 to 40 inches of silty materials over sand and gravel. Fox-Genesee soils
are well drained, high in moisture-supply capacity, and are subject to flooding.

Soils in a small area on the north side of the site are classified as Russell-Xenia-Wynn, which
develop on sloping topography. These upland soils are light-colored and medium acidic and have
formed from wind-blown silty material on limey loam glacial till, 18 to 40 inches thick.

3.6 SEISMOLOGY

A seismic risk zone of two has been assigned to the region of the FMPC. The occurrence of an
earthquake in the region of the FMPC could damage facilities and cause the release of contaminants
into the environment. Local geologic structures and historical seismicity are used to analyze the

potential for seismic events in the site areas.
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Hef
LEGEND: SOURCE:
SOIl. NAME BUTLER COUNTY HAMILTON COUNTY NATURAL RESOURCES
DANA DaB N/A
EDEN EcE2, EcF2 N/A
FINCASTLE FcA FdA, FeA
FOX N/A FoA
GENESEE Gn Gn
HENNEPIN N/A HeF
HESHAW HoA HoA
MARKLAND N/A MaB, MaC2
MARTINSVILLE N/A McA
MIAMIAN~HENNEPIN N/A MoE2
MIANIAN—RUSSEL MsC2 N/A
RAGSDALE R«; N/A
RAUB N/A RdA
RUSSELL RwB2 RwB2 SCALE
UNIONTOWN UnB N/A
XENIA XeB, XeB2 XfA, Xf82 800 1800 FEET
FIGURE 3—7. FMPC SOILS MAP
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The presence of minor faults cannot be completely dismissed because Paleozoic rocks in the
Femald area are largely covered by Pleistocene sediments and fault traces older than Pleistocene
could be obscured. The historical record of seismicity and the absence of post-Wisconsinan faults
show that significant damage from local earthquakes at the FMPC is highly unlikely. Throughout
the 19th and 20th centuries no damaging earthquakes have been recorded within 71 miles of the
FMPC. Nine earthquakes caused minor damage within 71 to 199 miles of the FMPC, and one
earthquake caused localized moderate damage at Anna, Ohio, about 81 miles north of the FMPC.

3.7 LAND USE AND POPULATION

The land use surrounding the FMPC is mainly agricultural consisting of dairy, beef, com, and soy
bean production. Several industries, including Delta Steel, Albright & Wilson Chemical Company,
Ruetgers-Nease Chemical Company, two commercial gravel operations, and a cement plant are
located south of the site. The Miami Whitewater Forest, a Hamilton County park, is located five
miles to the southwest of the FMPC.

Scattered residences and several villages, including Fernald, New Baltimore, Ross, New Haven, and
Shandon, are located near the FMPC. The City of Cincinnati and its suburbs are 10 to 15 miles
southeast of the FMPC and the City of Hamilton is 8 miles to the northeast.. There is an estimated
population of more than 24,000 within a five-mile radius of the site.

The area surrounding the FMPC contains several sites of historical interest. The National Register
of Historic Places lists four prehistoric Indian sites within a three-mile radius. These include the
Adena Circle, the Demoret Mound, the Colerain Wdrk, and the Dunlap Work. The closest site, the
Colerain Work, is situated approximately one mile east of the FMPC. The State Historical
Preservation Officer reports that there are no known sites of archaeological significance on the
FMPC site. '

3.8 VEGETATION AND WILDLIFE

The following ecological data have been summarized from the report "Biological & Ecological Site
Characterization of the Feed Materials Production Center” (Facemire et al. 1990). Additional source
documents are appropriately cited in the text.

The FMPC lies in the Oak-Hickory Forest Section of the Eastern Deciduous Forest, as described by
Bailey (1978). Ecological communities consist of grazed and ungrazed pastures, two pine
plantations, deciduous woodlands, riparian woodlands, and a reclaimed fly ash pile area. These
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habitats are estimated to contain 47 species of trees and shrubs, 190 species of herbaceous plants,
13 mammal species, 98 bird species, 10 species of amphibians and reptiles, 21 species of fish, 47
families of benthic macroinvertebrates, and 132 families of terrestrial invertebrates.

Typical grasses found on the FMPC are red fescue, Kentucky bluegrass, timothy, and red top.
Herbs include teasel, red and white clovers, and goldenrod. The dominant tree species in the pine
plantations is white pine, with Norway spruce occurring occasionally. Common trees in the
deciduous woodlands are white ash, American elm, shellbark hickory, and slippery eim. Dominant
tree species in the riparian woodlands are eastern cottonwood, hackberry, American elm, and box
elder. The reclaimed fly ash pile is dominated by American elm, eastern cottonwood, and black
locust.

Mammal species observed on the FMPC include white-tailed deer, coyote, red fox, opossum,
raccoon, groundhog, eastem cottontail, and fox squirrel. Common small mammals are the white-
footed mouse, short-tailed shrew, meadow vole, meadow jumping mouse, and eastern chipmunk.

