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EXECUTIVE SUMMARY

The K-1407-C Retention Basin was a surface impoundment at the Oak Ridge K-25 Site.
The basin was used primarily for storing potassium hydroxide scrubber sludge generated at
the K-25 Sitc. In addition, from 1960 to 1973, metal hydroxide sludges that were removed
from the K-1407-B Holding Pond were discharged to the K-1407-C Retention Basin. The
sludge in the K-1407-B Pond contained discharge from the K-1420 Decontamination and
Uranium Recovery, the K-1501 Steam Plant, the K-1413 Laboratory, and the K-1401

- Maintenance Building. Radioactive material is also present in the K-1407-C Retention Basin,
probably the result of cleaning and decontamination activities at some of the aforementioned
facilities. The discharge of waste materials to K-1407-C was discontinued before November
of 1988, and all sludge was removed from the retention basin. Some of the sludge was stored,
and the remainder was fixed in concrete.

This Data Evaluation Technical Memorandum is specific to the K-1407-C Retention
Basin and includes information pertinent to the evaluation of soil contamination. The focus
of this evaluation is the effectiveness of the Phase 1 investigation of the K-1407-C Retention
Basin to define site conditions adequately to support decisions regarding appropriate closure
alternatives. This includes the physical characterization of the site area and the
characterization of the nature and extent of contamination at the site in relation to risk
characterization and statistical evaluation.

The present evaluation has concluded that the investigation of the K-1407-C Retention
Basin has not characterized the site well enough to support decisions regarding closure
activities. Information regarding the physical characterization and the extent of contamination
at the site is deficient. The health-based screening of contaminants detected in soil at the
K-1407-C Retention Basin indicates that a majority of the samples taken from a 12- to 18-in.
interval contain radioactive contaminant concentrations exceeding guideline values. Because
the 18-in. samples contained radionuclides, the depth of contamination is not fully
characterized at this site. Therefore, additional sampling is recommended to determine the
depth and lateral extent of radioactive contamination.



1. INTRODUCTION

1.1 K-25 SITE REGULATORY HISTORY

The Oak Ridge K-25 Site was built as part of the Manhattan Project during World
War 11 to supply uranium-enriched material for nuclear weapons production. Construction
of the K-25 Site started in 1943, and the K-25 Building, the first diffusion facility for
large-scale separation of 2*U, was fully operable by August 1945. Additional buildings
involved in the enrichment process, K-27, K-29, K-31, and K-33, were operable by 1956. In
response to the nation’s postwar nuclear emphasis, plant operations were modified (o include
the production of uranium compatible with reactors used to generate electric power. The
K-25 Site continued to provide enriched uranium until 1985.

The separation process along with associated decontamination, maintenance, and -
fabrication processes resulted in the generation of various hazardous and radioactive waste
by-products. Hazardous waste treatment, storage, and disposal (TSD) facilities, such as the
K-1407-C Retention Basin, were created at the K-25 Site to handle such by-products. Some
of these facilities continue to receive hazardous wastes, while others have been decommis-
sioned. These TSD facilities are currently subject to the requirements of several laws:

- o Resource Conservation and Recovery Act (RCRA): created in 1976 as a management

system for hazardous wastes that mandates permitting currently operating TSD facilities.

e Hazardous and Solid Waste Amendments: amendments to RCRA (1984) which extended
the authority of the Environmental Protection Agency (EPA) to correct releases to all
media from all solid waste management units (SWMUs) at RCRA facilities.

Under RCRA a SWMU is defined as any “discernible waste management unit at a
RCRA facility from which hazardous waste or hazardous constituents might migrate,
irrespective of whether the unit was intended for the management of solid or hazardous
waste. Such units include any area at a facility at which hazardous wastes or hazardous
constituents have been routinely and systematically released.”!

¢ Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA,
also referred to as Superfund): created in 1980 to establish a program to (1) identify sites
(operable units) from which environmental releases of hazardous substances have
occurred or might occur, (2) ensure that they are cleaned up by responsible parties or
the government, (3) evaluate damages to natural resources, and (4) create a claims
procedure for parties who have cleaned up sites or spent money to restore natural
resources. Sites identified by CERCLA are evaluated and then placed on the National
Priorities List if appropriate.

e Superfund Amendments and Reauthorization Act: signed into law in 1986 as a 5-year
extension of the Superfund/CERCLA program to clean up hazardous releases at
uncontrolied or abandoned hazardous waste sites.
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e National Environmental Policy Act (NEPA): directs public officials to consider the
impacts of their actions (e.g., construction, remediation) on the human environment as
a part of all decision-making processes.

