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EXECUTIVE SUMMARY

The Feed Materials Production Center (FMPC) located near the
unincorporated village of Fernald, approximately 20 miles
northwest of Cincinnati in southwestern Ohio, was constructed
in 1951 to produce high purity uranium metal for use at various
Department of Energy facilities. The production facilities
consist of eight separate operations plants that have used a
wide variety of chemical and metallurgical processes on ore
concentrates, recycled uranium from spent reactor fuel, or
various uranium compounds. The waste products from these
operations include: general uncontaminated scrap and refuse,
contaminated and uncontaminated metal scrap, waste oils,
low-level radioactive waste, co—contaminated wastes, mixed
waste, toxic waste, sludges from water treatment, and fly ash
from the steam plant. This material has been stored in desig-
nated areas and is estimated to total more than 350,000 cubic
meters. Most of the process waste is contained in pit nos. 1
through 6, which were excavated in the area west of the pro-
duction facility. Other wastes stored in this area include:
laboratory chemicals and other combustible materials in the
burn pit; fine waste stream sediments in the clear well; f£fly
ash and waste oils in the two fly ash areas; lime—-alum sludges
and boiler plant blowdown in the lime sludge ponds; and non-
radioactive sanitary waste, construction rubble, and asbestos
in the sanitary landfill.

As part of the comprehensive waste management and environmental
program at the FMPC, specific alternatives are being developed
and evaluated for the final disposition of the waste inventory
currently stored at the site. Selective investigations have
been conducted to characterize the material contained within
the approximate 100-acre Waste Storage Area. Detailed surveys
of the geophysical properties of the area and the chemical and
radiological characterization of the stored waste have been
published (Roy F. Weston, Inc., 1987a and b). This document
describes the radiological characterization of the surface
soils throughout the Waste Storage Area, associated on-site
drainages, and the fly ash piles.

The initial step in the investigation was to provide detailed

sampling and analytical plans and procedures to be used in the

field and 1laboratory; health and safety procedures to ensure
worker and public protection; and methods to ensure and control
the proper collection of data, as well as their review, stor-
age, analysis, and reporting.
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A grid was constructed throughout the study area by having a
licensed surveyor provide perpendicular 1lines from an estab-
lished monument in order to accurately 1locate exact sampling
locations. Gamma exposure rate measurements were made at 146
locations during the mobilization phase to assess the expected
doses to personnel working in the storage areas. Readings of 13
to 20 microR/hr were common in the waste pit and fly ash areas.
Elevated rates were noted immediately west of the production
area (70 microR/hr) and in the vicinity of the K-65 silos (230
microR/hr).

A systematic survey of the surface soils throughout the Waste
Storage Area, associated on-site drainages, and the fly ash
piles was conducted using a Field Instrument for Detecting
Low-Energy Radiation (FIDLER). This provided a screening
mechanism for the distribution of surface deposits of radio-
activity and indicated where soil samples were to be collected.
Verification of activity concentrations was made by taking
beta-gamma dose rate measurements using a Geiger Mueller (GM)
detector. Approximately 24,400 locations were surveyed with the
FIDLER, initially at 50-foot grid nodes, and, when scanning
within grids indicated elevated readings, along a finer 6.5-ft
by 6.5-ft grid. Approximately 2,500 soil samples up to 18

- inches deep were taken at locations where the FIDLER indicated

that U-238 activity concentrations exceeded 35 pCi/g. All soil
samples were sent to the on-site gamma spectroscopy laboratory
where estimations of radionuclide activity concentrations were
made for U-238, Ra-226, Th-232, C(Cs-137, and Ru-106. Further
analysis was performed on samples showing the highest activity
concentrations. Two hundred and twenty-six samples were sent to
an off-site laboratory to determine the isotopic activity con-
centrations of uranium and thorium and to identify radio-
nuclides not readily detectable by gamma-spectral techniques,
i.e., Sr-90, Tc-99, Pb-210, Np-237, and isotopes of plutonium.

The data from the surface soils radiological characterization
may be compared to that obtained at 15 background stations
located in the vicinity of the FMPC but at distances large
enough to be free of influence from site activity. The back-
ground radionuclide activity concentrations ranged from 0.7 to
1.2 pCi/g for U-238, 0.7 to 1.0 pCi/g for U-234, 0.7 to 1.3
pCi/g for Th-230, 0.5 to 1.2 pCi/g for Th-232, 0.5 to 1.0 pCi/g
for Ra-226, <0.1 to 0.8 pCi/g for Cs-137, <1.0 for Ru-106, and
<0.1 for the plutonium isotopes.

Results of the soil sample analysis indicate that wuranium is
the most prevalent radioactive element in surface soil and that
U-238 is the principal radionuclide, ranging from 2.2 to 1,790
pCi/g in the general Waste Storage Area. The maximum values for
the next highest activity concentrations in the same area were

ES-2
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972 pCi/g for Th-230 and 298 pCi/g for U-234. Elevated activity
concentrations of Th-230 were found along the K-65 slurry line,
the maximum at 3,010 pCi/g. Other radionuclide concentrations
of note along the slurry line were: Th-232 at 866 pCi/g, Tc-99
at 602 pCi/g, Ra-226 at 137 pCi/g, and Pb-210 with a maximum of
169 pCi/g. The drainage paths in the vicinity of the waste pits
had low radioisotope activity concentrations.  in their surface
soils. U-238 had the highest value of 761 pCi/g in the drainage
just south of pit no. 5. The upper fly ash area had the highest
radionuclide activity concentrations in the surface soils with
the maximum values for U-238 at 8,600 pCi/g, U-235 at 2,190
pCi/g, U-234 at 11,400 pCi/g, Tc-99 at 594 pCi/g, Ra-226 at 279
pCi/g, and Th-230 at 164 pCi/g. For radionuclides such as
Cs-137, Ru-106, Np-237, Sr-90, Pu-238, and Pu-239/240, only
minor concentrations were observed throughout the site.

Despite the maximum elevated activity concentrations quoted
above, in general, the frequency distribution of radionuclides
in the study indicates that the preponderance of sample activ-
ity concentrations was at the low end of their range. For
example, 70 percent of the U-238 activity concentrations were
less than 35 pCi/g. Th-232 activity concentrations showed that
35 percent were less than 1 pCi/g, or background, and 91
percent were less than 5 pCi/g. Seventy-four percent of the
Cs—137 activity concentrations were at. or near background and
98 percent were less than 3 pCi/g. Sixty-five percent of the
Ra-226 activity concentrations were less than 2 pCi/g and 87
percent were less than 5 pCi/g. '
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SECTION 1
INTRODUCTION

The purpose of this volume is to present the results produced
by that portion of the Characterization Investigation Study
associated with the evaluation of surface soils in the Waste
Storage Area for possible above background 1levels of radio-
nuclides. The areas surveyed included the vicinity of the waste
pits; the covers of pit nos. 1, 2, 3, and 4; the sanitary
landfill; the south lime sludge pond; two fly ash piles; the
K-65 slurry line; and various drainages. Other portions of the
study are reported in documents described in Subsection 1.2.

1.1 HISTORICAL BACKGROUND

1.1.1 Location

The Feed Materials Production Center (FMPC) is located near the
unincorporated village of Fernald in the valley of the Great
Miami River approximately 20 miles northwest of Cincinnati in
southwestern Ohio. The unincorporated wvillages of New Balti-
more, Venice (i.e., Ross), and Shandon are within a few miles.
Hamilton, Ohio, 1is approximately 10 miles to the northeast.
Specifically, the FMPC occupies parts of Sections 30 and 31,
Township 3 North, Range 2 East; and parts of Sections S5, 6, 7,
and 8, Township 2 North, Range 2 East.

The FMPC comprises 1,050 acres, of which approximately 850
acres are in northern Hamilton County and approximately 200
acres are 1in southern Butler County. The production area
encompasses approximately 136 acres in the center of the FMPC.

The FMPC is bounded roughly by State Highway 126 to the north,
a transmission line to the east, Willey Road to the south, and
Paddy's Run Road and the Ohio and Chesapeake Railroad to the
west (Figure 1-1). ‘

1.1.2 Production Activities

The FMPC was constructed in 1951 to produce high purity uranium
metal in several physical forms for use at various DOE facili-
ties.

A wide variety of chemical and metallurgical processes is

utilized at the FMPC. Figure 1-2 is a schematic of these pro-

cesses (ORAU, 1985).

1826B
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Several radionuclides are known to be present in feed materials
processed, stored, or disposed of at the FMPC. U-235 enrich-
ments in raw materials range up to approximately 2 percent. The
maximum product enrichment is 1.25 percent, and the average
product is slightly depleted. A small amount of thorium
processing has also been performed in the past, but presently
thorium is only stored on-site. Small quantities of fission
products (e.g., Sr-90, Cs-137, Ru-106, and Tc-99) and trans-
uranics may also be contained in some plant effluents and
wastes as a consequence of processing some recycled feed
materials (ORAU, 1985). In addition, other nonuranic radio-
nuclides (e.g., neptunium and plutonium) have been found in
plant effluents. Raw feed materials containing very low
concentrations of plutonium were used as late as May 1986
(Employee Bulletin, 1986). i

In general, production facilities at the FMPC consist of eight
separate operations plants. Uranium production begins at the
sampling plant with ore concentrates, recycled uranium, or with
various uranium compounds. At the Refinery, these materials are
dissolved in nitric acid and the uranium is extracted into an
organic liquid and then back-extracted into dilute nitric acid
to yield a solution of uranyl nitrate (NLO, 1985a). The uranyl
nitrate is evaporated and heated to convert the solution to
uranium trioxide (UO3) powder. In the Green Salt Plant, the
UO3 1is reduced to uranium dioxide (UO3) with hydrogen and

then converted to uranium tetrafluoride (UF,) by reaction -

with anhydrous ‘hydrogen fluoride. In the Metals Production
Plant, UF, and magnesium are combined in a refractor-lined
reduction vessel to produce uranium metal through a thermite
reaction. This primary uranium metal is then re-melted with
available scrap uranium metal to yield purified uranium ingots,
which are extruded to form rods or tubes. Sections are then cut
and machined to final dimensions. Primary metal and metal
castings of other shapes are also final products (NLO, 1985a).

1.1.3 Historic Disposal Practices

1.1.3.1 General Description of FMPC Wastes

Wastes stored at the FMPC include: general uncontaminated
scrap and refuse, contaminated and uncontaminated metal scrap,
waste oils, 1low-level radioactive waste, co—contaminated

wastes, mixed wastes, toxic waste, and fly ash from the steam

plant.

Wastes currently stored at the Waste Storage Area and elsewhere
at the FMPC are estimated as totaling more than 3.5 x 105 cu
m (ORAU, 1985).

1826B
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The radionuclides encountered at the FMPC are generally
uranium, thorium, and the radioactive daughters of each. The
processing of recycled compounds has introduced transuranic
radionuclides, such as plutonium and neptunium, as well as
fission fragments such as ruthenium and technetium (present in
the FMPC effluent). Other radionuclides are present in trace
quantities (NLO, 1985b). In addition, the FMPC has been desig-
nated as the DOE thorium storage center, and approximately
1,050 metric tons of thorium feed material and products are
stored on-site (ORAU, 1985).

Other wastes stored include: 1,1,1-trichloroethane, spent
barium chloride salt, methylene chloride/perchloroethylene

solvent, various caustic bases and acids (e.g., anhydrous -

ammonia and hydrofluoric acid), contaminated waste oil, PCB
wastes, and construction rubble and debris (NLO, 1985b; ORAU,
1985; Dames & Moore, 1982). :

The historic waste storage facilities at the FMPC consist of
six waste pits (numbers 1 through 6), two concrete silos (K-65
silos 1 and 2), two additional concrete silos (metal oxide
silos 3 and 4), a burn pit, the clear well, fly ash disposal
areas 1 and 2, sanitary landfill, and two lime sludge ponds.
The six waste pits, four concrete silos, burn pit, clear well,
and sanitary 1landfill are 1located west of the production
facility within the fenced controlled area known. as the Waste
Storage Area (Figure 1-3). The fly ash areas are located
southwest of the production area. '

Waste Pits

The waste pits consist of waste pit nos. 1 through 6, the burn
pit, and the clear well. They are numbered chronologically in
their order of construction. The pits also are typically
referred to as "wet" 1if they received waste in slurry form (3
and 5), or "dry" if they received solid waste from trucks (1,
2, 4, and 6). Table 1-1 describes the characteristics of the
Waste Storage Area and an approximate inventory of stored
wastes based on a very limited amount of historical informa-
tion. No characterization studies of the pits were performed
prior to the Characterization Investigation Study.