The most common birds breeding on site include the mouming dove, American robin, blue jay,
American crow, American goldfinch, northem bobwhite, and common grackle. Species occurring in
the greatest density are the goldfinch, song sparrow, and robin. Raptor species observed on
property are the northern harrier, red-shouldered hawk, Cooper’s hawk, red-tailed hawk, and

. American kestrel. The eastern screech owl and great homed owl are also common.

Amphibians and reptiles that occur on the FMPC include the American toad, spring peeper,-eastem
box turtle, and snapping turtle. Several species of snakes also occur on property, including the
eastemn garter snake, Butler's garter snake, black rat snake, northern water snake, and the queen
snake. Approximately 130 insect families from 15 orders are represented in FMPC habitats. Leaf
hoppers are abundant in all habitats, and less abundant groups include short-homed grasshoppers,
leaf beetles, springtails, fruit flies, dark-winged fungus gnats, ants, bees, and wasps.

Potential jurisdictional wetlands occupy areas along the railroad on the north side of the FMPC,
along Paddys Run, and in several drainageways. These habitats harbor small fish, amphibians, and
a variety of benthic macroinvertebrates. The most common fish are the bluntnose minnow, creek
chub, and stoneroller minnow. The most common benthic macroinvertebrates are non-biting
midges, riffle beetles, mayflies, and stoneflies.
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No federally listed threatened or endangered species have been observed on the FMPC or in its
immediate vicinity. Suitable habitat for one species of mammal listed as federally endangered, the
Indiana bat, occurs along Paddys Run; however, the Indiana bat was not found on property.
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4.0 NATURE AND EXTENT OF CONTAMINATION

This section presents the data collected within the Operable Unit 4 study area during the RI. These
data, along with available data from previous studies, were evaluated to determine the nature and
extent of chemical and radiological contamination within the Operable Unit 4 study area.

Most analyses of environmental samples collected from the Operable Unit 4 study area have been
limited to radioactive constituents. The following primary sources were reviewed for relevant
environmental sampling data to support the evaluation of the nature and extent of contamination
associated with Operable Unit 4:

*  Analytical results of samples collected as part of the RI/FS sampling effort (AS/IT
1990c)

e Analytical results of samples collected as part of the WMCO environmental
monitoring program (WMCO 1988 and 1989b; Frazier 1989)

e Analytical results of samples collected as part of the CIS (Weston 1987)

The radioactive materials present at FMPC originated from natural sources - pitchblende ore or con-
centrates. All elements found in natural sources with an atomic number greater than 83 (bismuth) are
radioactive (Friedlander et al. 1981). They belong to chains of successive decays, and all the species
in one such chain constitute a radioactive family or series. Three of these families include all the
natural activities in this region of the periodic chart. One family has U-238 as the parent

substance, and after 14 transformations (8 of them by a-particle emission and 6 by B-particle
emission) reaches a stable end product, Pb-206. This is known as the uranium series, which
includes radium and its decay products. Figure 4-1 shows the members and transformations of the
uranium series. The actinium series has U-235 (formerly known as actino-uranium) as the parent
and Pb-207 as the stable end product. This series is shown in Figure 4-2. Thorium (Th-232) is

the parent substance of the thorium series with Pb-208 as the stable end product. This series is
shown in Figure 4-3.

If they are not subject to chemical or physical separation, the members of a series attain a state of
radioactive equilibrium, wherein the rate of decay of each nuclide is essentially equal to that of the
nuclide that heads the series. This is always the case on a global basis for each series, but local
concentrations can vary widely when natural chemical forces separate the series members.
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FIGURE 4—2. PRINCIPAL DECAY SCHEME OF THE ACTINIUM SERIES

(25



LEE

ACAD\ DRAWINGS\ FERN-3

*d

[

SOURCE: N.C.R.P., 1987

23271 uaTh(RdTh)
1.4 X 100y 191y
4.0 Mev 5.3,5.4 MeV
c(MsThy)
6.13 h
2.2 MeV
2Ra(MsTh ) 224Rq(ThX)
58y 3.64 d
<0.1 MeV 5.7 MeV
220Qn(Tn)
55 s
6.3 MeVv
218 po(Tha) 212p4(The)
0.15 s 3 x 1077s
6.8 MeV 2/3| 8.8 MeV
212Bj(ThC) 7T
60.6 min
2.2 MeV 8
6.1 MeV a
212P
Beta Decay o(me) 11/3 208p1,(p)
Alpha Decay :
0.6 MeV Stable
2oa-n(-|-hc»)
3.1 min
1.8 MeV

FIGURE 4-3. PRINCIPAL DECAY SCHEME OF THE THORIUM SERIES




584"

FMPC-0406-5
October 29, 1990

Previous studies on the K-65 and metal oxide waste provide only radiological and metallic
composition; no organic constituents were analyzed. A review of metallic constituents is presented
under Section 4.1.2.