12 Y-1407-C RETENTION BASIN REGULATORY HISTORY

The K-1407-C Retention Basin is a surface impoundment at the K-25 Site which received
waste streams from 1972 to 1988. This basin is a RCRA Interim Status unit; a closure plan
for the impoundment was submitted (May 1988) to the Tennessee Department of Heaith and
Environment (TDHE, now the Tenrcssee Department of Environment and Conservation).?
This plan was approved, and removal of sludge was undertakza at that time. Verification
sampling as required by the closure plan was then conducted. However, the results of this
sampling indicated the presence of unsuspected radionuclide contamination. Although
radionuclides are not regulated under RCRA, a revised closure plan was submitted (April
1990) which addressed the radlonuchde concerns and called for additional sampling prior to
the completion of closure activities.®

Chapter 3 of the revised closure plan states that “the results of the investigation will be
compared to the guideline values contained in the Data Analysis Approach Report for
K-1407-B Hnlding Pond and K-1407-C Retention Basin (KER-023) [sic.] . ... Based on the
result of the comparisons, three closure scenarios are possxblc no action, excavation, or
another option.™* Therefore, the objectives of the investigation were to (1) determine if all
RCRA hazardous constituents had been removed from the basin, (2) further define the
nature of the radionuclide contamination, (3) determine i the radionuclide contamination was
local or areal in extent, and (4) determine if concentrations were decreasing with depth.
Subsequently, the sampling and analysis activities were outlmed in the “Sampling Work Plan:
K-1407-C Retention Basin,” K/ER-21, and implemented.’ The analytical results werz
analyzed, and the data evaluation is contained within this report.

13 PURPOSE OF THE DATA EVALUATION
TECHNICAL MEMORANDUM

This Data Evaluation Technical Memorandum (DETM) is specific to the K-1407-C
Retention Basin and includes the findings of a multidisciplinary team that evaluated analytical
data from the soil samples. The DETM will serve to provide an appraisal of the Phase 1 data
in terms of their ability to meet the proposed objectives of the sampling work plan.
Additionally, the data are evaluated in relation to their validity and representativeness with
respect to human-health risk assessment.

1.4 PREVIOUS DOCUMENTATION

Several documents ri:levant to the investigation of the K-1407-C Retention Basin have
been previously prepared. These documents are listed below with a brief explanation of their
content and relevance to this project.
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Closure Plan: K-1407-C Retention Basin, K/HS-221. The original closure plan which was
submitted to TDHE (now the Tennessee Department of Environment and Conservation)
for approval.2

Closure Plan: K-1407-C Retention Basin, K/ER-27 and K/HS-221/R2. The revised closure
plan which addresses the presence of radionuclide contamination in the basin.

“Sampling Work Plan: K-1407-C Retention Basin,” K/ER-21 (Appendix 5 of the Closure
Plan: K-1407-C Retention Basin). The sampling work plan contains the justification and
rationale for the sampling locations and parameters. Also included within this report are
the health and safety procedures implemented during the sampling activities and a
description of the analytical procedures.®

Site Characterization Summary, K-1407-C Retention Basin, K/ER-33. This document
(1) summarizes all preexisting data, (2) summarizes the analytical results from the
sampling outlined in K/ER-21, (3) addresses the development and initial screening of
remedial alternatives, and (4) addresses potential applicable or relevant and appropriate
requirements.®

Data Analysis Approach Report for K-1407-B Holding Pond and K-1407-C Retention
Basin, K/ER-23. This report contains information describing the cata evaluation process
conducted prior to the generation of the DETM.’

RCRA Facility Investigation Plan General Document, K/HS-132, Revision 1. This plan,
referred to as the “General Document,” serves as a comprehensive reference for
individual RCRA facility investigation (RFI) plans as well as for other K-25 Site RFI
documentation. The General Document characterizes the K-25 Site environment, locates
all known SWMUs, and provides a perspective of the scope of the K-25 operation.
Sampling strategies, quality assurance (QA), and quality control (QC) associaied with
sampling and analysis and data management are discussed, along with procedures
established to protect the health and safety of employees and the public.®




2. DESCRIPTION OF THE STUDY AREA

21 PHYSICAL CHARACTERISTICS
2.1.1 Geographic Location

The K-25 Site is located in east Tennessee ~20 miles northwest of Knoxville, Tennessee
(Fig. 1), and 6 miles west of the city of Oak Ridge (Fig. 2). The K-1407-C Retention Basin
is located in the northeast corner of the K-25 Site. Figure 3 is a site location map.

2.12 Climatology

Weather patterns in Oak Ridge are generally temperate, with warm, humid summers and
cool winters. Extreme temperatures are uncommon because of the moderating influences of
the adjacent mountain ranges. Annual average precipitation is 1.36 m, including ~0.25 m of
snowfall.” Heavy precinitation occurs mostly in January, February, and July, while spring and
autumn are relatively dry.