Transport of solid wastes to the pits depended upon the types
of wastes generated and the types of storage containers. In
general, drummed wastes were transported on semiflatbed
trailers, metal dumpsters were carried by dumpster vehicles,
bulk wastes were transported by dump trucks and dump trailers,
and drummed pyrophoric metal was conveyed on four-wheeled
flatbed trailers pulled by tow tractors (NLO, 1977).
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At the Waste Storage Area, dump trucks, dump trailers, dumpster
units, and drummed wastes were emptied directly onto the pits’
edges. The materials were then pushed into the pits by either a
bulldozer or a dragline scraper (NLO, 1977). Loose contamina-
tion was washed from bulldozers, dragline scraper, vehicles,
dumpster, and fork trucks with water at the pits. Empty drums
were washed in the drum washing facility.

Liquid wastes were transported between the general sump and the
Waste Storage Area via two 6-inch diameter pipes (Dames and
Moore, 1982). These pipes exited the production area on the
west side enclosed in a concrete trench that was covered with
slabs of concrete. The trench extended to the fence of the K-65
tanks at which point the pipes turned north and were buried
underground. The two pipes then branched with one running north
between pit nos. 2, 3, and 4 to pit no. 5, while the other ran
‘west to the clear well.

On the southern dike of pit no. 5, the pipe from the general
sump connected to three berm valves. With these wvalves, the
liquid wastes could be directed from the general sump to pit
nos. 4 or 5, from either of the two pits to the other, and from
either pit back to the general sump (Dames and Moore, 1982).

An additional pipe originated in the tower at the west end of
pit no. 5 and extended, buried in the dike of pit no. 3, to the
clear well. This .pipe transported pit no. 5 supernatant to the
clear well. The other 6-inch pipe,  which connected the clear
well and the general sump, was used to transport clear well
effluent back to the general sump (Dames and Moore, 1982).

Waste pit no. 1, constructed in 1952, was excavated into an
existing clay lens and lined with clay excavated from the burn
pit (H&R, 1986). The capacity of the waste pit was expanded by
the addition of a berm on the west end in 1957 to provide a
total capacity of 40,000 cubic yards (cu yd). The waste
material that was placed in the waste pit consisted primarily
of neutralized waste filter cakes, production plant sump cakes,
depleted slag, scrap graphite, contaminated brick, and sump
liquor. Although the majority of the wastes were dry solids,
decant pipes were constructed <through the west berm. These
pipes were used rarely (NLO, 1985c). The quantity of wuranium
placed in the pit is estimated at 52,000 kg. Waste pit no. 1
was closed in 1959, backfilled, and covered with clean fill
dirt (NLO, 1985c). Surface water runoff 1is diverted to the
clear well prior to its discharge to the Great Miami River.

Waste pit no. 2 was constructed in 1957 and operated from 1957
to 1964 (H&R, 1986). This pit was constructed near a small pond
east of waste pit no. 1 and lined with a compacted on-site
native clay 1layer (Dames and Moore, 1982). Waste pit no. 2
received primarily dry, low-level radioactive wastes consisting
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of neutralized waste filter cakes, sump cakes, depleted slag,
contaminated brick, sump 1liquor, and concentrated raffinate
residues. As with pit no. 1, decant pipes were located through
the west berm. The pit holds approximately 13,000 cu yd of
wastes that contain approximately 1,206,000 kg of uranium and
approximately 400 kg of thorium. The waste pit has been covered
with £ill and graded to provide surface drainage to the clear
well for subsequent discharge to the Great Miami River.

Waste pit no. 3 was constructed in 1959 by excavating into the
underlying clay lens and placing a layer of clay along the pit
walls (Dames and Moore, 1982). Waste pit no. 3 was operated as
a settling basin from 1959 to 1968, receiving wet waste streams
consisting of 1lime—-neutralized radioactive raffinate concen-
trate. from the Recovery Plant, the general sump, and water
treatment sludges (H&R, 1986; NLO, 1985c). From 1975 to 1977,
the waste pit was used to dispose of slag leach residue, filter
cakes, fly ash, and lime sludges. The pit contains an estimated
227,000 cu yd of wastes, including 129,000 kg of uranium and
400 kg of thorium. The pit was retired in 1977, and £fill was
placed over the waste. Surface water runoff is diverted to the
clear well prior to discharge to the Great Miami River.

Waste pit no. 4 was constructed in 1960 and used until May
1986. This pit was constructed similarly to pit no. 3 with a
liner consisting of 2 feet of compacted clay on the sides and
bottom. Waste pit no. 4 received process residues, trailer
cakes, slurries, raffinates, graphite, noncombustible trash,
and asbestos (H&R, 1986; NLO, 1985c). The pit contains an
estimated 53,000 cu yd of waste, including more than 3 million
kg of uranium and 61,800 kg of thorium.

Waste pit no. 5 was constructed in 1968 and operated from 1968
to 1983 (H&R, 1986; NLO, 1985¢c). The pit was 1lined with a
60-mil thick Royal-Seal EPDM elastomeric membrane. Occasional
joint failures and tears occurred above the water line and were
noticed during routine inspection at various times and ascribed
to weathering effects (NLO, 1985c¢). The corrective action has
been to re—-glue the seam and patch the tears. As with pit no.
3, this waste pit received 1liquid waste slurries from the
Refinery and the Recovery Plant, including neutralized raffi-
nate settled solids, slag leach slurry, sump slurries, and lime
sludge. The waste volume consists of approximately 102,500 cu
yd, containing 50,309 kg of uranium and 17,000 kg of thorium
(H&R, 1986). : _

Waste pit no. 6 was constructed in 1979 and operated until 1985
- (H&R, 1986). Pit no. 6 was constructed in the same manner as
waste pit no. 5 and lined with a similar synthetic liner. Minor
tears above the water line have been observed and repaired.
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Noncoarse solid wastes, including green salt, filter cakes, and
process residues, containing elevated levels of uranium have
been stored in the pit. Prior to March 1987, rainfall that had
collected in the pit was pumped to waste pit no. 5 for settling
prior to discharge via the clear well. Collected rainfall is
transferred currently to nearby wastewater treatment facilities
prior to discharge. The current waste volume is approximately
9,000 cu yd, which consists of 843,142 kg uranium (H&R, 1986).
The capacity of waste pit no. 6 has not been reached; however,
the pit is currently retired.

The burn pit was constructed in 1957 as a site to excavate clay
to line waste pit nos. 1 and 2. The burn pit was subsequently
used to dispose of laboratory chemicals and to burn combustible
materials, including pyrophoric and reactive chemicals, oils,
and other low-level contaminated combustible materials (H&R,
1986). The actual inventory of materials or chemicals that were
dlsposed of in the burn pit is unknown. The boundaries of the
burn pit are no 1longer discernible from covered p1t no. 4
(Lechel, 1986).

The clear well receives surface runoff from the waste pit area.
The clear well was used until March 1987 as a final settling
basin for process flows from pit nos. 3 and 5 prior to
discharge to thé Great Miami River via the FMPC NPDES discharge
point.

Waste Storage Silos

The waste storage silos are located south of the waste pit
areas as shown in Figures 1-1 and 1-3.

The four 80-foot diameter silos were constructed with floors of
4-inch concrete over an 8-inch layer of gravel containing an
underdrain system of 2-inch slotted pipe draining to a
collection tank (NLO, 1985c). Below the gravel 1is a 2-inch

layer of asphaltic concrete underlain by 18 inches of compacted -

clay. The walls are 8-inch thick pre- and post-stressed
concrete with a 0.75-inch gunite coating on the exterior. The

silos' domed roofs taper from 8 inches thick at the silo walls

to 4 inches thick at the apex.

Waste raffinate slurries were pumped into the K-65 silos where
the solids would settle. The clarified liquid was then decanted
through valves placed along the 26-foot height of the silo wall
and sent to the refinery sump. As the depth of solids reached
the level of the valve, it was sealed and the next higher valve
was used to decant liquids. Settling and decanting were contin-
ued in this way until the silos were filled to approximately 4
feet below the top of the vertical wall (NLO, 1985c).
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From 1952 through 1959, more than 7,200 cu yd of residues
resulting from the processing of pitchblende ores were disposed
of in the K-65 silos (H&R, 1986). This residue contains 11,200
kg of uranium as well as radium and trace amounts of precious
and heavy metals.

In 1964, the walls of the silos were covered with an earthen
embankment to provide protection and structural support and to
minimize direct radiation. In 1979, all obviously visible tank
openings were sealed. The earthen embankment was further
enlarged in 1983 to alleviate observed soil erosion on the
slopes. Following identification of cracks in the center
portion of the domes of the silos, protective covers consisting
of prefabricated wood, neoprene, hypalon, and metal structures
were placed over the domes of silos 1 and 2 (H&R, 198s6).

Metal oxide tank 3 contains waste raffinate slurries that had
been dewatered in an evaporator and spray calciner -to produce a
dry, powder-like waste. This calcined waste was pneumatically
conveyed to the tank. Excess conveying air was filtered through

a baghouse dust collector (NLO, 1985c). Metal oxide tank 4

remains empty.

Metal oxide tank 3 has a design similar to those of silos 1 and
2. From 1952 through 1959, more than 5,100 cu yd of calcined
residues were placed in the silo. -These residues contain
‘approximately 18,000 kg wuranium, some metal oxides, heavy
metals, and radium.

Fly Ash Disposal Areas

The fly ash disposal areas are located southwest of the produc-
tion area (Figure 1-1). Fly ash resulting from the coal-fired
boiler plant is loaded into dump trucks and transported to the
disposal area (H&R, 1986). The inactive, retired upper pile
contains approximately 50,000 cu yd of fly ash and is sparsely
covered with soil and vegetation. Approximately 1,000 kg of
uranium are present from the spreading of waste oils over the
fly ash to control dust. The active lower pile located south-
east of the 1inactive site currently contains approximately
33,000 cu yd of fly ash.

The area known as the southfield is encompassed by the areas
including the fly ash piles. The southfield area 1is directly
north of the inactive fly ash pile (H&R, 1986). This area was
reported to be the repository for belowground disposal of con-
struction rubble containing low levels of radioactivity. Radio-
logical surveys indicate that the soil in this area contains
elevated levels of radionuclides (H&R, 1986).
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Lime Sludge Ponds

Spent lime from FMPC Water Treatment Plant operations (lime-
alum sludges and boiler plant blowdown) are conveyed to two
unlined ponds for storage (Figure 1-3). Each pond is approxi-
mately 100 feet by 200 feet by 6 to 8 feet deep with a total
volume of 5,000 cu yd per pond. One pond is completely filled
and retired. The other is approximately 90 percent full. No
hazardous materials are recorded as being received at the lime
sludge ponds.

Sanitary Landfill

The FMPC sanitary landfill is located on a 3-acre tract in the
northeast corner of the Waste Storage Area (Figure 1-3). The
facility is organized into 17 individual cells, 5 of which are
full and out of service. The 12 remaining cells are awaiting
issuance of an OEPA Permit to Install. Each cell is estimated
to provide approximately 2,080 cu yd of gross disposal volume.
Materials that have been accepted at the facility include:
nonburnable, nonradioactive sanitary wastes generated on-site
(20 cu yd/wk); and nonradioactive construction-related rubble
(variable quantity). Small quantities of nonradioactive
asbestos are also deposited in the facility.

1.2 DEVELOPMENT OF THE CHARACTERIZATION INVESTIGATION
STUDY (CIS)

1.2.1 General Background

As part of the comprehensive waste management and environmental
program for the FMPC, specific alternatives are being developed
and evaluated for the final disposition of the low-level waste
inventory currently stored at the site. These objectives are
being implemented through the sitewide RI/FS and the Environ-
mental Impact Statement currently being developed by the
Department of Energy. Selected investigations of approximately
100 acres within the Waste Storage Area were initiated to
provide data and information for the RI/FS and EIS. These site
characterizations are collectively referred to  as the Charac-
terization Investigation Study (CIS). The study consists of the
assessment of existing data and reports, development of a
detailed work plan, performance of field investigations, data
interpretation and analysis, and final reporting. The follow1ng
subsections provide a brief description of each of the investi-
gations.