Throughout the course of the radionuclide data review for Operable Unit 4, one important
assumption is made: Ra-226 and Pb-210 are considered to be the indicators for radioactive
contamination present in soil and groundwater which has originated from the K-65 silos. Ra-226 is
a decay‘ product of U-238. The half-life of U-238 is 4468 x 10° years; therefore, the production
rate of Ra-226 from the refined uranium product is relatively low. However, the uranium refining
process at the FMPC removed most impurities from the uranium ore, including Ra-226. These
impurities were contained in the hot raffinate solutions sent to the K-65 waste storage silos. Ra-
226, which has a half-life of approximately 1600 years, is expected to be limited to the K-65 silos.
The highest concentrations of Ra-226 would be expected to appear in the silo contents or in
material originating from the silos. -

41 K-65 SILOS AND SILO 3

The RI sampling of the contents of the K-65 silos being conducted by ASIIT has not yet been
completed. The contents are scheduled to be resampled in mid to laté October 1990. Previous
attempts to sample the silo contents were unsuccessful because a continuous, representative sample
core could not be recovered for inspection and analysis. The variability and inconsistency of results
from previous sampling efforts precludes the use of the data for fully characterizing the silo
contents. The current sampling effort is being conducted in accordance with a detailed sampling
and analysis pian. Rigorous data verification and validation procedures are being applied.

As part of the RI the contents of the silos were sampled by WMCO during the months of May,
June, and July 1989. Sampling of Silos 1 and 2 was only partially successful because continuous
cores were not able to be recovered. Even though an average of 20 feet of penetration of the
material was achieved, there was no sample recovered in three locations. One sample contained
12.5 feet of core (66 percent core recovery); eight were less than 1.5 feet (4 to 9 percent recovery);
and four cores ranged from 3.25 to 4.25 feet (18 to 30 percent recovery). The samples obtained
from Silos 1 and 2 were essentially a collection of grab samples instead of continuous sample
cores. Figure 44 provides a summary of the core recovery results of the WMCO sampling effort.
The silo contents vary in color from white to brown to black. This variability in color may be due
to variability in chemical composition of the material. To recover continuous core samples for the
characterization of the silo contents, the silos will be resampled by ASI/IT as stated above.

FER/OU4RI/SA.132-5/10-29-90 4-5
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The sampling of Silo 3 was relatively successful.. Continuous 9- to 11-foot (28 to 35 percent) core
samples were recovered from 31 feet of material penetration. These cores and the data obtained
from analysis of core samples are considered adequate to characterize the contents of Silo 3 and to
support the FS. This is because all the material in Silo 3 was produced on property, all came from
the same waste stream, was calcined to produce a powder-like material, and air conveyed to the
silo. Thus the material is expected to be fairly homogeneous because of its source and how it was
processed and handled. Therefore, a 30 percent sample recovery should be nearly representative
and adequate to characterize the waste material in Silo 3. No additional sampling of Silo 3
contents is anticipated. The core recoveries for the Silo 3 sampling are presented in Figure 44,

4.1.1 Radionuclide Analysis
Historic analyses of the K-65 silo residues indicated that approximately 11,200 kilograms of

uranium (0.71 percent U-23S5) is present in the residues (Grumski 1987b; ASIIT 1988). Analytical
results of residue samples taken in July 1988 (Gill 1988) indicated that the uranium concentration
was 1400 ppm in Silo 1 and 1800 ppm in Silo 2. In addition, approximately 1.6 to 3.7 kilograms
of radium were estimated to be in the K-65 silo residues (Grumski 1987b; Liz 1974). Data from
these previous studies are summarized in Table 4-1.

Data from the WMCO sampling effort conducted in 1989 for Silos 1 and 2 are presented in Table
4-2. The concentration of Ra-226 in Silo 1 ranges from 89,280 pCi/g to 192,600 pCi/g; in Silo 2
- it ranges from 657 to 145,300 pCi/g. Th-230 concentrations in Silo 1 range from 10,569 to 40,818
pCi/g; 8365 to 40,124 pCi/g in Silo 2. The concentrations of Pb-210 in Silo 1 range from 48,980
to 181,000 pCi/g; and they range from 77,940 to 399,200 pCi/g in Silo 2. Total uranium concen-
trations in Silo 1 range from 1189 to 2753 ppm and they range from 137 to 3717 ppm in Silo 2.

The radium content of Silo 3 was previously estimated at between 15 curies (DOE 1988b) and 23
curies (DOE 1989). Therefore, radon emissions from Silo 3 are low compared to the K-65 silos.
The material stored in Silo 3 was estimated to contain 20 tons of uranium; the quantity of thorium
was unknown (DOE 1988b).