Although wind conditions in the Oak Ridge area are some of the calmest in the United
States, an investigation of the wind patterns in the Oak Ridge Reservation (ORR) area
confirmed good ventilation up and down the valleys. This ventilation helps circulate the air
masses over Oak Ridge. Prevailing winds blow up-valley from the southwest during the day
and down-valley from the northeast in the early evening and at night. This effect, which is due
to the channeling of wind by the regional ridge and valley topography, is not as evident in the
vicinity of the K-25 Site, which is in a relatively open area.-? Poor air dilution typically
occurs in October because of slow-moving high-pressure cells. Severe electrical storms, wind
storms, and tornadoes rarely occur in the Oak Ridge area. The major contributor to this
stability of air movement is the Cumberland Plateau. In addition, the area is protected by the
Appalachian Mountains from the hot southeasterly winds and tropical storms which
sometimes develop along the Atlantic coast.

213 General Regional Demography

The K-25 Site is part of the 63,000-acre federally owned ORR, which is located in
Anderson and Roane counties. There are five counties surrounding the Reservation:
Anderson, Knox, Loudon, Morgan, and Roane. The combined population of these five
counties is slightly greater than 500,000.

The two major popula‘ion centers within 30 miles of the site are Oak Ridge (~28,000),
which lies 6 miles east of the plant, and Knoxville (~183,000), which is ~20 miles southeast
of the site. Several smaller cities are located within the nearby counties: Clinton (~5200),
Harriman (~8300), Kingston (~4500), Lenoir City (~5500), Loudon (~4000), Oliver Springs
(~3600), and Rockwood (~5800)." The locations of these cities are given in Fig. 4. The
largest population (~2400) within a 2-mile radius of the K-25 Site is composed of the on-site
employees of the facility. In addition, a small number of visitors are present at the site at any

- ' L
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given time. Other nearby facilities where local residents may be employed include the two
industrial sites in the Clinch River Industrial Park and the Security Guard Training Facility
on Bear Creek Road. One of the industrial facilities is operated by the International
Technology (IT) Corporation and employs 70 workers; the other is operated by the Scientific
Ecology Group (SEG) and employs 150 workers. The population present at the Security
Guard Training Facility is dependent upon the ongoing activities.

The nearest privately owned residential properties are in the Sugar Grove Valley, Dyllis,
and Poplar Springs communities. The three communities are comprised of ~50 homes. The
majority of these are located ~1.5 miles north of the K-25 Site in the Sugar Grove Valley and
Dyllis communities. A smaller number of homes are located 2 miles west-southwest of the
plant area and west of the Clinch River, us part of the Poplar Springs community. If an
average of four occupants per dwelling is assumed, the residential population represented
within a 2-mile radius is less than 200. Cther residential areas near the K-25 Site are
Bradbury, which is located ~5 miles to the south, across the Clinch River, and Edgewood and
Lawnviile, which are located immediately west-northwest of the Poplar Springs community.

214 Land Use

According to Chap. 5 of the General Document, the region around the K-25 Site
contains areas of agricultural, residential, industrial, and recreational uses. Because the land
immediately surrounding the plant is a federal reservation, it is primarily undeveloped.'?

Agricultural uses of nearby land include: limited-scale private gardening; raising of
tobacco, corn, whez, and soybeans as cash crops; raising of beef cattle; and dairy farming.
Some areas are also used for commercial logging.'?

Nearby industrial use of the land includes the Oak Ridge National Laboratory (ORNL),
the Oak Ridge Y-12 Plant, Phyton Technologies, Inc., SEG, and I'T Corporation’s Bear Creek
Radiological Laboratory. Only the SEG and IT Corporation laboratories are within 2 miles
of the K-25 Site. Tennessee Valley Authority facilities near the plant are the Melton Hill
Dam, the Bull Run Steam Plant, and the Kingston Steam Plant. None of these is within 6
miles of the plant.!