1.2.2 Evaluation of Current Situation

The Evaluation of Current Situation (Roy F. Weston, Inc., 1986a)
consists of seven sections that in their entirety describe the
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present situation as it is known from obtainable records, pre-
vious studies and monitoring data, and conversations with plant
personnel. Section 2, Site Background, presents a general
description of the regional and site environments organized
into traditional categories such as geology, soils, ground-
water, water quality, flora and fauna, land use, population,
etc., and indicates the 1limitations of present Kknowledge.
Section 3, Nature and Extent of Problem, describes the produc-
tion process, waste management operations and facilities, waste
composition and distribution, and an evaluation of environ-
mental and public health risks associated with the existing
situation. Section 4, History of Response Actions, includes
descriptions of past remedial measures performed in the Waste
Storage Areas. Section 5, Definition of Boundary Conditions,
sets the outer geographic limits of the characterizations based
on present knowledge. Section 6, Site Topographic Mapping,
describes the types of maps that will be available for the
project as well as the grid system to be used for position
location. Section 7, Preinvestigation Evaluation, identifies
potential disposal categories that are likely to be considered
and is used to ensure that the data collected in the charac-
" terization are sufficient for engineering evaluations.

1.2.3 Support Documentation

Support Documentation' (Roy F.- Weston, Inc., 1986b) contains
nine sections that in their entirety form the planning basis
for site characterization activities at the Waste Storage Area.
Their intent is to fully document the why, what, where, and how
of the investigations to be performed. Sections 2 through §
comprise the environmental sampling plans that present the
rationale and procedures to be used in the field. The chemical
and radiological characteristics of the wastes will be defined,
as well as any contamination that may have migrated into
selected environmental pathways. Section 6 presents the Health
and Safety Plan, the implementation of which will ensure that
the studies will be conducted in a manner that ensures worker
and public protection. The QA/QC Plan, contained in Section 7,
is intended to ensure and to control the proper collection of
data. Section 8 presents the series of activities and methods
that will be used to keep the public informed as these studies
progress. The Data Management Plan, in Section 9, describes how
the data are to be reviewed, collected, stored, analyzed, and
reported.

1.2.4 Characterization Reports

The principal objective of the Geophysical Survey (Roy F.
Weston, Inc., 1987a) was to provide information to optimize
placement of soil borings and groundwater monitoring wells for
the CIS and the RI/FS. An additional objective of the survey
was to identify the location of buried steel tanks and drums.
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The presence of drums possibly containing hazardous or radio-
active waste material presents a potential safety hazard to
drilling operations. Three separate techniques were used:

] Magnetics, to 1identify areas containing relatively
large concentrations of buried ferrous metal.

L Eleétiomagnetic Terrain Conductivity (EM), to locate
areas of anomalous electrical conductivity produced by
buried metal debris or groundwater plumes.

° Ground Penetrating Radar, to locate pit boundaries and
to verify 1indications of buried metal objects and
buried pipelines.

Chemical and Radiological Analysis of Waste Pits (Roy F.
Weston, Inc., 1987b). Three to 12 vertical samples were taken
from each of pit nos. 1 through 6, burn pit, clear well, 1lime
sludge ponds (2), sanitary landfill, and fly ash piles (2). In
the pits containing standing water, water samples were taken in
addition to the underlying sediments, which were sampled at
20-inch increments to the bottom of the pit. The other pits
were sampled at 24-inch increments from the surface to the
bottom. Each vertical sample was composited and sent to labora-
tories for chemical and radiological analysis. Chemical analy-
ses included RCRA characteristics and constituents designated
on EPA's Hazardous Substance List. Pit no. 4 samples received a

more extensive series of analyses -- those found in Appendix
IX. All analyses followed protocols established by EPA's
Contract Laboratory Program (CLP). Radiochemical analyses

included: U-234, U-235, U-238, Th-228, Th-230, Th-232, Pu-238,
Pu-239/Pu-240, Tc-99, Sr-90, Ru-106, Np-237, Cs-137, and Ra-226.
Ra-228 and Pb-210 were included for samples from the fly ash
piles. In addition, each increment of each sample was processed
through the on-site gamma spectroscopy laboratory to evaluate
the vertical distribution of selected gamma-emitting radio-
nuclides in the pits. :

Selected samples were processed on-site for standard engi-
neering properties, but are not included in this report.

Radiological Characterization of Surface Soils in Waste Storage
Area (Roy F. Weston, Inc., 1987c). 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. A 50-foot grid was established using standard
surveying techniques. Measurements were taken at each grid node
using a Field Instrument for Detecting Low-Energy Radiation
(FIDLER). The area within the grid was also scanned, and when
elevated readings were encountered, measurements were made along
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a finer grid (6.25 ft x 6.25 ft). Approximately 24,400 1loca-
tions were surveyed to locate areas where the concentrations of
uranium exceeded 35 pCi/g. Soil samples down to 18 inches deep
were taken at those locations and sent to the on-site gamma
spectroscopy laboratory where estimations of radionuclide
concentrations were made far U-238, Ra-226, Th-232, Cs-137, and
Ru-106. In addition, measurements were made of the beta-gamma
dose rate at 50-foot intervals in the study area, and the
exposure rate due to penetrating gamma radiation was determined
in all work areas. The data from this surface radiological

characterization may be compared to that obtained at 15 back-

ground stations 1located in the vicinity of FMPC, but at
distances large enough to be free of influence from site
activity. _ '
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SECTION 2
DESCRIPTION OF METHODS

Sampling and analytical methods for the characterization of
surface soils are presented in this section in a descriptive
format to provide a general understanding of how these activi-
ties were performed and to assist the reader in understanding
the data presented in Section 3. Detailed written procedures
for all activities can be found in Site Characterization of the

Waste Storage Areas, Part 2, Vols. 1 and 2, Support Docu-
mentation (Roy F. Weston, Inc., 1986b). _

2.1 RADIATION MEASUREMENT AND SAMPLING METHODS

Descriptions of the radiation measurement instruments and
surface soil sampling methods used during the surface radio-
logical characterization are included in this section. 1In
addition, the general field procedures used at the FMPC are
described along with the analytical techniques used to assay
the soil samples for radionuclide concentration. A detailed
description of all procedures may be -found in Part 2, Volume 1
of the Support Documentation (Roy F. Weston, 1986b).

2.1.1 Exposure Rate Measurements

Exposure rate measurements were made at approximately 146
locations in and around the Waste Storage Area. These measure-
ments were made using one of several instruments. The primary
instrument used was a Reuter Stokes Model RS-111 pressurized
ionization chamber (PIC). This instrument has a response
proportional to exposure in Roentgens over a wide energy range.
It was wused to field calibrate a portable scintillation
detector (Eberline SPA-3). The PIC was set to average the
exposure rate over 10 minutes at a height of 3 feet (1 meter)
above the ground. The exposure rate in microR/hr was documented
by the technician on the gamma-ray exposure rate logbook form.

The Eberline SPA-3 is a 2-inch by 2-inch Nal crystal detector.
To make the exposure rate measurements, the detector was cou-
pled to an Eberline PRS-1 ratemeter/scaler. Measurements were
made at approximately 3 feet above the ground. The reading was
taken for 1 minute and the count rate reported in the gamma-ray
exposure rate 1logbook form. Count rates from the SPA-3 were
then correlated to the exposure rate determined from those
locations where the PIC measurements (microR/hr) were made with
the SPA-3 measurements. This correlation was applied to the
remainder of the SPA-3 measurements.

1827B.
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In locations above 100 microR/hr, exposure rate measurements
were made with an Eberline Model HP-270 energy compensated GM
probe. This probe was coupled to an Eberline Model PRS-1
ratemeter/scaler. The energy response of this detection system
is similar to that of the PIC. Calibration of count rate to
microR/hr ,was done at the TMA/Eberline calibration laboratory
in Albuquerque, New Mexico. The HP-270 measurements were made
at 3 feet above the ground. Readings were taken for 1 minute
and the count rate reported on the gamma-ray exposure rate
logbook form.

2.1.2 FIDLER Measurements

The FIDLER is an acronym for Field Instrument for Detecting Low-
Energy Radiation. This detector consists of a S5-inch diameter,
thin window (0.063 inch) sodium iodide (NaIl) crystal optically
coupled to a quartz light pipe and installed in a standard 5-
inch probe housing. The FIDLER probes used during the CIS were
the Bicron Model G5. To perform the measurements, the FIDLER
was coupled to an Eberline Model PRS-1 ratemeter/scaler. The
PRS-1 was used with the window open (gross mode) and was
operated with a high voltage of approximately 1,125 volts. The
PRS-1 threshold was set at approximately 60 keV using a small
Am-241 source positioned near the FIDLER probe. This instrument
was used at the FMPC to detect the 63 keV photons from Th-234
~ of the U-238 decay chain. To ensure reproducibility of measure-
ments, the response of this instrument was checked each morning
before work, at the lunch break, and at the end of the day.
Results were documented on standard forms.

The FIDLER was used during the CIS to perform systematic
standing measurements on the ground surface at 50-foot grid
intersections (FIDLER grid measurements). Following these
measurements, each 50-ft by 50-ft grid block was subdivided
into four quarters, each 25 ft by 25 ft. These subdivided
blocks were scanned for anomalous radioactivity concentrations
(FIDLER scan measurements). When subgrid blocks having these
anomalies were noted, standing measurements were taken on the
ground surface at 6.25-ft intervals (FIDLER on-surface measure-

ments). Each of these measurement procedures is discussed below.

During the course of the CIS there were 2,354 FIDLER grid
measurements taken. The objective of these measurements was to
provide a count rate that, when correlated to the concentration
of U-238 (in the upper 2 inches of so0il) in an initial set of
samples, would guide the soil sampling at locations where U-238
concentrations exceeded 35 pCi/g. It must be noted that the
responses of the FIDLER to radioactivity in soil are site-
specific and governed by several variables. At the FMPC, these

1827B

F



included the presence of radionuclides other than uranium, a
layer of clean soil between a subsurface deposit of uranium and
the ground surface, and nearby sources of radioactivity such as
radon in the air, radium in storage pits, or gamma rays emanat-
ing from the radium-bearing residues in the K-65 .silos or the
Th-232 storage facility at Plant 1. Therefore, the correlation
factors developed in the field can only be considered an esti-
mate and serve primarily as an indicator for the need to per-
form soil sampling, with subsequent gamma-ray spectral measure-
ments or radiochemical analyses. The FIDLER grid measurements
were made by placing the detector on the ground surface and
making a l-minute count. The count was then recorded on the
FIDLER grid measurement logbook form. This was repeated at each
grid node in the study area. Approximately 10 percent of the
measurements were duplicated in order to provide an assessment
of the reproducibility of the data. .

After completion of the FIDLER grid measurements, each grid
block was subdivided and scanned with the FIDLER. A total of
3,802 25-ft by 25-ft grid blocks was scanned. These qualitative
measurements were performed to identify regions within individ-
ual grid blocks that exhibited elevated radioactivity. The
measurements were taken by setting the PRS-1 to integrate
FIDLER counts for a l-minute counting period. Each technician
was trained to walk and scan a 25-ft subdivided grid in that
time. The scans started .at one corner of the grid block and
progressed in a serpentine pattern over the entire area. The
technician recorded each integrated count on the FIDLER scan
measurement logbook form. The PRS-1 was equipped with head-
phones, and the technician listened to the audible signal. When
a grid block having an increased audible signal was detected, a
mark was made on the FIDLER scan measurement 1logbook form to
indicate the probable presence of a hot spot somewhere in that
grid block. This grid was then further characterized by making
FIDLER on-surface measurements since, during the scanning
measurements, no effort was made to pinpoint the location of
hot spots.

The technician listening to the audible count rate FIDLER scan
measurements identified approximately 1,700 grid blocks as
having elevated radioactivity. Each of these was further
subdivided into 6.25-ft subgrids. At each grid node, FIDLER
on-surface measurements were taken by placing the detector on
the ground surface and making a "C" scale count. The PRS-1 is
equipped with a microprocessor that calculates a count rate by
timing the arrival of preset numbers of events. The "C" scale
setting was used to integrate 1,000 counts. At the end of this
integration, a digital reading in counts per minute was
displayed in the instrument window.
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There were 15,912 FIDLER on-surface measurements made during
the course of the CIS. Each of these measurements was corre-
lated to U-238 activity concentration, and soil samples were
taken when the estimated U-238 concentrations exceeded 35
pCi/g. The field estimates of U-238 concentrations were not
exact and were influenced by the presence of other gamma-
emitting radionuclides either in the soil or in nearby storage
facilities. This correlation was not used in certain areas
because of the presence of gamma radiation from nearby sources.
The measurements were accurate enough to indicate elevated
radiocactivity in the soil and provide direction for the
location of soil sampling.