The results of Silo 3 core sample analysis from the 1989 WMCO sampling effort are presented in
Table 4-2. Ra-226 concentrations range from 467 to 6435 pCi/g, comparatively lower than the
results from Silos 1 and 2. Th-230 concentrations in Silo 3 range from 21,010 to 71,650 pCi/g,
which are almost twice as high as the Th-230 concentrations observed in the K-65 silos. Total
uranium was present in Silo 3 in concentrations ranging from 738 to 4554 ppm.

FER/OU4RI/SA.132-5/10-29-90 4.7
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TABLE 4-2
RADIONUCLIDE CONCENTRATION IN THE SILOS
(1989 Sampling Program)
SILO 1
Nuclide (pCi/g) SINE1A SINEIB SINEIC SI1SEl S1SE2 S1SW1  SINW1
Th-228 ND ND ND ND ND ND ND
Th-230 21,412 39,693 30,751 10,569 20,848 40,818 43,7711
Th-232 ND ND ND ND ND ND 766
Ra-226 108,100 192,600 166,400 116,800 89,280 181,200 16330
Ra-228 ND ND ND ND ND ND ND
Pb-210 181,100 83,110 77,460 71,920 48,980 69,480 54,350
U-234 815 326 622 663 814 594 897
U-235/236 ND ND . ND ND 56 ND 50
U-238 920 398 610 545 758 532 687
U-Total (ppm) 2753 1189 1831 1633 2280 1602 2066
SILO 2 _
Nuclide (pCi/g) S25w1 S2NW1 S2NE2 S25wW2 S2NE1 SNW2
Th-228 ND ND ND 411 ND 638
Th-230 31,825 32,784 8365 29,716 40,124 25391
Th-232 ND ND ND 851 ND ND
Ra-226 145,300 61,780 657 104,900 65,520 68310
Ra-228 ND ND ND ND ND ND
Pb-210 141,900 145,200 87,930 77,940 150,700 R340
U-234 859 1107 974 121 848 1404
U-235/236 ND 74 47 ND 36 70
U-238 661 1069 874 46 814 1240
U-Total (ppm) 1972 3210 2620 137 2437 3N

ND = Not Detected
Note: Data validation is currently in progress.

FER/OU4RUIK.132-5/10-29-90
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TABLE 4-2 (Continued)
SILO 3
Nuclide (pCi/g) # 21 # 22 #23 #24 #25 # 26
Ac-227 523 416 234 1363 534 706
Pa-231 521 401 266 NA 556 889
Th-228 907 ND 554 ND 459 859
Th-230 41911 = 33,88 21,010 71,650 40,968 41,555
Th-232 1451 ND - 815 911 411 ND
Ra-224 453 451 64 213 295 335
Ra-226 2589 2192 467 6435 3073 1862
Ra-228 525 559 82 ND 392 441
Pb-210 2437 2221 454 6427 2493 1910
U-234 1935 1618 348 1524 1467 1910
U-235/236 152 117 ND 127 54 76
U-238 2043 1649 320 1600 1392 1860
U-Total (ppm) 4040 4305 738 2595 3064 4554
SILO 3
Nuclide (pCi/g) # 27 # 28 #29 # 30 # 33
Ac-227 421 412 443 773 566
Pa-231 458 NA 564 931 431
Th-228 ND 996 537 ND 949
Th-230 53,227 63,649 61,190 68,759 65,488
Th-232 ND 755 672 581 672
Ra-224 370 106 137 449 313
Ra-226 1518 3702 4169 2240 4451
Ra-228 325 ND 117 360 415
Pb-210 1084 2589 3553 1942 3674
U-234 1317 1052 1843 1643 1600
U-235/236 80 42 158 75 118
U-238 1243 994 1951 1574 1878
U-Total 2740 1463 1114 4050 3854
NA = Not Analyzed
ND = Not Detected
Note: Data validation is currently in progress.
FER/OUARUIK.132:5710-3.90
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Silos 1 and 2 have distinctly- higher radium and lead concentrations than Silo 3. The presence of
these radionuclides in large amounts in the silos supports the assumption made previously that their
presence in the soil berm, the soil undemeath the silos, or the groundwater would indicate that the
K-65 silos are leaking. Although thorium and uranium are present in higher concentrations in the
Silo 3 contents than in the contents of Silos 1 and 2, these radionuclides are not indicative of a
specific source. The area around Operable Unit 4 and the FMPC boundary fenceline has been
monitored for direct exposure to penetrating radiation (gamma radiation). During 1988, the
boundary monitoring station exhibiting the highest average radiation exposure rate was the station
directly west of Operable Unit 4 at a distance of 340 meters (1116 feet), along the westem FMPC
site boundary (WMCO 1989b). The dose equivalent rate measurement for this location was an
annual average of 15.3 purem/hr; the maximum was 23.53 prem/hr; and the minimum was 11.56 |
prem/hr. Natural background radiation for the area surrounding the FMPC has been estimated to
range from 10 to 12 prem/hr. Section E.2.0 of Appendix E contains background concentrations for
the different media sampled in Operable Unit 4.