The nearby Watts Bar Lake Embayment/Clinch River waterway is used as a recreational
area by both pleasure boaters and fishermen. There are a number of small camping areas and
boat launching ramps in the vicinity; one of the ramps is located slightly more than a mile
upstream of the K-25 Site. There are no other recreational facilities within 2 miles of the
K-25 Site. A small dirt-surface racetrack is located ~4 miles south of the plant and attracts
several thousand spectators during the racing season. There is a public swimming area at
Melton Hill Dam, 7 miles southeast and upstream of the plant. Sport hunting of game birds
and game animals occurs seasonally in the region surrounding the plant. Also, deer hunting
is authorized on some parts of the ORR as a population control measure; some of these
seasonal hunting areas are within 2 miles of the K-25 Site.® All harvested animals are
screened for beta and gamma radiation contamination, and those animals with high radiation
readings are confiscated.
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2.1.5 Hydrogeology

. The K-1407-C Retention Basin lies in a small valley located between McKinney Ridge
and Pine Ridge. Both groundwater and surface runoff in the area flow toward the south-
southwest to the K-1700 Stream (also known as Mitchell Branch), which flows ~1500 ft before
discharging into Poplar Creek. Groundwater flow in this area occurs mainly in the limestone
bedrock within a system of interconnecting, solution-enlarged fractures and bedding planes.
The geologic feature that may have the greatest influence on the migration of site
contamination is a branch fault of the Whiteoak Mountain Fault. The extensive fractures and
brecciation associated with faulting could serve a preferable pathway if contamination is

transported via groundwater. The exact location of the fault relative to the K-1407-C
Retention Basin has not been determined.

2.15.1 Geology

The unconsolidated material in the area of the K-1407-C Retention Basin ranges in
thickness from 11 to 40 ft. The thickness of the unconsolidated zone decreases along the axis
of the valley and increases along the hillsides to the north and south. The unconsolidated
material is comprised of clay and lithic fragments. The K-1407-C area is underlain by rocks
of the upper part of the Conasauga Group, which typically consists of massive limestone or
limestone interbedded with calcareous shale. The limestones are generally gray to blue-gray,
fine-grained, and oolitic, and the shale is gray to blue to green-gray with minor amounts of
chert. The upper Conasauga, which may contain some dolomite or dolomitic limestone, grades
stratigraphically downward (to the south) into predominantly calcareous shale.

The structural attitude of bedrock strata in the K-1407-C area is inferred from field
measurements in nearby areas by R. H. Ketelle of ORNL (unpublished geologic m~p). The
areal geology of the K-25 Site is shown in Fig. 5. The strike of the bedding in the area of the
K-1407-C Retention Basin is roughly east-west. The bedding is very steeply inclined, probably
dipping mainly to the south, although some bedding may dip to the north. The steep and
variable dips are the result of structural deformation associated with the Whiteoak Mountain
Fault. The predominant geologic feature in the area is a splay fault associated with the
Whiteoak Mountain Fault. This north-south trending fault transverses the area of the site.
This fault is the result of tectonic activities which have thrust the Conasauga Group over the
Chickamauga limestone to the west. The faulting has caused extensive fracturing and jointing
within the affected bedrock strata, in particular the more competent limestones and
dolostones. The fault may influence the migration of contaminants from the site via
groundwater. The exact location of the fault has not been determined.

2.1.52 Hydrology

The K-1407-C Retention Basin is located in the K-1700 watershed, which drains the
northeastern corner of the plant first in a westerly direction and then northward to Poplar
Creek. Downgradient from the site, surface runoff is collected into subsurface drains along
with storm drains from other parts of the plant and considerable groundwater effluent. This
water then flows through the K-1700 National Pollutant Discharge Elimination System station.
There are no perennial streams [other than K-1700 (Mitchell Branch)] or springs on this site.
According to data generated by the Tennessee Valley Authority, the K-1407-C area is above
the 160-year flood level.
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Groundwater flow in the unconsolidated and bedrock zones is toward the valley where
it discharges to the K-1700 Stream, as illustrated in Figs. 6 and 7. Bedrock wells (BRWs)
BRW-13 and BRW-14 are paired with unconsolidated wells (UNWs) UNW-11 and UNW-10,
respectively. (See Figs. 6 and 7.) Water elevations from these paired wells indicate a
downward vertical groundwater flow gradient in the area of the retention basin. Hydraulic
head measurements from unconsolidated wells in the vicinity indicate that the water table is
relatively close te the bottoia of the retention basin. The bottom of the retention basin has
an elevation of ~758 to 760 ft, and the elevation of the water table in September 1990 was -
~750 to 755 ft in the area of the retention basin. The relationship of the groundwater is likely

to have a significant influence on the migration potential of contamination from the soil in
the retention basin. :

Groundwater storage and flow in the K-1407-C area occurs mainly in the limestone
bedrock within a system of interconnecting, solution-enlarged fractures and bedding planes.
The shales are more subject to plastic deformation, and their fractures tend to be relatively
tight and restrictive to groundwater flow. Hydraulic conductivity of the unconsolidated
material ranges from 107 to 10 cm/s. Most of the tests produced values in the 10°- to
10*-cm/s range. Hydraulic conductivity measured in BRW-7 and BRW-8 was 10* and 10°
cm/s, respectively. The hydraulic conductivity determined for wells in the vicinity is listed in
Table 21.