2.1.3 Beta-Gamma Dose Rate Measurements

The beta-gamma dose rate measurements were made with an
Eberline Model HP-210T probe that housed a pancake—-type thin
window Geiger Mueller (GM) detector. This probe was coupled to
an Eberline Model ESP-1 ratemeter/scaler. The GM tube used in
this probe has a fragile window with a thickness of approxi-
mately 1.4 to 2.0 mg/sqgq cm. For protection, and to reduce the
detector's sensitivity to alpha particles, a double layer of
aluminized mylar was placed between the GM tube and a protec-
tive wire grid that covers the 15 sq cm probe window. The upper
hemisphere of the HP-210T probe includes tungsten metal to
~shield the detector from. nearby radiation. The ESP-1 was opera-
ted with a high voltage of approximately 900 volts. Beta-gamma
dose rate measurements were made systematically at each 50-foot
grid node. The measurements were qualitative in that no cor-
relation was made with U-238 activity concentration. The
measurements were used to provide supplemental radiation data
to verify the presence of anomalous radiation as' determined
during the FIDLER grid measurements. In addition, the HP-210T
provided verification data of anomalous radioactivity at
locations where air-scattered gamma rays caused an increased
bias in the FIDLER measurements. The beta-gamma dose rate
measurements were made by setting the probe on the ground
surface and making a l-minute count. The counts were recorded
in the beta-gamma measurement field notebook form. The count
rate was then converted to dose rate (mrad/hr) using the
correction factor supplied by TMA/Eberline.

2.1.4 Surface Soil Sampling Methods

The surface soil sampling procedures used for the CIS followed
the techniques outlined in the DOE report GJ/TMC-13 UC-70,
Procedures for Sampling Radium—-Contaminated Soils (1985). These
techniques included the use of "ring" samplers and stainless
steel trowels to obtain surface samples down to 6 inches. Below
this depth, the technicians used trowels and post-hole samplers
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to sample down to a depth of 18 inches. Before surface samples
were collected, a gamma-ray measurement was made on the surface
using a FIDLER. An Eberline SPA-3 scintillation probe was used
in the fly ash area because of the steep slopes that were
encountered. If elevated radioactivity was detected, then a 0-
to 2-inch sample was taken, followed by a 2- to 6-inch sample.
The 0- to 2-inch sample was taken to develop the field correla-
tions of U-238 activity concentrations to FIDLER count rates.
The 0- to 2-inch interval was used because the Th-234 63 keV
photon is attenuated below 2 inches. For this report, the 0- to
2-inch and 2- to 6-inch activity concentration results were
mathematically composited to give a 0- to 6-inch sample interval
for reporting in the graphics. After the samples were collected
to 6 inches, a probe was placed in the cavity and another
measurement was made. If the resulting radiation level was
higher than one would expect due to the change in detector-soil
geometry, 'an intermediate depth sample (6 to 12 inches) was
collected. .This was repeated, as needed, to a depth of 18
inches. In a few cases an 18- to 24-inch layer was sampled.
Care was taken to prevent cross contamination between 1layers.
After each sample was taken, the hole was enlarged before
continuing downward. Initially the FIDLER probe was used to
monitor intermediate soil layers. Because of the diameter (9
inches) of the FIDLER housing, too much time was required to
enlarge the hole for successive depth readings, and the smaller
(2.5-inch) SPA-3 probe was used. '

When the sample was taken, it was placed into a plastic bag and
homogenized. An aliquot from the bag was then sealed into a
477-ml plastic jar. The sample container was then labeled, and
the sample number, location, date, time, technician, depth,
chain-of-custody laboratory location, and significant comments
-were recorded in the surface so0oil sample logbook.

2.2 RADIATION MEASUREMENTS AND SAMPLING LOCATIONS

2.2.1 Survey Grid and Coordinate System

A radiation measurement and sampling grid was constructed
throughout the study area by having a licensed surveyor locate
perpendicular lines at 100-foot intervals from an established
monument. Fifty-foot and smaller subgrids were filled in by
field personnel using cross taping with measuring tapes. All
grid nodes were marked with pin flags. The areal extent of the
grid can be seen in Figure 2-1.
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The field data were collected in reference to the FMPC local
coordinate system for ease of recording. These coordinates were
later converted into global state plane coordinate values by
using the following equations:

1,376,578.563 + EF (COS A’ - SF (SIN A)
428,784.678 - EF (SIN A) - SF (COS A)

East Coordinate
North Coordinate

Where:

EF is the local east coordinate.
SF is the local south coordinate.
A 1s the angle of rotation, 1 34' 04".

2.2.2 Logistic Support Locations

Two logistic- support trailers- and the gamma spectroscopy
laboratory were established immediately west of 'pit no. 5,
outside of the waste storage boundary fence. The support
trailers and laboratory locations are depicted in Figure 2-2.
These locations were chosen because of their close proximity to
the west gate leading into the storage areas, for the near-
background gamma radiation levels (needed for laboratory opera-
tion), and for the access control requirements of personnel
entering the work areas.

2.2.3 Background Study Locations

Background radiation measurements were taken and baseline soil
sampling was performed at 15 locations upwind from the FMPC as
determined by the wind rose in the FMPC Environmental Monitor-
ing Report (1986). The radiation measurements consisted- of
FIDLER count rate and exposure rate measurements. In addition,
surface (0- to 6-inch) soil samples were taken for analysis of
background radioactivity ~concentrations. These included:
isotopic uranium, isotopic thorium, isotopic plutonium, Ru-106,
Cs-137, and Ra-226. Table 2-1 presents the location descrip-
tions of the background radiological study. :

2.2.4 Exposure Rate Measurement Locations

Figure 2-3 presents the 146 1locations where exposure rate
measurements were made. These locations include several
measurements near the upper and 1lower fly ash piles and
measurements in an area along the west production area perim-
eter fence. The measurements along this fence were made to
characterize the air-scattered gamma rays emanating from either
the drum storage area or the Th-232 storage facility. Several
measurements were taken near the perimeter fence of the K-65
silos. The remaining measurements were taken at wvarious
locations throughout the Waste Storage Area. :
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Table 2-1

Locations of CIS Background Radiological Study

Location
Number

Location
Description

State Plane
Coordinates

Staked -location is 23 feet
north of Bell Telephone Post
2934.

Staked location is across
open field from barn on north
side of small creek. Location
is 185 feet NNE from the NE
corner of barn.

Staked location is 58 feet
NNW from NW corner of garage.

Staked location is 68 feet
south ﬁrom the SE corner
of the barn.

Staked location is 100 feet
west of SW corner of pond and
21 feet NW of tree marked

"No Trespassing."”

Staked location is 50 feet
NE of Power Pole 143 H/176
E.

Staked location is 100 feet
west of Walnut Hollow Picnic
Area sign, across the access
road.

497,350

501,880

490,750

491,950

479,060

468,450

464,950

1,377,530

1,373,770

1,356,230

1,360,730

1,359,710

1,371,200

1,362,410
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Table 2-1
(continued)

Location Location State Plane
Number Description Coordinates

8 Staked location is 11 feet 453,280 1,371,560
NW of tree in front area of
house.

9 Staked location is 95 feet north 456,960 1,365,680
of septic tank in back yard.

10 Staked location is 21 feet west 461,190 1,380,800
of Walnut Hollow Picnic Area
sign, across the access road.

11 Staked location is 32 feet east 462,450 1,389,100
of tree in back yard.

12 Staked location is 7 feet west 461,180 1,385,830
of tree in back yard.

13 Staked location is 125.feet' 471,840 1,347,250
behind garage.

14 Staked location is 15 feet south 476,690 1,395,070
of marked fence post behind house.

15 Staked location is 95 feet from 482,420 1,400,340
SW corner of house.

2-10
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2.2.5 FIDLER Measurement Locations

Figure 2-4 presents the locations where FIDLER grid and FIDLER
on-surface measurements were made. The shaded areas represent
6.25-foot grid spacings where the 15,912 FIDLER on-surface
measurements were made. The even spaced x-marks show the 2,354
locations where FIDLER grid measurements were made. Approxi-
mately 3,802 FIDLER scan measurements were made within the grid
blocks of the FIDLER grid measurement locations.

2.2.6 Beta-Gamma Dose Rate Measurement Locations

Figure 2-5 presents the 2,300 locations were beta-gamma dose
rate measurements were taken with the HP-210T Geiger Mueller
detector. The measurements were taken on even 50-foot grid
spacings over the waste storage areas and upper fly ash pile.

2.2.7 Locations of Surface Soil Sampling

During the course of the CIS, approximately 2,500 surface (0-
to 6-inch), near-surface (6~ to 12-inch), and deep (12- to
18-inch) soil samples were taken. Waste storage area soil
sampling locations are presented in Figure 2-6. These loca-
tions, which include systematic 100-foot samples taken along
the east perimeter fence and east of silo 4, had high gamma-ray

~contributions to FIDLER measurements from air-scattered photons

that created an increased bias in +the FIDLER count rate
results. In addition, surface and near-surface soil samples
were taken throughout the Waste Storage Area where FIDLER count
rate measurements correlated to field estimates of U-238
activity concentrations exceeding 35 pCi/g.

The surface and near-surface soil sampling locations for the
upper and lower fly ash areas are presented in Figure 2-7.
These samples were taken at locations where FIDLER count rate
measurements correlated to field estimates of U-238 activity
concentrations exceeding 35 pCi/g. In addition, samples were
taken along the steep berm on the southern perimeter of the
upper fly ash area where gamma-ray measurements, taken with a
scintillometer (SPA-3), were statistically greater than back-
ground, 1i.e., dgreater than 3 standard deviations above back-
ground.

The K-65 slurry line soil sampling locations are presented in
Figure 2-8. These locations represent systematic 25-ft spacings
on either side of the trench, systematic 100-ft spacings at
locations east of the silos, and at various locations where
audible gamma-ray count rate data indicated surface radium

anomalies. Systematic sampling was performed along the slurry
line. '
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2.2.8 Sample Designation

A code system was used to identify various information concern-
ing each sample taken during the course of the field investiga-
tion. This identification included:

L Project Identification - FMP was used to designate the
Feed Materials Production Center. :

] Sample or Measurement Type and Location - A two-letter
designation following the project identification code.

The sample types and corresponding codes for this
investigation consist of the following:

SS - Surface soil samples (0- to 2-inch and 0- to
6-inch).

SL - Intermediate soil samples (6- to l1l2-inch and
12- to 18-inch).

SD - Surface sediment samples.
A two-digit designation, used following the sample

type code, indicated the sample location. These
two-digit designations are presented in Table 2-2.

] Sample Ndmber - A three-digit code was used tb
consecutively number samples taken for each sample
type.

For example, FMP-SS-46-001 designates the first
surface soil sample taken from the general waste
storage area at the Feed Materials Production Center.

2.3 ANALYTICAL TECHNIQUES

2.3.1 Gamma-Ray Spectrometry

For the radiological characterization of the surface and
near-surface soils, the on-site laboratory was used to analyze
all samples. The data were used to assess the areal extent of
radioactivity and to provide data needed to ship the- samples
chosen for radiochemical analysis off-site.

The detector for the on-site gamma spectrometry system con-
sisted of a high purity germanium crystal (Type N). This detec-
tor, manufactured by Princeton Gamma Tech, had an efficiency of
approximately 22.5 percent relative to the 1.33 meV Co-60
photon at a 25-cm source-to-detector distance (compared to the
efficiency of a 3-inch by 3-inch Nal crystal): The detector
used on-site was equipped with a 0.020-inch beryllium window.