Radon flux density measurements from the surfaces of the K-65 silo domes were collected before
the installation of the foam covering. No flux measurements have been collected on dome surfaces
since foaming. Airbome radon concentrations at various locations on and off the FMPC site have
also been measured (Boback 1987, WMCO 1988 and 1989b). The sampling of the silo contents
will provide additional information on the quantity of radium in the waste. This information could
be used to estimate the radon flux densities after the installation of the foam covering.

The results of routine airbome radon concentration measurements that are performed as part of the
FMPC environment monitoring program are provided to DOE in the environmental monitoring
annual reports (WMCO 1989b). Airbome radon measurement data on samples collected in 1988
after the installation of the foam covering indicate that annual average background radon
concentrations range from 0.5 to 1.25 pCi/L. Off-site monitoring stations positioned at private
residences near the FMPC recorded annual average concentrations ranging from 1.13 to 1.65 pCi/L.
FMPC boundary fenceline monitoring stations recorded annual average concentrations ranging from
0.6 to 1.65 pCi/L, with the measurement of 1.65 pCi/L being recorded along the FMPC boundary
just west of the silos (Gels 1990).

ODH performed independent indoor and outdoor radon concentration measurements in the vicinity
of the FMPC (ODH 1988). The ODH established 16 outdoor radon monitoring stations around the
FMPC - 12 locations along the FMPC site boundary and 4 control locations distant from the

FER/OU4RI/SA.132-5/10-29-90 4-11
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FMPC. Analyses of the detectors located at the .site boundary closest to the K-65 silos and those
located distant from the FMPC do not reveal consistent significant differences in measured radon
concentrations (ODH 1988). The ODH report concluded that environmental measurements of radon
and radon progeny concentrations at the FMPC boundary closest to the K-65 silos are sufficiently
low that they often cannot be distinguished from variations in natural background concentrations,
and that measured concentrations do not appear to correlate with distance or prevailing wind
direction from the K-65 silos.

The conclusions made by the ODH are not very different from the airborne radon assessment made
in Appendix E of the Operable Unit 4 RI report and those produced on the previous page. Thus
the above-background contribution from the FMPC may be as high as the contributions from
natural background, or there maiy be no additional contribution at all from the site. Considering the
variation that occurs in background airbome radon concentrations, the potential for an above-
ground contribution to airbome radon from the site that is less than or equal to background is not
very different form the conclusions made by the ODH. The airbome radon assessment in Appendix
E of the Operable Unit 4 RI report employs the above-background airborme radon contribution
associated with the highest annual average airbome radon concentration along the western FMPC
boundary in order to incorporate a degree of conservatism. |

4.1.2 Chemical Analysis _
Chemically, the K-65 residues are mixtures of hydroxides, carbonates, and sulfates. Approximately

40 to 60 percent of the waste is silicates (SiO,); carbonates and sulfates comprise approximately 20
percent. The primary form of uranium contained in the residues is sodium uranyl carbonate
(Dettorre et al. 1981). Other elements contributing at least 1 percent to the total are calcium, iron,
magnesium, and lead. Table 4-3 presents a summary of the elemental, nonradioactive constituents
of the silos. Constituents in Silo 3 are residues from raffinate slurries that were dewatered in an
evaporator and spray calcined (DOE 1988a). The waste is in a dry, powder-like form. Principal
constituents of Silo 3 include aluminum, calcium, iron, magnesium, sodium, phosphate, silicates, and
sulfate (Table 4-3).

A total of 24 samples were collected from Silos 1, 2, and 3 by WMCO. These samples were
analyzed for HSL inorganics and organics. A summary of the analytical data for inorganic and
organic constituents is provided in Tables 44 and 4-5. Complete analytical results are included in
Appendix B. |

FER/OU4RI/SA.132-5/10-29-90 4-12
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TABLE 4-4
INORGANICS CONCENTRATION IN THE SILOS
1989 Sampling Program)