2.1.6 Data Limitations Related to Physical Characterization

Additional characterization of the hydrogeology of the area is needed to determine the
potential for contaminant transport via groundwater. The relationship of groundwater to the
retention basin and the exact iocation of the fault in the area of the K-1407-C Retention
Basin are not known. These factors could have a significant influence on the groundwater
regime and transport pathways from the retention basin. Additionally, to quantify the
migration potential of contaminants via the groundwater or surface water, soil parameters
influencing transport, such as particle-size distribution, porosity, soil pH and oxidation-
reduction potential, cation-exchange capacity, mineralogy, and organic carbon fraction must
be determined.

22 OPERATIONAL AND HISTORICAL INFORMATION

Until September 1985, the K-25 Site was involved in the enrichment of 2°U using
uranium hexaflouride. This material was then processed and used as fuel in nuclear power
reactors for electrical power generation. The K-1407-C Retention Basin is a surface
impoundment at the K-25 Site. The basin has a storage volume of ~4 million gal and was used
primarily for storing potassium hydroxide scrubber sludge generated at the K-25 Site. In
addition, from 1960 to 1973 metal hydroxide sludges that were removed from the K-1407-B
Holding Pond were discharged to the K-1407-C Retention Basin. The sludge in the K-1407-B
Pond contained discharge from the K-1420 Decontamination and Uranium Recovery Unit,
the K-1501 Steam Plant, the K-1413 Laboratory, and the K-1401 Maintenance Building. In
addition, radioactivc material in the K-1407-C Retention Basin may be the result of cleaning
and decontamination activities at the aforementioned facilities.
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Table 1. Hydraulic conductivities in the K-1407-C area

- Method of analysis
Bouwer (cm/s)  Hvorslov (cm/s)

Well designation

UNP-3 5.40 x 10 1.66 x 10°
UNP-4 2.79 x 10 8.19 x 10
UNP-5 3.23 x 10° 4.28 x 10*
UNW-1 3.56 x 10 421 x 10*
UNW-2 144x10  611x 10
UNW-3 233 x 10* 4.83 x 10
UNW-4 1.08 x 10* 4.01 x 10°*
UNW-5 238 x 10° 2.16 x 10°*
UNW-6 3.72x 10° 347x 10°
UNW.7 1.08 x 10* 6.51 x 10°
UNW-8 1.01 x 10* 3.60 x 10*
UNW-9 2.56 x 10° 8.23 x 10°
UNW-10 1.06 x 107 3.08 x 107
UNW-11 543 x 107 2.51 x 107
BRW-1 1.34 x 10°

BRW-7 3.58 x 10°

BRW-8 6.71 x 10°

The discharge of waste materials to K-1407-C was discontinued before November of
1988, and all sludge was removed and stored or fixed in concrete. I iquid waste and the sludge
layer in the retention basin were removed using a portable hydraulic dredge that was mounted
on a pontoon. To facilitate the sludge removal, berms were constructed to subdivide the
retention basin by mounding the soil and sludge from the retention basin bottom. If possible,
liquid and sludge were pumped through a discharge line to the K-1419 Sludge Fixation Plant.
In the event the material would not pass through the discharge line, it was hauled with a clam
shell from the northeast end of the retention basin and transported to the K-1419 facility.
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Removal of material was continued until indigenous soil was encountered and the retention
basin was visibly clean.

23 PREVIOUS INVESTIGATIONS

A waste-sampling program to characterize the sludge in the K-1407-C Retention Basin
was conducted in May 1985. In addition to sludge sampling, the investigation included
sampling the soil beneath the sludge in 6-in. intervals to a depth of 18 in. The sampling
method and analytical results are included in the Closure Plan: K-1407-C Retention Basin
(K/ER-27).2 Evaluation of the data resulting from this sampling program indicated that the
concentrations of hazardous waste constituents in the soil below the sludge layer did not
exceed the proposed toxicity characteristic leaching procedure limits. Additionally, the organic
constituents present in the sludge layer were not detected in the soil layers, and the extraction
procedure toxicity constituents which were detected in the sludge and soil were not in the
groundwater. Based on these results, a clean closure of K-1407-C Retention Basin was

proposed.