2-18
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Table 2-2

Two-Digit Designations for Identifying Sample Measurement Locations

Origin Two Digit
Sample/Measurement Location Location Code
Pit no. 1 01
Pit no. 2 02
Pit no. 3 03
Pit no. 4 04
Pit no. 5 05
Pit no. 6 06
Burn pit 07
Clear well o8
Drainage swale N of pit no. 5, N of R.R. tracks S412 E3886 21
Wetlands W of waste storage 22
Slurry line to K-65 §2274 E3300 23
Upper £fly ash piles 24
Lower fly ash piles 25
Drainage swale N of pit no. 5, S of R. R. tracks 26
Drainage S of and adjacent to pit no. 5 . s778 E2441 28
Drainage S of pit no. 5 and W of pit no. 4 S806 E2274 29
Drainage W of production area S1044 E3281 30
Drainage W of production area, at guard shack §1908 E3290 31
Drainage W of production area by lime,K sludge pond §1938 E3300 32
Drainage S of slurry line S2432 E3269 33
Drainage at railroad by S gate S1978 E2966 34
Drainage W of biodenitrification lagoon S1693 E2176 35
Drainage E of pit no. 4 on E side of road S959 E2613 36
Drainage S of pit no. 6 S989 E2634 37
Drainage S of pit no. 5, E of greenhouse S777 E1897 38
Drainage E of pit no. 4 at decontamination pad S942 E2514 39
Drainage from production area W of new UF-4/UF-6 plant 40
Drainage W of UF-4 plant 41
Drainage W of railroad from UF-4 building 42
Drainage W of lime sludge ponds, S of slurry line 43
Drainage S of slurry, E of K-65 silos 44
Special, off-site background measurements 45
General area of waste storage 46
North lime sludge pond 47
South lime sludge pond 48
Sanitary landfill 49
Drainhage separating upper fly ash pile from running track 52
Drainage along N & W sides of upper fly ash pile 53
Decontamination pad 54
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The combination of this thin window and the Type N germanium
made the detection system well suited for photons having energy
as low as 20 keV. The detector was installed in a shield fabri-
cated on-site using lead brick. The lead was stacked carefully
on a welded steel platform and positioned high enough above the
floor so that the detector's source of liquid nitrogen could be
placed beneath the shield. The side walls of the lead shield
were 4 inches thick, and the top and bottom were both 2 inches
thick. This resulted in a l-cu ft counting cavity. Access to
the detector was provided by a 2-inch thick graded sliding door
on top of the shield. All internal surfaces were covered with a
layer of cadmium and copper, each with a thickness of 0.060
inches. The dgrading of this shield with these materials pro-
vided for the attenuation of low-energy, back-scattered X-rays
from the lead.

Signals from the germanium crystal were routed through a cir-
cuit of standard electronic components, with eventual storage
of pulse signals in a multichannel scaler (MSC). The data in
the MSC were analyzed using data reduction software, developed
by Quantum Technology, with which isotopic identification was
accomplished through a comparison of computer-fitted photopeaks
with a customized radionuclide 1library. This 1library was
designed based on the radionuclides 1identified during the
review of historical FMPC documents for the development of the
_ CIS work plan.

Llnearlty of the gamma-ray spectrometry system as a function of
energy was determined by using 1sotop1c sources of Co-57 and
Co-60, with respective gamma-ray energies of 122 and 1,332 KkeV.
Only the 1,332-keV line from Co-60 was used to check system
linearity at higher energy levels. System gain was adjusted so
that the energy per channel was approximately 0.64 keV. With
this setup, the 2.61-meV gamma ray from T1-208, the most ener-
getic gamma ray in existing primordial radionuclides, could be
found near channel 4,050. Further verification of the energy
scale was accomplished by monitoring the calculated energy of
known gamma rays in uranium ore standards. The spectrometer was
calibrated by counting a uranium standard certified by the New
Brunswick Laboratory and by assigning values to observed photo-
peaks based on known concentrations in the standard. This
standard contained 0.01 weight percent uranium with Ra-226
adjusted to be in secular equilibrium with the uranium. The
reported U-238 activity concentration of the sample was 33.6
pCi/g. This standard was counted each day prior to counting
soil samples, and the observed activity concentration of Ra-226
was posted on a system control chart. The mean activity and its
standard deviation were determined after 20 successive counts
of this standard for 10 minutes. These were determined every 20
days. The control chart contained a mean activity line and = 2
.sigma and 3 sigma control lines. During approximately five
months of field operations, the system never exceeded the 3
sigma control line and exceeded the 2 sigma control line only
twice.
2-20
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When reviewing the gamma-ray spectrometry data in Appendix A,
the reader's attention 1is called to instances in which U-238
activity concentration estimates are presented as less than a
minimum detectable activity. This is a conservative estimate of
the upper limit of the samples' U-238 activity even though the
actual concentration 1is significantly 1lower. In samples in
which the U-238 activity concentration is 1less than approxi-
mately 30 pCi/g, the computer-based multichannel analyzer's
data reduction software relies exclusively on two low-energy
photopeaks (63 keV and 92 keV) from Th-234, a daughter of
U-238. When Ra-226 and/or Th-232 are present, even in modest
concentrations of a few pCi/g, it is difficult for the computer
program to identify and resolve the 63 and 92 keV photopeaks.
This situation occurs because of Compton scattering of higher
energy photons in the germanium crystal. As these higher energy
photons undergo energy degradation through multiple scattering
events, a smooth continuum of these scattered photons appears
in the 1lower energy channels. This effectively increases the
background in these channels and masks the 63 and 92 keV
photons from U-238.

Each soil sample was recorded on a chain-of-custody record at
the time it was collected. Custody of the samples was then
transferred to TMA/Eberline's Laboratory Manager at the labora-
tory trailer. There they were entered in the laboratory sample
logbook and stored in 1locked file cabinets until they were
“counted. There was one exception to this procedure. After
delivery to the field laboratory, chemical composite samples
were counted upon receipt. This was done to provide information
on radionuclide concentrations for shipping documents and to
permit planning by the WESTON laboratory.

No sample preparation of the soil samples was performed in the
field 1laboratory. Each sample was counted as received and in
the original sample container. Each sample was counted for 10
minutes. In some cases, samples with elevated activity levels
were counted for only 5 minutes. Once a count was completed,
the gamma-ray spectrum was stored on a magnetic disk and
another sample count was performed. During this count, the
previous spectrum was analyzed by the computer's data reduction
program. It should be mentioned that for U-238, Ra-226, and
Th-232, estimates of the concentrations of these radionuclides
were made through an- analysis of photons emitted from radio-
active daughters that should have been in secular equilibrium
with their respective parent radionuclides. When several daugh-
ter photons were present, the data reduction program calculated
a mean concentration by weighting the abundance of each photon.
For example, in determining the concentration of Ra-226, values
based on the 609 keV photon from Bi-214-with an abundance of
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0.47 photons per disintegration received greater weight than
values based on the 295 keV gamma ray from Pb-214 with an
abundance of 0.19 photons per disintegration.

Upon completion of the data reduction, a complete report of the
analysis was printed. This report served as a record of the
analytical results of that sample. Included in this report were
the sample identification number, counting date and time,
length of count (live time in seconds), energy conversion
factor from channel number to photon energy in keV, a photopeak
resolution conversion equation, a table display of all observed
photopeaks, the library file name, the efficiency file name, a
table display of all identified photopeaks complete with
estimates of radionuclide concentrations (in microCi/g), and a
table display of all photopeaks not contained in the radio-
nuclide library.

Each printed report of analysis included at least two pages of
data. For the purpose of data review, the analysis of each
sample was summarized by posting the concentrations of U-238,
Th-232, and Ra-226 on a Preliminary Data Report Form (PDR).

For purposes quality control, every tenth sample was recounted
immediately after the first count. The results of these analy-
ses were also recorded in a prlnted report and summarized on
the PDR.

Samples that were to be sent off-site for radiochemical
analysis were removed from storage and documented on a new
chain-of-custody record prior to shipment. This action was
noted on the original chain-of-custody record that was used to
transfer the sample from 1its collection point. Following
completion of the field work, all samples remaining at the FMPC
were packed in wood crates and relinquished to a WMCO official
along with the original chain-of-custody record. These actions
were carried out to ensure accurate documentation of sample
archiving.

2.3.2 Radiochemical Analysis

Certain surface soil samples were analyzed by radiochemical
techniques. Radiochemical parameters included the isotopes of
thorium, plutonium, and wuranium, as well as the specific
radionuclides Sr-90, Tc-99, and Np-237. The radionuclides
analyzed are those 1listed in Appendix B except for Ra-226,
which was analyzed by gamma spectroscopy in the on-site
laboratory. Cs-137 and Ru-106 were analyzed by gamma spectro-
scopy in the Albuquerque Laboratory. In the analytical process,
1nd1v1dua1 elements are separated from the residue matrix,
purified and carried through sequential steps prior to evalua-
tion in the counting laboratory. Radiochemical procedures used
during this program are TMA/Eberline corporate procedures that
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were refined through internal research and development. They
are adaptations of procedures developed by the Environmental
Measurements Laboratory (EML), the Environmental Protection
Agency (EPA), and several national 1laboratories. Accuracy is
confirmed by the use of NBS or NBS-traceable calibration
standards for all analyses, and by participation in the EPA's
cross—check program and other laboratory intercomparisons.

Prior to analysis, samples were dried, pulverized, and blended.
Typically, a 10-gram aliquot of the blended soil sample to be
analyzed is digested in strong acids, and a portion of the
solution equivalent to 1 gram of soil is used to perform the
analysis. The remainder of the solution is retained for reruns
or duplicate analyses. For radionuclides such as neptunium,
plutonium, thorium, and uranium, tracer radionuclides are added
to the 1l-gram aliquot and the solution is passed through a
column of anion exchange resin. In this step, the radionuclide
is absorbed to the column. Each radionuclide is eluted from the
column by using solvents unique to the radionuclide. Additional
steps are taken to separate and purify the sample prior to
electroplating it on a metal substrate. Alpha spectrometry is
used to identify and quantify the radionuclide. In calculating
concentrations, corrections are made for weight, percent recov-
ery of the tracer, detector background, and detector effi-
ciency. Analyses for Sr-90 and Tc-99 also start with a 1l-gram
.equivalent - aliquot. Following the addition of tracers, the
radionuclides are precipitated using compounds unique to the
procedure. Steps are taken to remove other fission products and
to further purify the sample in carrier solutions prior to
drying the sample for beta counting. Factors used to calculate
concentrations include: weight of the aliquot, radioactive
decay, tracer recovery, detector efficiency, and detector back-
ground.

2.4 QUALITY CONTROL

The measures that were used to ensure the quality of the data
are presented in the Quality Assurance/Quality Control Plan
(Roy F. Weston, Inc., 1986b). The plan includes: training
requirements, field documentation, document control, sampling
plan, sample control procedures and chain of custody, analyti-
cal laboratory QA/QC, audits, and corrective action. All pro-
cedures used in the collection and processing of samples were
approved in advance and documented in the work plan (Roy F.
Weston, Inc., 1986b).

2.4.1 Field Activities Quality Assurance

During the conduct of this field investigation, a number of
activities was carried out in accordance with the Project
Quality Assurance Plan. These activities included, but were not
limited to, the following: :
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Repeat of 10 percent of FIDLER dgrid measurements at
50-ft intervals.

Repeat of 10 percent of Geiger Mueller betanamma dose
rate measurements at 50-ft intervals.

Standardization of FIDLER response to a sealed NBS

‘traceable Am-241 radiation source before measurements

began each day, at the mid-day break, and after daily
measurements were complete.

Standardization of portable radiation detector
response to sealed NBS traceable radiation sources at
the start of each work day.

Standardization of the gross alpha counter response to
an NBS traceable electroplated Th-230 source daily.

Maintenance, repair, and calibration of portable
radiation detectors and gross alpha counters at
TMA/Eberline's Albuquerque calibration facility on a
quarterly basis.

Maintenance of a control chart for all gross alpha
counters.

Calibration of breathiﬁg- zone samples before and
directly after each use for sampling. :

Calibration of the on-site gamma-ray spectrometry
system using counting standards certified by the New
Brunswick Laboratory and traceable to the National
Bureau of Standards.

Duplicate count of every tenth sample analyzed by
gamma-ray spectrometry directly following the initial
count.

Maintenance of a control chart for gamma-ray spec-—
trometry system performance.

Radiation measurements within the site grid system
were recorded on prenumbered (consecutive) field
measurement logbook forms issued by the TMA/Eberline
Site Manager. Completed forms were returned by field
technicians each day, and a record of the type and
quantity of measurements on each numbered form was
entered into a bound logbook.
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U Chain-of-custody record forms were numbered .consecu-
tively and issued by the WESTON Project Manager. These
forms were used to record pertinent facts regarding
the identification of chemical and radiological sam-
ples at the time each sample was collected in the
field. Chain-of-custody procedures were followed care-
fully, and the proper forms accompanied all sample
batches to each 1laboratory, including the on-site
gamma-ray spectrometry laboratory, the WESTON Analyti-
cal Laboratory 1in Lionville, Pennsylvania, and the
TMA/Eberline Laboratory 1in Albuquerque, New Mexico.
All original chain-of-custody forms are on file with
project records.