Contaminant

(ppm) Silo 1 Silo 2 Silo 3
Aluminum 60.4 - 1430 464 - 2570 10800 - 23700
Antimony ND ND - 7.2 ND
Arsenic 14.7 - 68.4 57.5 - 1960 532 - 6380
Barium 1970 - 7860 89.2 - 8370 118 - 332
Beryllium 0.88 - 2.8 0.66 - 6.0 10.0 - 39.9
Cadmium 2.1-80 34 - 19.1 21.5 - 204
Calcium 2150 - 5700 2430 - 301000 21300 - 39900
Chromium 21.0 - 165 129 - 68.8 139 - 560
Cobalt 349 - 1260 6.2 - 2430 ND - 3520
Copper 122 - 473 ND - 1790 1610 - 7060
Iron 4340 - 75100 4010 - 37800 13900 - 67600
Lead 35800 - 85100 153 - 29800 646 - 4430
Magnesium 1500 - 6020 1520 - 8740 38200 - 80900
Manganese 33.5 - 257 74.2 - 403 2420 - 6500
Mercury 023 -28 ND - 23 ND - 0.69
Nickel 629 - 2580 14.6 - 2200 1200 - 6170
Potassium 158 - 492 37.8 - 289 1300 - 22800
Selenium 106 - 180 ND - 118 101 - 349
Silver 5.0-233 ND - 228 9.2 - 2338
Sodium 360 - 13100 226 - 4070 22900 - 51700
Thallium ND - 0.52 ND - 14 3.1-739
Vanadium 72.2 - 240 219 - 214 418 - 4550
Zinc 144 - 212 11.2 - 154 301 - 672
Cyanide 052 -44 ND - 45 ND

ND = Not Detected , ,
Note: Data validation is currently in progress

FER/OU4RI/JIK. 132-5/10-29-90 4-14
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TABLE 4-5
ORGANICS CONCENTRATIONS IN THE SILOS

CONTAMINANT Silo 1 Silo 2 Silo 3
VOLATILE ORGANICS ANALYSIS DATA (ppb)
Methylene Chloride 840 - 4100 1100 - 6300 1000 - 2800
Acetone 140 - 5300 ND - 1600 3400 - 12000
Chloroform 480 - 1500 660 - 1300 560 - 810
2-Butanone 7100 - 21000 7800 - 15000 9700 - 16000
4-Methyl-2-Pentanone ND - 1400 ND - 2700 ND
Toluene ND - 430 ND - 250 180 - 6800
Trichloroethane . ND ND - 120 ND
Chloromethane ND ND ND - 140
Styrene ND - 350 ND - 200 ND
Total Xylenes ND ND - 200 ND
SEMIVOLATILE ORGANICS ANALYSIS DATA (ppb)
Bis(2-Ethylhexyl)Phthalate 93 - 6000 ND - 560 ND - 40
Di-n-Octyl Phthalate ND - 820 ND ND
PESTICIDE ORGANICS ANALYSIS DATA (ppb)
Aroclor-1248 ND - 8000 ND ND
Aroclor-1254 1100 - 14,000 420 - 6000 ND

ND = Not Detected
Note: Data validation is currently in progress.
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The results of the HSL analyses show that the principal inorganic constituents in Silos 1 and 2 are
barium, calcium, iron, lead, and magnesium. The principal inorganic constituents in Silo 3 are
aluminum, calcium, iron, magnesium, potassium, and sodium. The results of the inorganic analyses
are summarized in Table 44.

As Table 4-4 also shows, there are distinct differences in the concentrations of metals contained in
Silos 1 and 2 residues as compared to the results from Silo 3. Silos 1 and 2 contain a higher lead
content, and Silo 3 contains distinctly higher concentrations of aluminum, arsenic, chromium,
magnesium, manganese, potassium, and sodium. These characteristic differences have been utilized
to distinguish between any contamination that might have originated from Silos 1 and 2 and any
contamination that might have originated from Silo 3.

Extraction Procedure (EP) Toxicity was measured by using the EPA extraction procedure designed
to simulate the leaching a waste could undergo if it is disposed on in a landfill. After extraction,
the extract from each sample was analyzed for the EP Toxic metals. The results are summarized in
Table 4-6. Lead was found to have leached from the Silos 1 and 2 residue samples in
concentrations as high as 904 ppm and 714 ppm, respectively. The maximum concentration of
selenium in the leachate from Silo 2 was 1.56 ppm. These values are in excess of the maximum
allowable concentration (MAC) specified under federal standards. The leachate obtained from Silo
3 samples contained arsenic, cadmium, chromium, and selenium above the MAC. The highest
observed concentrations of these metals in the Silo 3 sample leachates were 41.5, 6.3, 11.9, and

11.7 ppm, respectively.

Several volatile organics were detected in the silo samples as summarized in Table 4-5. This table
indicates that methylene chloride, acetone, chloroform, 2-butanol, and toluene were detected in all
three silos (Silos 1, 2, and 3). 4-methyl-2-pentanone and styrene were detected in Silos 1 and 2.
Total xylenes and trichloroethane were detected in Silo 2, and chloromethane was detected in Silo
3. Phthalates were detected in all three silos. PCBs were detected in samples from Silos 1 and 2
with maximum concentrations of 14,000 and 6000 ppb, respectively. No PCBs were detected in
Silo 3.