After the removal of sludge from the K-1407-C Retention Basin, preliminary soil
sampling was performed to ascertain if contamination had migrated into the soil beneath the
sludge. This sampling effort consisted of five samples taken along the long axis of the
retention basin. The results indicated that no organics or other RCRA hazardous constituents
were present, but radionuclides were detected in all samples. The analytical results of the
preliminary soil samples are included in the Closure Plan: K-1407-C Retention Basin
(K/ER-27).> Based on the radionuclide contamination detected in the five exploratory
samples, a large-scale soil sampling operation was conducted, the results of which are the
subject of the current evaluation.
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3. FIELD INVESTIGATION

3.1 SAMPLING

The most recent attempt to determine the extent of soil contamination in the K-1407-C
Retention Basin was initiated in 1989. Fifty-seven sample locations were based on a 75- by
29-ft grid overlay of the retention basin, shown in Fig. 8. In addition, 23 samples were
collected at locations of anomalously high radiation indicated during a walking radiation
survey of the retention basin (Fig. 8). The samples taken as a result of the radiation survey
are designated as biased samples. The biased samples were taken in an attempt to account
for radioactive contamination at locations which are not included in the sampling grid. The
use of biased and grid sampling should ensure the thorough characterization of the horizontal
extent of radionuclide contamination in the retention basin. Samples at these locations were
taken in 6-in. intervals to a depth of 18 in. Samples were analyzed for gross alpha, beta, and
gamma radioactivity; for the radioactive isotopes americium, cesium, cobalt, curium, europium,
neptunium, plutonium, potassium, strontium, technetium, and uranium; and for metals.

32 RESULTS OF GAMMA AND BETA-GAMMA SURFACE SCANS

Surface gamma scan ranges in accessible areas of individual grid blocks at the K-1407-C
Retention Basin are shown in Fig. 9. Typical exposure rates generally ranged from 11 to 15
uR/h outside the rope boundary and from 11 to 29 pR/h inside the rope boundary. Highest
scan ranges reached 120 pR/h in grid block 10C and 79 pR/h in grid blocks 6E, 8E, and 18E.
Gamma exposure rates exceeded 40 pR/h in more than half of the grid blocks and exceeded
typical levels of the immediate vicinity (11 to 15 pR/h) in all grid blocks.

The beta-gamma scan was conducted primarily to identify areas contaminated with
radionuclides that are not strong gamma emitters (such as **Tc and strontium). Surface beta-
gamma scan ranges in accessible areas of individual grid blocks are shown in Fig. 10. Typical
beta-gamma dose rates in uncontaminated areas inside the rope boundary generally ranged
from 0.036 to 0.072 mrad/h; highest dose rates reached 1.9 mrad/h in grid block 10C, 1.6
mrad/h in 8E, and 1.4 mrad/h in 2G and 16G. Beta-gamma radiation levels exceeded typical
background levels in 17 grid blocks. Details of the gamma and beta-gamma surface scans are
summarized in Table 2.

Figure 11 shows the approximate locations of specific contaminated spots and areas
identified during the surface scan. Gamma exposure rates ranged from 17 to 120 pR/h, and
beta-gamma dose rates ranged from 0.036 to 1.9 mrad/h. Radiation levels were generally
higher on the north side of the basin at the base of the bank and extending up the bank and
on the earthen dike that projects from the north bank to near the south bank at the center
of the basin along grid line 7. Typical gamma levels on the road north of the basin (not shown
on Fig. 11) ranged from 12 to 15 pR/h. Typical gamma levels along the top of the south bank
generally ranged from 11 to 15 pR/h and increased to 17 to 23 pR/h as the surveyor
descended the bank toward the bottom of the pond. Nine contaminated spots with gamma
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exposure rates ranging from 36 to 85 uR/h were identified outside the rope boundary. In
addition, a spot ~1 m* measuring 17 to 36 pR/h and 0.18 mrad/h (not shown on Fig. 11) was
identified on the road in the area north of grid line S.

33 GAMMA EXPOSURE RATES AND BETA-GAMMA DOSE RATES AT SAMPLING
POINTS

Gamma exposure rates and beta-gamma dose rates measured at the surface and at depths
of 6, 12, and 18 in. are given in Appendix A, along with sample numbers, stake numbers,
locations, dates, times, analyses, and comments. Gamma radiation levels fluctuated with
increasing depth in 38% of the sampling holes, decreased with depth in 30%, remained
constant in 18%, and showed slight increases in 14%. Beta-gamma radiation levels decreased
with increasing depth in 60% of the sampling holes and fluctuated with increasing depth in
38%. Gamma exposure rates of samples ranged from 11 to 130 pR/h; beta-gamma dose rates
ranged from 0.014 to 1.7 mrad/h. Figure 12 shows surface gamma exposure rates at sampling
points ranging from 11 to 110 uR/h, and Fig. 13 shows surface beta-gamma dose rates at the
same points ranging from 0.030 to 1.7 mrad/h. Sampling points that appear to be covered with
water were sampled during dry periods when the water pools were smaller.