° Original copies of radiological field data were trans-
mitted to WESTON only after confirmation of receipt of
a legible copy off-site. The transmittal of data was
accomplished using transmittal forms that were - signed
and returned to the sender.

L Upon receipt of samples in the on-site 1laboratory,
each sample was recorded in a permanent bound logbook.
A complete record of analysis activity by date, form
of data report, and final disposition of each sample
was maintained in this logbook, which is on file with
the Project Manager, :

] Following completion of field work, all soil samples
that had not been sent to off-site laboratories were
packed in wooden crates and turned over to a WMCO
official. An inventory sheet and copy of the chain-of-
custody record was attached to each crate.

2.4.2 FIDLER Quality Control

Field measurements using FIDLER probes were made for three
separate field activities as described in Section 2. Quality
control measurements were duplicated (at separate times) for
approximately 10 percent of those grid measurements and at
50-ft intervals. These data were recorded on field measurement
logbook forms in the same format used for the original measure-
ments. Using statistical application software, a comparison was
made of the two separate data sets. Results of this comparison
are presented in Figure 2-9. The correlation coefficient for
this linear regression was 0.93. While the reproducibility of
these data was reasonable, it should be pointed out that
measurements were made during fall and winter with signifi-
cantly different temperatures. Two FIDLER probes were used,
soil moisture changed with the seasons, and placement of the
FIDLER at a grid point for the QC measurement may not have been
exact.
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2.4.3 Beta-Gamma Dose Rate Quality Control

Field measurements using the Geiger Mueller pancake geometry
probe were used to estimate soil surface beta-gamma dose rates
and to verify the presence of anomalous deposits of radio-
activity. Quality control measurements were made at approxi-
mately 10 percent of all grid system locations at 50-ft inter-
vals. A statistical comparison of these data sets was also
performed and is shown in Figure 2-10. The correlation coef-
ficient for this linear regression was 0.98, indicating a high
degree of reproducibility. '

2.4.4 On-Site Gamma Spectroscopy Quality Control

Throughout this field investigation, care was taken to analyze
soil samples in accordance with project procedures. During
laboratory operations each day, a duplicate count was made
immediately following the analysis of every tenth sample. The
results are included in Appendix A and recorded as a "D"
attached to the sample ID. Also during laboratory operations a
counting standard, certified by the New Brunswick Laboratory
(0.01 percent uranium), was analyzed each day before initiating
the analysis of samples (this was done only on the days that
samples were analyzed). A 1linear regression of the duplicate
analysis of soil samples is presented in Figure 2-11. The cor-—
relation coefficient is 0.99. Response of the gamma-ray
spectroscopy system to the counting standard was controlled on
the basis of the Ra-226 concentration (33.6 pCi/g). A control
chart that displays the measured concentration of Ra-226 in
this standard is presented in Figure 2-12. Also presented in
this figure is the mean concentration and the + 2 sigma and + 3
sigma control limits. These were determined based on the system
performance at 20-operating-day intervals.

2.4.5 Radiochemical Analysis Quality Control

All radiochemical analysis was performed by TMA/Eberline and
subject to their rigorous quality assurance program. The manual
that describes this program is included in the project support
documentation (Roy F. Weston, Inc., 1986b).

2.4.6 Auditing and Surveillances

During the CIS, WESTON conducted an audit of the on-site gamma
spectral laboratory. This audit served to ensure that the gamma
spectroscopy system was operating properly for the samples
being analyzed and that the procedure used had sufficient
checks to ensure adequate accuracy and precision for the CIS.
The analytical precision of the spectrometer 1is within 25
percent at the 95-percent confidence interval for the concen-
trations of interest. The on-site spectrometer readings fell
between these confidence levels at U-238 activity concentrations
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close to 35 pCi/g. Additional QA surveillances of the
TMA/Eberline laboratory in Albuquerque and of each stage of the
field work were performed by WMCO and WESTON.

2.5 HEALTH AND SAFETY

Field activities during the CIS were carried out in strict
accordance with the Environmental Safety and Health Program
Plan. This plan is presented in its entirety in Section 6 of
the Support Documentation (Roy F. Weston, Inc., 1986b). The
scope of this plan included: 1) organization and responsi-
bilities; 2) health and safety standards; 3) environmental
standards; 4) program requirements, occupational monitoring,
and personnel protection methods; 5) hazard control and
monitoring methods; and 6) a contingency plan for emergencies
for the FMPC during CIS work.

Aspects of the health and safety plan were developed on the
basis of information provided by WMCO and with consideration of
all of the known or suspected chemical and radiological
constituents in the Waste Storage Area. From these consider-
ations it was clear that physical intrusion into the waste
- 'storage pits would require medical surveillance for selected
personnel, training 1in procedures to minimize periods of
contact with hazardous materials, training in the use of a wide

variety of personal protection equipment (up to and including.

Level B protection), and a selection of specialized equipment
for monitoring the work environment.

Personnel protection procedures were based on recommended
exposure guidelines and safety standards contained in existing
Federal. regulations as identified in the Environmental Health
and Safety Plan. These procedures were 1implemented so that
exposures to hazardous chemicals and radioactive environments
were reasonably low. Because of physical stress to workers in
protective clothing, mandatory rest periods were enforced and
body fluids were replenished.

A Work Location Personnel Protection and Safety Evaluation Form
was completed and approved prior to the initiation of waste pit
sampling. Workers received training based on the requirements
of this evaluation, and an approved copy of the document was
distributed to each field operating group and posted in a
conspicuous location.

An access control point was established at the west gate
between pit no. 5 and pit no. 3. Each project staff member
entering the CIS work area was required to enter and exit
through this point. An access register was maintained at the
control point and served as a daily record of the entry and
exit of each person. Upon entry, a check was made to ensure that
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each person was dressed in accordance with task requirements.
Each person that left the access control point was monitored
with portable radiation survey instruments to verify that no
contamination was present on skin or clothing surfaces. Labeled
containers were placed at the existing step-off pad, and soiled
protective clothing was deposited as required (gloves, shoe
covers, disposable coveralls, waste paper, etc.). This was done
to prevent the spread of contamination to points outside the
Waste Storage Area. All personnel and equipment released from
the access control point were monitored in accordance with the
conservative release limits associated with Th-230.

All equipment and instrumentation used for personnel safety
monitoring were maintained and calibrated in accordance with
requirements 1in project procedures. Internal audits were
performed by WESTON, and surveillances were conducted by WMCO.
Results of tests, calibrations, inspections, audits, access
control monitoring, and work area air quality monitoring were
documented, and records have been archived with the project
files.
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SECTION 3

RESULTS

3.1 BACKGROUND RADIATION STUDY

3.1.1 Purpose

The background radiological study was performed in order to
provide baseline radiation measurements and background soils
radionuclide data with which to compare the on-site measurement
and radiochemical sampling results. Fifteen locations were
chosen upwind from the production area to ensure that no
anomalies would bias the results. The list of the locations
chosen was presented in Subsection 2.2.3. The FIDLER and
exposure rate measurement results from soil sample analysis are
presented as follows. No beta-gamma measurements with the GM
detector were made in this area.

3.1.2 Results

Table 3-1 shows that surface FIDLER readings at the 15 back-
ground locations ranged from 7,359 counts per minute (cpm). to
10,069 cpm, and averaged 8,641 cpm. The exposure rates at each
of the background locations were fairly uniform and ranged from
10 to 12 microR/hr. :

The gamma spectroscopy analysis of surface soil samples is
presented in Table 3-2. These data can be used as a baseline to
compare with on-site gamma spectroscopy data of surface soil
samples. :

The radiochemistry analysis of surface soil results are pre-
sented in Table 3-3. These data can be used for comparison with
the results of the on-site soil samples.

3.2 EXPOSURE RATE MEASUREMENTS

3.2.1 Purpose

Gamma exposure rate measurements were made during the mobili-
zation of the CIS field study to assess the expected doses to
personnel working in the storage areas. This assessment was
done in order to develop and to set up the access controls and
potential stay-times for workers and to characterize the gamma
radiation fields throughout the CIS study area.
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‘ Table 3-1

Background Locations and Radiation Measurement Results

Exposure
Location FIDLER Rate
Number (cpm) (microR/hr)
1 8,683 11
2 8,504 11
3 7,359 10
4 8,621 11
5 8,593 ‘ - 11
6 8,927 10
7 8,553 11
8 8,363 10
9 9,032 10
10 8,898 11
11 10,069 12
12 7,401 | 11
13 9,071 11
g 14 9,258 . 11
A 15 8,281 10
Average 8,641 11

1827B



as281
v 0> 9°0> £ 0> £ 0> 9:0> 270760 203bv0 20%v0 LEL-$)
b0 %S0 €0%60 20760 v 0> €03%(°0 20 90 2080 2°07%L0 97z-ey
€0%6'0 €0 0l €0FI1°L 20 80 20780 €060 20l €0°76°0 2€2-ul
56> 9' 8> 001> Az €6 € L> 6°8> 62 %2¢€ 8£2-N
st 4l €l 21 (L o1 6 8 apiLonuoLpey
JA3qWNN U0OL3RI07
2°0 €0 L0 2707 €0 2060 20790 € 0> 5 0> LEL-S)
270790 €0%9'0 2090 20760 20550 2080 €0°%0b0 9z2-2Y
€0%0°L €0%6°0 207 ('l €080 2080 €07L0 €0°7%90 2€2-ul
9°g> 8L F L2 0°%> PALD 6°b> S 0> 6°8> gez-n
9 S b € 2 1 aptanuotpey

J43qunN UOL}EI07)

(6/1)d) s3|nsay Adodsou3jdrads ewwey punoabyoeg

Z-¢ a1qey

3-3

6 ¢



Table 3-

Background Radiochemistry Results (pCi/g)

Location Number
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3.2.2 Results

A distribution of exposure rates within the storage area west
of the production facility is presented in Figure 3-1 as 1iso-
pleths. The 70 microR/hr contour immediately west of the pro-
duction area was caused either by radioactive material in the
drum storage area, by the Th-232 storage area, or by a combina-
tion of the two. The 190 microR/hr contour increasing toward
the K-65 silos is caused by gamma rays emanating from the
radium-bearing residues stored in the two silos. The highest
exposure rate measured during the study was approximately 230
microR/hr measured near the perimeter fence surrounding the
K-65 silos.

Figure 3-2 presents a similar distribution of the exposure rate
isopleths made around the upper and lower £fly ash areas. The
results show that the exposure rates in these areas ranged from
approximately 14 to 17 microR/hr.

3.3 SURFACE RADIATION MEASUREMENTS

3.3.1 FIDLER Measurements

Purpose

The principal purpose of using the FIDLER during this investi-
gation was to provide a screening mechanism for the distribu-
tion of surface deposits of radioactivity. Another specific
purpose was to determine a count rate that, when correlated to
the concentration of U-238 in the upper 2 inches of soil, would
guide the soil sampling to locations where U-238 concentrations
exceeded 35 pCi/g. Note that, as discussed in Subsection 2.1.2,
the response of the FIDLER to radioactivity in soil is site-
specific and governed by several variables. Consequently, the
results can only be considered as representing approximate
estimates of the activity concentration of U-238 in surface
soil appropriate for generalized interpretation in locating
areas for soil sampling.

Results

Use of the FIDLER probe to determine the distribution of
radiocactivity in surface deposits throughout the CIS study area
revealed a detailed description of the 1location of isolated
small deposits as well as the more general distribution of
material in the vicinity of the waste storage pits and along
the eastern border of the upper fly ash pile. Details of this
distribution of surface radioactivity are shown in Figure 3-3.
A large area/distribution of surface radioactivity in the Waste
Storage Area is near the south end of the covered pit no. 2 and
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along a roadway between pit no. 4 and pit no. 6. There are
several areas with 1localized anomalous radioactivity. These
appear in two places along the western edge of the pit no. 1
cover and one place near the eastern edge of the same pit. One
anomaly lies near the northwestern edge of pit no. 2 and
extends to the southeastern edge of pit no. 3. Three anomalies
lie along a line extending southwest to northeast on the pit
no. 3 cover, and one is situated near the northeastern edge of
pit no. 3. On the cover of pit no. 4, one localized anomaly
lies near the southwestern edge and extends toward the burn
pit. A second anomaly covers most of the southeastern corner of
pit no. 4. '

The distribution of surface radioactivity on the upper and
lower fly ash piles (as determined with the FIDLER) is pre-
sented in Figure 3-4.