Many of the detected organics were also detected in laboratory method and system blanks. No
field or trip blanks were available for analysis. Two chemicals, trichloroethane and chloromethane,
were detected only once in all samples taken.

FER/OU4RI/SA.132-5/10-29-90 4-16
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EP TOXIC METALS RANGE OF VALUES FOR K-65 AND METAL OXIDE SILOS

(1989 Sampling Program)

Maximum
Allowable
Analyte Silo 1 Silo 2 Silo 3 Concentration
Arsenic (ppm) ND - 0.484 0.163 - 0.592 ND - 415 5.0
Barium (ppm) 0.079 - 145 0.095 - 2.62 0.020 - 0.156 100
Cadmium (ppm) ND - 0.100 0.017 - 0.278 0.108 - 6.32 1.0
Chromium (ppm) 0.020 - 0.§64 ND - 1.02 0.336 - 11.9 5.0
Lead (ppm) 0.159 - 904 0.155 - 714 ND - 1.01 5.0
Selenium (ppm) 0.217 - 0.997 0.240 - 1.56 092 - 11.7 1.0
Silver (ppm) ND - 0.121 ND - 0213 ND - 0.032 5.0
Mercury (ppm) ND ND ND - 0.003 0.2
ND = Not Detected
Note: Data validation is currently in progress.
FER/OU4RUIK.132-510-29-90
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However, at present, the presence or absence of hazardous substance list (HSL) volatile organic
compounds cannot be accurately determined because the holding times for these compounds were
exceeded by more than three months. However, it is expected that during the resampling of the K-
65 silos these compounds will be analyzed within the required holding times.

Silo 4 Water

Currently there is standing water in Silo 4. Radiological and chemical analyses of water samples
collected from Silo 4 in June 1989 indicate that although the silo was never used, there are
quantities of uranium isotopes and inorganic chemicals present (Table 4-7). The low concentration
of these materials in Silo 4 are consistent with the likely scenario that their presence is due to
resuspension of materials from the nearby waste storage pits, subsequent atmospheric transport, and
deposition onto the silo dome and percolation of rain water into the silo. Removal of the water
contained in Silo 4 will be conducted either as part of the routine plant maintenance process or as
part of a planned facilities upgrade program. No further action is recommended for Silo 4.

4.1.3. Geotechnical Analysis
Silos 1 and 2 contain waste raffinate slurries that were decanted by means of baffles and weirs

placed along the height of the silo wall. Over the years the waste slurries have settled to form a
wet muddy-looking material that is a mixture of clay and silty sand particles. During WMCO's
1989 sampling effort, this material was easily penetrated by the LEXAN sampling tube, which
reached to the bottom of the silos. This indicated that the material might be in a sludge-like
condition. Free liquid was occasionally observed during the course of the sampling.

Silo 1 contains material that is brown; Silo 2 contents vary in color from white to brown to black.
Water content for the materials in both silos is consistently high ranging from 21.8 to 73.5 percent.
The specific gravity is between 2.59 and 3.37. Only two out of eight samples taken from the silos
were plastic. Table 4-8 provides a summary of results from the geotechnical analyses.

Metal Oxide Silo 3 contains waste raffinate slurries that had been dewatered in an evaporator and
spray calcined to produce a dry powder-like waste. The material in this silo is brown with a tone
that varies from dark to reddish. As a result of the evaporation and calcination of this waste, the
water content is very low ranging between 3.7 and 10.2 percent. The specific gravity varies ‘
between 2.08 and 2.75. Approximately 90 percent of the Silo 3 residues pass through a 200-mesh-
sieve (0.074 mm). This size designation is the break between sand and silt. All the samples

FER/OU4RI/SA.132-510-29-90 4-18




384

NA = Not Analyzed
Note: Data validation is currentdy in progress
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TABLE 4-7
SILO 4 WATER ANALYTICAL RESULTS
(1989 Sampling Program)
Sample ID
Concentration
Analyte Units S4-NW-1R S4-SE-1R
Ra®* (pCiM) <4.8 <4.8
Ra® (pCiN) <4.8 <4.8
Th*> (pCiN) <0.16 <0.19
Th*® (pCiN) <0.26 <0.31
Th™® (pCiN) <0.20 <0.24
U™ (pCiN) 22 16
U= (pCiN) 1.2 1.3
U (pCiN) 0.52 0.32
| (pCin) 39 42
Sample ID
. Concentration

Analyte Units S4-NW-2R S4-SE-2R
Silver (rpb) 4 4
Aluminum (ppb) <200 <200
Arsenic (ppb) 21 20
Barium (ppb) <5 <5
Beryllium (ppb) <1 <1
Calcium (ppm) 3.2 3.2
Cadmium (ppb) <4 <4
Cobalt (ppb) <20 <20
Chromium (ppb) 21 21
Copper (prb) 11 11
Iron (ppb) 74 145
Mercury (rpb) <0.2 <0.2
Potassium (ppm) 181 201
Magnesium (ppm) 1.0 1.0
Manganese (ppb) 3 3
Sodium (ppm) 294 294
Nickel (ppb) <10 <10
Lead (ppb) 1 <1
Antimony (ppb) NA NA
Selenium (ppb) 41 35
Thallium (ppb) <10 <10
Vanadium (ppb) 32 32
Zinc (ppb) 78 21
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collected from Silo 3 were nonplastic (Table 4-8). The physical characteristics of the Silo 3
contents suggest the material is immobile.