3.4 ALPHA RADIATION

On September 19, 1989, alpha contamination measuring {100 dpm/100 cm? was detected
on a pair of field work gloves. The gloves were discarded. On September 20, 1989, alpha
contamination measuring ~100 dpm/100 cm? was detected on the soles of a pair of knee-
length rubber boots. The boots were decontaminated by scrubbing with soap and water. On
October 3, 1989, alpha contamination measuring 400 dpm/100 cm* was detected on a pair of
plastic safety glasses. In this case, the contamination could not be removed by scrubbing with
soap and water; the glasses were disposed of according to the rules and regulations governing
radioactive wastes.

3.5 AMBIENT AIR

No radiological contamination was detected when the filters from personal air samplers

worn by site personnel during dry, dusty conditions were analyzed for alpha- and beta-emitting
radionuclides.

HNU™ and OVM™ readings in the breathing zone were consistently less than 1.0 ppm.
On November 9, 1989, a fluctuating OVM reading of 0.0 to 1.4 ppm was measured at the top
of the sample hole during the collection of sample BHOS6ASO12A; the OVM reached
6.0 ppm very briefly during this sample interval. A fluctuating OVM reading of 0.0 to 1.6 ppm
was measured when another sample (BHO56ASO18A) was collected from the same hole.
OVM readings in the breathing zone ranged from 0.0 to 0.3 ppm during the collection of
these two samples.
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K-1407-C Retention Basin

Table 2. Summary of findings from surface gammia and beta-gamma scans at the

Gamma CXposure rales

Beta-gamma dose rates

Surface Surface
sean c e . — scan Comments on beta-gamma
Cirid range omiments on gamma scan range “ca
g Ju n

block® (1R /M) (mrad/h)

18G 15-57  Generally 17-29 uR/h; spots 0.018- Generally 0.036-0.072 mrad/h;
up to 54 R/ along line 0.89 spots along bottom of bank
between 17H and 19H; 0.11-0.68 mrad/h; arca 15 ft
highest measurernent W of 19H measured
(54 pR/h at surface, 23 pR/h 0.89 mrad/h at surface and
at 1 m) found ~15 {u W of (0.058 mrad/h at 1 m
19H at center of 10- x 10-ft
arca measuring 29-54 uR/h

I8E 17-79 Generally 17-29 uR/h with 0.036- Generally 0.036-0.072 mrad/h;
onc small arca (<1 m?) 0.32 highest measurements at 19F:
ranging from 29-79 uR/h at (.32 mrad/h at surface,
19F; highest measurements: 0.072 mrad/h at 1 m
79 uR/h at surface, 32 pR/h at
Im

18C (123 Generally 17-23 uR/h, 0.036- Generally 0.036-0.072 mrad/h
11-17 uR/h along bunk 0.072

16G 2367 Generally 23-29 g/ 0.036- Generally 0.036-0.072 mrad/h;
clevated region (<35 x 5 1) 1.4 spotty contamination in N
with spots (29-67 uRk/h) part of grid block ranging
extending from line ~5 {t5 of from 0.11-1.4 mrad/h; region
I15H-17H N up steep bank; W and N of 17F measured
se und clevated region (0.11-0.29 mrad/h
(29 R/ extending ~15 ft W
and 10 ft N of 17F

161 2329 Generally 23-27 uR/h, (.036- Generally 0.036-0.072 mrad/h;
clevated region at NE corner 0.13 spots along 1SF-D measuring
described in Block 106G, spots (.13 mrad/h
along 15F-D measuring
29 uR/h

16C 11.27 Generally 23-27 puR/h 0.018- Generally 0.018-0.072 mrad/h

0.072

14G 17.4%  Generally 17-29 pR/hy, 0.036- Generally 0.036-0.072 mrad/h;
17-48 R/ on bank, waler 0.43 0.072-0.43 mrad/h on bank;
standing at W end walcer standing W end

I 41 13-33 Generally -23 pR/h; ranging 0.036- Generally 0.036-0.072 mrad/h,
t0 29 R/ in elevated region 0.16 ranging to 0.16 mrad/h in

near center of block

clevated region near center of
block
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Table 2 (continued)