3.3.2 Geiger Mueller Beta—-Gamma Dose Rate Measurements

Purpose

Beta-gamma dose rate measurements were taken to characterize
surface beta-gamma dose rates as well as to provide supple-
mental radiation data to verify the presence of anomalous
radiation determined during the FIDLER grid measurements.

Results

Figure 3-5 presents beta-gamma dose rate contours for the Waste
Storage Area. The highest dose rate of approximately 35 mrad/hr
was found near the southwestern perimeter of pit no. 6. Soil
samples from this location contained elevated concentrations of
uranium. Figure 3-5 also shows anomalous dose rates on the
southern perimeter of the sanitary landfill, immediately north
of the lime sludge ponds, on the recently placed cover of pit
no. 4, on the cover of pit no. 3, and at several locations
immediately east of the pit area. Results of soil sample analy-
ses at or near these locations 1indicated that uranium was the
principal radionuclide. The distribution of surface beta-gamma
dose rates for the upper fly ash pile is shown in Figqure 3-6.
Elevated beta-gamma dose rates on the upper fly ash pile are
due to U-238, Ra-226, and Th-232.

3.4 RADIONUCLIDE ACTIVITY CONCENTRATIONS IN SURFACE SOIL

3.4.1 Selection of Soil Sampling Locations

Samples of surface soil were collected using methods described
in Subsection 2.1.4. Originally it was intended that a simple
relationship between the concentration of U-238 in an initial
set of 15 samples of surface soil and the observed FIDLER count

3-12
1827B
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rate at each sampling location would be developed. This techni-
que has been used successfully at other sites where uranium was
distributed in the upper few inches of surface soil. Following
a series of exploratory measurements, it was determined that
FIDLER measurements were influenced significantly by radiation
from silos 1 and 2 and from material stored near a fence that
separated the Waste Storage Area from the production center, as
described as follows.

Fifteen locations were selected at a distance approximately
1,300 feet from the midpoint between silo 1 and silo 2. Soil
samples at 0 to 2 inches were collected, and FIDLER measure-
ments were made. The 1linear relationship between soil
concentration of uranium. (in pCi/g) and FIDLER response (in
counts per minute) may be expressed as:

y=mx +Db
where:
y = U-238 pCi/g
m = slope of the regression
b = the y intercept

For the correlation between soil concentration (0 to 2 inches)
‘and FIDLER response 1,300 feet from the silos, the relationship
is:

y(pCi/g) = (2.6 x 10-3) x FIDLER (cpm) - 46

For a U-238 concentration of 35 pCi/g, the calculated FIDLER
response is 31,800 cpm with a correlation coefficient of 0.95.
This may be described as the FIDLER response to 35 pCi/g in
soil plus its normal response to background radiation (8,600
cpm) as well as to direct and air-scattered radiation 1, 300
feet from the midpoint between silos 1 and 2.

Because 1t was intended that FIDLER measurements were to be
made at distances less than 1,300 feet from the silos, a study
was performed to evaluate the FIDLER'S response to air-
scattered gamma rays as a function of the distance from the
silos. Measurements were made along a line south of the silos
and extending from 600 feet to 1,700 feet. It was assumed that
the concentration of uranium in surface soil was negligible and
that the concentration of radon and its progeny at each interval
along the traverse would be the same 1in any direction. (In
reality, this latter assumption is true only when winds are

18278
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calm.) The results of this survey are presented in Table 3-4.
At a distance of 1,300 feet south of the silos, the FIDLER
response was 13,800 cpm, which 1is about 5,000 cpm above the
average FIDLER response from 15 off-site background stations of
8,641 cpm. Data in this table also suggest that silo radiation
will influence FIDLER measurements to a distance of at least
1,600 feet.

To properly account for the contribution of silo radiation to
FIDLER data, the earlier correlation between the FIDLER count
rate and U-238 in surface soil was modified. The actual FIDLER
response to 35 pCi/g was estimated by subtracting the Table 3-4
value at 1,300 feet (13,800 cpm) from the soil-to-FIDLER
correlation at 1,300 feet (31,800 cpm for 35 pCi/g). The result
suggests that the actual response of the FIDLER to 35 pCi/g in
surface soil was 18,000 cpm. Therefore, for each measurement
distance in Table 3-4, the observed count rate was increased by
18,000 cpm. These values are shown in Table 3-5 and were used
by the field staff to select biased soil sampling locations.
Data from FIDLER grid and FIDLER on-surface field measurement
logbook forms were reviewed to determine FIDLER count rates
greater than the Table 3-5 wvalue for 1,700 feet, namely 26,600

cpm. A soil sample location was established when this count’

rate was exceeded at distances of 1,700 feet or more from the
silos. For measurement locations between 600 and 1,700 feet
.from the silos, a soil sample location was established if the
FIDLER measurement was equal to or greater than the value for
that distance as given in Table 3-5.

FIDLER data were not used to select sampling locations at
distances closer than 600 feet from the silos, nor were these
data used to select sampling 1locations in an area along the
production center's western perimeter fence. In these areas and
along drainages 1in the Waste Storage Area, samples were
collected at 1locations based on systematic sampling at regular
100—-foot grid intervals.

3.4.2 On-Site Gamma Spectroscopy Results

High resolution gamma-ray spectroscopy was used to determine
the activity concentrations of gamma-ray emitting radioisotopes
in the surface soil samples taken from the FMPC storage areas.
‘In addition, selected samples were sent to TMA/Eberline for
analysis of the 1isotopic concentrations of uranium, thorium,
and plutonium, and for other radionuclides not detected using
gamma-ray spectral techniques. The radiochemical results are
presented and discussed in Subsection 3.4.3.
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‘ Table 3-4

FIDLER Response as a Function of Distance from the
Midpoint Between Silo 1 and Silo 2

FIDLER Response to Radiation

Distance from Silos and Background
(feet) (counts per minute)
600 36,500
700 31,500
800 27,500
900 24,000
1,000 20,500
1,100 18,000
1,200 15,500
1,300 13,800
1,400 _ 11,800
1,500 10,200
1,600 9,000
1,700 8,600
3-21
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Table 3-5

FIDLER Response to Gamma Radiation from Silo 1 and
Silo 2 Plus Radiation from 35 pCi/g U-238 in Surface Soil

FIDLER Response to Radiation

Distance from Silos, Background, and 35 pCi/g U-238
(feet) (counts per minute)
600 54,500
700 49,500
800 45,500
900 42,000
1,000 38,500
1,100 36,000
1,200 33,500
1,300 31,800
1,400 - 29,800
1,500 28,200
1,600 27,000
1,700 _ 26,600
3-22
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The results of analyses for U-238, Ra-226, Th-232, and Cs-137
were compiled, and ranges of activity concentrations have been
posted in order to provide detailed plan views at depths of 0

to 6, 6 to 12, and 12 to 18 inches. These results are discussed’

as follows. Appendix A presents the raw data by grid location.

U-238 Activity Concentrations in the Waste Storage Area

Figures 3-7, 3-8, and 3-9 present the surface (0- to 6-inch)
and intermediate depth (6- to 12- and 12- to 18-inch) U-238
activity concentration ranges from soil samples taken 1in the
Waste Storage Area. Figure 3-7 shows that surface U-238
concentrations are elevated around the perimeter of pit no. 6
and east of pit nos. 1 and 2. In addition, several locations in
the general Waste Storage Area had U-238 activity concentra-
tions above 35 pCi/g. These areas included: the access road
south of pit no. 6; along the access road that leads south and
east of the sanitary landfill; several locations on the covers
of the sanitary landfill and pit nos. 1, 3, and 4; at several
locations along the access road that leads into the production
facility; and at several locations along the K-65 slurry line.

As noted in the previous paragraph, the periphery of pit no. 6
has numerous locations where U-238 activity 1is elevated. This
pit contains fine particulate process residues, filter cake,

and green salt. The U-238 concentrations in pit no. 6 ranged.

from 2,810 to 10,900 pCi/g as measured in the on-site labora-
tory using gamma spectroscopy. Figures 3-8 and 3-9 show that
the elevated U-238 activity concentrations have decreased to
below 35 pCi/g as a function of depth except at one location on
the southwestern corner of pit no. 6 where the 6- to 12-inch
and 12- to 18-inch soil samples were above 35 pCi/g.

The elevated U-238 activity concentrations in the upper 6
inches of soil along various access roads and in the general
Waste Storage Area (and the sanitary 1landfill) decrease
significantly with depth. At the 18-inch depth, only three
locations near the southeastern periphery of pit no. 1 and a
single 1location at the southwestern corner of the sanitary
landfill have U-238 activity concentrations greater than 35
pCi/g. U-238 activity near pit no. 1 is not unlikely since the
sampling of the pit contents showed that the U-238 activity
concentrations ranged from 197 to 679 pCi/g as measured in the
on-site laboratory. It should also be noted that there is an
association between elevated FIDLER readings and horizontal
dipole apparent conductivity contours in the area south of pit
no. 2 and east of the southeastern corner of pit no. 1.

1827B
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U-238 Activity Concentrations in the Upper and Lower Fly Ash
Areas

Figures 3-10, 3-11, and 3-12 present the surface (0- to 6-inch)
and intermediate (6- to 12-inch and 12- to 18-inch) U-238
activity concentrations in the upper and lower fly ash areas.
Figure 3-10 shows that there are elevated (»>100 pCi/g) U-238
concentrations in an area west of the upper fly ash pile access
road and two 1locations (>35 pCi/g) on the access road. 1In
addition, there are several 1locations in the construction
rubble north of the upper fly ash pile in which the U-238
activity concentrations exceeded 35 pCi/g as measured in the
on-site gamma spectroscopy laboratory.

Figure 3-11 (6- to 12-inch) shows that the construction rubble
north of the upper fly ash pile continued to have several
locations where the U-238 activity concentrations exceeded 35
pCi/g. One 1location, just south of the access road, exceeded
100 pCi/g. Results of analyses for profile samples taken during
borehole drilling in the fly ash area showed rather hetero-
geneous U-238 activity concentrations ranging from below
detection levels to approximately 160 pCi/g.

Ra-226 Activity Concentrations in the Waste Storage Area

Figures 3-13,. 3-14, and 3-15 present the surface (0- to 6-inch)
and intermediate depth (6- to 12-inch and 12- to 18-inch)
Ra-226 activity concentration ranges from soil samples taken in
the Waste Storage Area. Figure 3-13 shows that the areal extent
of above background activity concentrations of Ra-226 1is quite
low. Only two sample 1locations show Ra-226 in excess of 15
pCi/g. These are just east of the.access road east of the metal
oxide silo and a location in the center of the Waste Storage
Area. Several areas have Ra-226 activity concentrations between
5 and 15 pCi/g. These locations are just south of pit no. &6,
southeast of pit no. 2, just east of the railroad tracks in the
center of the Waste Storage Area, and at several 1locations
around the metal oxide silo. These 1locations correlate well
with locations having significant concentrations of U-238 (see
Figure 3-7).

Figures 3-14 and 3-15 show that the Ra-226 activity concentra-
tions drop to below 5 pCi/g for sampling depths below 6 inches.
This also correlates with the U-238 concentration data
presented in Figures 3-8 and 3-9.
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Ra-226 Activity Concentrations in the K-65 Slurry Line Area

Figures 3-16, 3-17, and 3-18 present the Ra-226 activity
concentration ranges from surface (0- to 6-inch) and intermedi-
ate (6- to 12-inch and 12- to 18-inch) soil samples taken in
the K-65 slurry line area. Figure 3-16 shows that the surface
Ra-226 activity concentrations are not uniform, but approxi-
mately five locations were 1identified where the activity
concentrations exceeded 15 pCi/g. The highest Ra-226 activity
concentrations were detected 1in sample FMP-SS-23-151. This
location has an Ra-226 activity of 220 pCi/g. It should be
noted that Th-230 activity was also detected in this sample and
verified at 2,200 pCi/g using radiochemistry techniques (see
Subsection 3.4.3). Figure 3-16 also shows that there were
approximately 20 locations in which the Ra-226 activity ranged
between 5 and 15 pCi/g.