42 K-65 SILO EMBANKMENT AND SUBSOIl. SAMPLING

No sampling of the K-65 silo embankment, and only limited sampling of the soils beneath the silos,
has been conducted. As discussed in Section 2.2 of this report, a sampling prograin has been
planned under the RI/FS to address these environs.

The primary concern regarding the embankment soils is that as high levels of Ra-226 in Silos 1
and 2 decay to -®n-222, the radon will diffuse through the silo walls into the embankment soil
surrounding the silos. As radon diffuses through the silo walls and soil, it decays and its progeny
are deposited. Two of these daughters, Pb-210 and Po-210, have sufficiently long half-lives to
accumulate in the embankment soil. No chemical or radiological characterization of the K-6S silo
embankment soils has been performed to date; therefore, the significance of this potential
accumulation cannot be fully assessed at this time.

The subsoils beneath .the waste storage silos are of concern because of previous reports that Silo 1
has leaked. The full nature and extent of contamination beneath the silos cannot be evaluated
based on the existing data collected by NLO in 1983. One borehole was located south of Silo 1,
and the other borehole was located southwest of Silo 2 near the decant tank. These data consist of
soil samples collected from two diagonal borings drilled beneath the silos. Analysis of these soil
samples identified the presence of uranium and radium in the soil in concentrations ranging from
0.77 t0 9.66 pCi/g and 0.68 to 1.2 pCi/g of soil, respectively. The concentrations of Ra-226 are
below background levels for soil (1.5 pCi/g). Samples were collected at four approximately equal
incremental depths starting at 5 feet and going to 20 feet below land surface. The highest
concentrations were observed in the first eight feet below land surface (Vogel 1989a).

Although the uranium and radium may have originated from the silos, there is no conclusive
evidence to support this assertion or to ascertain if the contamination was caused by noncontinuing
activities at the time of silo filling. Additional sampling and analysis is required to determine the
nature and extent of contamination beneath the waste storage silos. These data are critical because
they establish whether or not the waste storage silos are current contributors to soil and
groundwater contamination.
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4.3 SURFACE RADIATION MEASUREMENTS

Gamma exposure rate measurements were made at a height of three feet above the ground surface
during the mobilization phase of the CIS to estimate personnel exposure while working in the waste
storage area (Weston 1987). The CIS included several exposure rate measurements along the

* perimeter fence of the waste storage silos. A Reuter Stokes Model RS-111 PIC and a portable

scintillation detector (Eberline SPA-3) were used to conduct the exposure rate measurements in
areas in which the exposure rates were less than 100 microroentgen (UR/hr). Where exposure rates
exceeded 100 puR/hr, an Eberline Model HP-270 energy compensated Geiger-Mueller (GM) probe
coupled to an Eberline PRS-1 ratemeter/scaler was used. Elevated exposure rates were found in the
vicinity of the waste storage silos. The highest exposure rate measured was 230 uR/hr along the
northem perimeter fence surrounding the K-65 silos. FIDLER readings were taken along the
northem edge of the Operable Unit 4 study area and beta-gamma dose rates were determined in the
area surrounding the metal oxide silos with an Eberline Model HP-210T pancake-type thin-window
GM detector. In general, the FIDLER and GM beta-gamma measurements were used in the CIS to
determine soil sampling locations; however, the exposure rate data from soils in the Operable Unit
4 study area were ambiguous with respect to quantifying soil radioactivity.

During the RI, a number of additional walkover measurements using the FIDLER and SPA-3 were
taken within the Operable Unit 4 study area. The exposure rate was measured with the SPA-3 at
10 nodes and with the PIC at 2 nodes within the Operable Unit 4 study area. These data are
provided in Appendix A.

The FIDLER survey was directed primarily toward detecting the 63 keV gamma emitted from Th-
234, a uranium progeny. Although the FIDLER has the potential to discriminate against higher
energy gamma emissions, the exposure rate contribution from the K-65 silos produced excessive
interference. The use of shielding to reduce radiation interference from the K-65 silos was
ineffective. As a result, FIDLER measurements did not enable reliable quantification of
contributions from surface soils within the Operable Unit 4 study area; therefore, the surveys
conducted within the Operable Unit 4 study area using the FIDLER provide supplemental exposure
rate data rather than identifying radioactively cont