Figure 3-17 shows three areas where the 6- to 1l2-inch samples
have Ra-226 activity concentrations greater <than 15 pCi/g.
These samples include: sample FMP-SL-23-122, having Ra-226
activity concentrations of 28 pCi/g; and sample FMP-SL-23-150,
having activity concentrations of 42 pCi/g. Th-230 was also
detected in sample FMP-SL-23-150 and was verified at 105 pCi/g
using radiochemistry techniques.

Figure 3-18 shows only one location in the 12- to 18-inch deep
layer in which Ra-226 was elevated. This was sample FMP-SL-23-
172, having Ra-226 activity concentrations of approximately 12
pCi/g. '

'Ra-226 Activity Concentrations in the Fly Ash Areas

Figures 3-19, 3-20, and 3-21 present the surface (0- to 6-inch)
and intermediate depth (6- to 12-inch and 12- to 18-inch)
Ra-226 activity concentration ranges from soil samples taken in
the upper and lower fly ash areas. Figure 3-19 shows that the
Ra-226 concentrations near the upper fly ash pile construction
rubble cover a rather large area and are slightly elevated when
compared to the U-238 activity concentrations.

Fly ash, a waste product of coal-fired power plants, is a

potential source of the uranium and radium that were detected-

at lower concentrations in some of the samples from this area.
Based on several studies, fly ash can have up to 10 pCi/g of
U-238 (Klein, Pathways of Trace Elements Through Coal-Fired
Power Plants. Environ. Sci. Technol. 9:973-979,1079). However,
the higher activity concentrations of wuranium, radium, and
thorium in the construction rubble have their origin from
another source.
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The intermediate depth (6— to 12-inch) samples shown in Figure
3-20 reveal elevated Ra-226 activity concentrations 1in the
construction rubble and west of the access road leading to the
running track. Note that these locations correlate well with
the elevated surface (0- to 6-inch) sample results. Only a few
locations were sampled to depths of 18 inches (Figure 3-21) and
of those, two had Ra-226 activity concentrations exceeding 15
pCi/g and three had activity concentrations ranging from 5 to
15 pCi/g as measured by gamma spectroscopy.

In the lower fly ash area, there were two locations near the
southeastern corner of the pile in which Ra-226 activity
concentrations in surface soil were between 5 and 15 pCi/g. In
all intermediate samples, the activity concentrations were less
. than 15 pCi/g.

Th—-232 Activity Concentrations in Waste Storage Area

Figures 3-22, 3-23, and 3-24 present the surface (0- to 6-inch)
and intermediate depth (6- to 12-inch and 12- to 18-inch)
Th-232 activity concentration ranges in the Waste Storage Area.
The background data presented in Subsection 3.1.2 show that the
average Th-232 activity concentrations are approximately 1
pCi/g. Figure 3-22 shows that the majority of the surface
samples taken in the Waste Storage Area range from 1 to 5 pCi/g.
Several locations, mostly associated with elevated U-238 activ-
ity, have Th-232 activity concentrations ranging from 5 to 15
pCi/g. These include areas around the periphery of pit no. 6,
south of the access road next to the sanitary landfill, east of
the access road next to pit no. 2, at several locations along
the K-65 slurry line, east of the metal oxide silo, and at
several locations near the railroad tracks in the center of the
Waste Storage Area.

Several locations in the Waste Storage Area have Th-232 activ-
ity concentrations exceeding 15 pCi/g. These locations include:
an area south of pit no. 6, an area south of the sanitary
landfill, an area east of pit no. 2, and several locations
along the K-65 slurry line.

Figure 3-23 shows that for the 6- to 12-inch deep samples
taken, only five have detectable Th-232 concentrations ranging
from 5 to 15 pCi/g. These 1include areas adjacent to the
southern and eastern edges of pit no. 1, several locations
along the K-65 slurry line, and a location east of the sanitary
landfill along the access road. A location south of pit no. 1
showed an activity concentration of Th-232 at 16 pCi/g, while
U-238 was 133 pCi/g as measured by gamma spectroscopy.
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Figure 3-24 shows that for the 12- to 18-inch samples taken,
only two locations had Th-232 activity concentrations ranging
from 5 to 15 pCi/g. These included the same location south of
pit no. 1 in which Th-232 measured 170 pCi/g, and suggest the
presence of elevated Th-232 at greater depths. The second
location was near the center of the K-65 slurry line.

Th-232 Activity Concentrations in the Fly Ash Area

Figures 3-25, 3-26, and 3-27 present the surface (0- to 6-inch)
and intermediate (6- to 12-inch and 12- to 18-inch) Th-232
activity concentration ranges from soil samples taken in  the
upper and lower fly ash areas. Figure 3-25 shows that many of
the locations that have elevated Th-232 activity concentrations
are those that also have elevated uranium and radium activity
concentrations. Locations that have Th-232 activity concentra-
tions greater than 15 pCi/g include: an area west of the access
road into the upper fly ash area, several locations east of
this access road, and a location on the steep berm northeast of
the running track.

There are numerous locations in which surface soil samples
ranged between 5 and 15 pCi/g. These include: a location south
of the lower fly ash area, on the berm northeast of the running
track, at several locations in the construction rubble, at two
locations west of the access road to the lower fly ash area,
and at locations east and west of the access road to the upper
fly ash area.

Figure 3-26 shows several locations that have elevated Th-232
in samples taken at the intermediate depth of 6 to 12 inches.
These include three locations where Th-232: activity concentra-
tions exceeded 15 pCi/g and five locations where the concentra-
tions ranged from 5 to 15 pCi/g. The sampling locations
included two areas immediately east of the access road that led
into the construction rubble, a single location east of the
access road leading to the wupper fly ash area, several
locations in the construction rubble, and several locations
north of the access road leading to the running track.

Figure 3-27 shows that there are three 1locations in which
samples taken from the 12- to 18-inch depth have Th-232
activity concentrations ranging from 5 to 15 pCi/g. These
include: a location south of the access road leading to the
wetlands area west of the Waste Storage Area, a location east
of the access road leading to the upper fly ash area, and a
location adjacent to the access road that 1led into the
construction rubble.
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Cs-137 Activity Concentrations in the Waste Storage Area

Figures 3-28, 3-29, and 3-30 present the surface (0- to 6-inch)
and intermediate (6- to 12-inch and 12- to 18-inch) Cs-137
activity concentration ranges for samples taken in the Waste
Storage Area. There were no instances 1in which the Cs-137
activity concentration exceeded 15 pCi/g. In the Waste Storage
Area surface soils, all activity concentrations were in the 1
to 5 pCi/g range as shown in Figure 3-28. In a majority of
locations in which Cs-137 was observed near the pits, U-238 was
present 1in activity concentrations greater than 35 pCi/g
(compare Figure 3-28 with Figure 3-7). There was less of a
correlation with U-238 along the K-65 slurry line.

In Figure 3-29, there were 17 locations in which Cs-137 was
observed at a depth of 6- to 12-inches. Three of these corres-
pond to locations in pit no. 1 (see Figure 3-8) in which the
U-238 concentration exceeded 100 pCi/g, and three locations in
the sanitary landfill area correspond to where U-238 activity

concentrations were greater than 35 pCi/g. Along the K-65

slurry line there does not appear to be a clear correspondence
between Cs-137 and any specific levels of U-238, Ra-226, or
Th-232.

For the intermediate depth of 12 to 18 inches, there were two
locations in which Cs-137 was identified (Figure 3-30). One of
these 1locations, south of pit no. 1, corresponds to elevated
U-238 and Th-232 activity concentrations. The other location is
along the K-65 slurry line south of the south line sludge pond.
At this point, U-238, Th-232, and Ra-226 were present in minor
activity concentrations.

Cs-137 Activity Concentrations in the Fly Ash Area

Figures 3-31, 3-32, and 3-33 present the surface (0- to 6-inch)
and intermediate (6- to 12-inch and 12- to 18-inch) Cs-137
activity concentration ranges for samples taken in the upper
and lower fly ash areas. As shown from the gamma spectroscopy
data presented in these figures, there were no Cs—-137 activity
concentrations greater than 15 pCi/g. For those samples that
contained Cs-137, the activity concentration of Ra-226 was
generally greater than 5 pCi/g. -

3.4.3 Radiochemical Analysis

Purpose

Radiochemical separation with analysis of specific radio-
nuclides was performed on surface (0- to 6-inch) and inter-
mediate depth (6~ to 12-inch and 12—~ to 18-inch) samples from
numerous locations in the background areas, Waste Storage Area,

3-49
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along the K-65 slurry line, and from the upper and lower fly
ash areas. The 1locations of these samples are presented in
Figures 3-34, 3-35, and 3-36. From these figures it can be seen
that most of the samples chosen for radiochemical analyses were
samples that showed elevated radionuclide concentrations from
the on-site gamma spectroscopy 1laboratory (Subsection 3.4.2).
These samples were chosen 1in order to assess the isotopic
concentrations of the uranium and thorium, and to identify
radionuclides not readily detectable by gamma-spectral tech-
niques (i.e., Sr-90, Tc-99, Pb-210, Np-237, and isotopes of
plutonium). The results of these radiochemical analyses are
discussed as follows. Complete data are presented for each
sample as a function of depth and grid location.

Results

Radionuclide Distributions in the Waste Storage Area.

For the samples taken around the sanitary 1landfill, most
contained elevated concentrations of depleted uranium ranging
from approximately 85 pCi/g (FMP-SL-46-415) to 637 pCi/g
(FMP-SS-46-343). The Th-230 activity concentrations were
negligible when compared to those for uranium.

There were numerous samples taken from around the perimeter of
pit no. 6. This area has some of the highest FIDLER and beta-
gamma dose rate measurements -in the Waste Storage Area. North
of pit no. 6, three samples contained depleted wuranium and
their U-238 activity concentrations ranged from 95 pCi/g
(FMP-SS-46-446) to 238 pCi/g (FMP-SS-46-444). One location
immediately east of pit no. 5 (FMP-SS-46-623) had activity
characteristic of the residue found in pit no. 5. The uranium
was elevated, with the U-238 activity concentration at 157
pCi/g. Th-230 was detected at 281 pCi/g, and Tc-99 was detected
at 58 pCi/g.

Several samples were taken from the southern perimeter of pit
no. 6. The uranium characterized was depleted and had activity
concentrations of U-238 ranging from approximately 113 pCi/g
(FMP-SS—-46-457) to 738 pCi/g (FMP-SS-46-427). The Th-230 activ-
ity concentrations at these locations were low when compared to
the uranium. Several samples had detectable Tc-99 activity
concentrations. The highest Tc-99 activity concentration was
measured at 58 pCi/g in sample FMP-SS-46-623.

Several samples taken immediately east of pit no. 2 showed sig-
nificantly elevated depleted uranium activity concentrations.
Samples FMP-SS-46-478 had U-238 at 406 pCi/g, and FMP-SS-46-495
had U-238 at 753 pCi/g. Some Th-230 and Tc-99 was detected in
these samples, but was negligible in comparison to the uranium.
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Sample FMP-SS-46-206, taken near the metal oxide silo, had
elevated Th-230 with an activity concentration of 226 pCi/g.
The uranium activity was low with U-238 at 9.3 pCi/g. Another
sample, FMP-SS-46-214, taken Jjust east of the silo had Th-230
at 185 pCi/g.

Several samples were analyzed from an area west of the produc-
tion center and north of the north 1lime sludge pond where
anomalous FIDLER and beta-gamma dose rate measurements had been
observed. The apparent cause of these anomalies was elevated
uranium activity in the soil. Sample FMP-SS-46-277 had elevated
depleted uranium with U-238 at 609 pCi/g. Other samples taken

from this general area had negligible uranium activity concen-

trations.

Radionuclide Distributions in the Fly Ash Areas

The majority of the samples containing uranium in the fly ash
areas had U-238, U-234, and U-238 isotopes near natural abun-
dance. These 1included samples taken from the construction
rubble Jjust north of the upper fly ash area. The activity
concentrations in this area ranged from several pCi/g to
approximately 500 pCi/g.

The samples from other areas contained uranium from mixed
sources. .In a wooded area, on the steep berm northeast of the
running track, -soil sample FMP-SS-24-081 was collected based on
an anomalous FIDLER measurement (see Figure 3-4). This sample
had U-234, U-235, and U-238 activity c