Gamma exposure rates

Beta-gamma dose rates

Surface Surface
scan scan Comments on beta-gamma
Grid range Comments on gamma scan range scan
block”  (uR/h) (mrad/h)
14C 23-67  Generally 23-27 uR/h; spot 67  0.036-  Generally 0.036-0.072 mrad/h;
‘ uR/h 0.27 spot 0.27 mrad/h
12G Almost entirely covered by
water; spots 32 and 36 uR/h.
12E 13-29  Generally 17 uR/h; water 0.029-  Generally 0.036-0.072 mrad/h;
covering most of N side 0.12 water covering most of N side
12C 11-23  Generally 11-23 uR/h 0.018-  Generally 0.018-0.072 mrad/h
0.072
10G - 17-61  Generally 17-23 uR/h Beta-gamma scan impossible
because of overgrown
vegetation
10E 17-48  Generally 17-29 uR/h; 0.036- Generally 0.036-0.072 mrad/h;
48 uR/h in erosion runnels N 0.30 0.072-0.29 mrad/h south of
of washout channel drainage channel with highest
levels in erosion runs
10C 11-120  Generally 11-17 uR/h; spot 0.036-  Generally 0.036-0.072 mrad/h;
120 uR/h near 9B; elevated 19 spot near 9B measured
levels along south edge of 1.9 mrad/h
block at base of bank
8E 17-79  Generally 17-23 uR/h on flat 0.036-  0.036-0.072 mrad/h on S side
area S of slope, 29-79 uR/h 1.6 of block; 1.6 mrad/h at
on N side of block in erosion 54-uR/h spot on berm; water
‘ runs; water in SE corner in SE corner
8C 11-58  Generally 11-17 uR/h; high 0.036-  Generally 0.036-0.072 mrad/h;
58 uR/h 0.35 elevated levels along berm at
W end of block; 0.35 mrad/h
at 58-uR/h spot
6G 12-85  Generally 12-23 uR/h 0.036-
0.56
6E 23-92  Generally 23-29 uR/h S of 0.036-  Generally 0.036-0.072 mrad/h;
slope on flat area; elevated 0.68 0.072-0.68 mrad/h in elevated

levels on berm at E end of
block and on slope at N end
of block

area
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Table 2 {continued)

Grid

block?

Gamma exposure rates

Beta-gamma dose rates

Surface

scan

range

(4R/h)

Comments on gamma scan

Surface
scan
range
(mrad/h)

Comments on beta-gamma
scan

6C

4G

4E

4C

2G

2E

2C

West
end

11-73

12-23

17-44

15-36

15-42

11-23

15-23

Generally 11-23 uR/h, with
several elevated spots on
berm at E end; highest spot,
73 uR/h; water and mud
covered W end of block

Generally 12-13 xR/h in flat
area, 13-17 uR/h on slope,
23 uR/h in erosion runs

Generally 17-23 uR/h;
elevated region, 23-44 uR/h,
along bottom of slope; water
and mud covering S part of
block prevented thorough
survey

Block almost entirely covered
with water and mud; surveyed
area generally 15-17 uR/h,
with elevated spots

21-36 uR/h

Generally 15-17 uR/h, with
elevated spots up to 42 uR/h;
vegetation prevented
thorough survey

Generally 15-17 uR/h; heavy
vegetation prevented
thorough survey

Mostly covered by water and
mud. Generally 15-17 uR/,
with one spot 23 xR/h

Slope at west end generally
29-42 uR/h, with some spots

48 uR/h

0.036-
0.36

0.036-
0.49

0.036-1.4

0.036-
0.072

0.11-0.36 mrad/h on berm;
0.11-0.25 mrad/h in 15-ft strip
beside berm; water and mud
covered W end of block

0.040 mrad/h at 23-uR/h spot
in erosion run

No beta-gamma survey
because of water and mud

Very limited beta-gamma
survey because of vegetation

No beta-gamma survey
because of mud and water

“Grid blocks are shown in Figs. 9 and 10.
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3.6 SIGNIFICANCE OF FIELLD MEASUREMENTS

Survey results show widespread residual radioactivity at the K-1407-C Retention Basin
site. Typical surface gamma exposure rates in the vicinity of the basin ranged from 11 to
15 wR/h, while accessible arcas in the basin ranged from 11 1o 120 wR/h, with all grid blocks
exceeding typical background levels. Numerous spots of surface contamination ranging from
23 to 79 pR/h were primarily concentrated on the north side of the basin at the base of the
bank, cxtending up the bank, and along the top of the carthen dike that bisects the basin.
Contaminants consisted of alpta, beta, and gamma emitters; at least a part of the alpha
contamination was transferable to boots and equipment.

Typical surface beta-gamma dose rates ranged from 0.036 to 0.072 mrad/h, with highest
measured levels reaching 1.9 mrad/h (25 to 50 times typical levels). Surface beta-gamma scan
ranges exceeded typical background levels in 80% of the grid blocks surveyed.

Contamination in the arca is not entirely confined to the basin. Nine contaminated spots
ranging {rom 36 to 85 pR/h were identified outside the rope boundary. Another spot
measuring 17 to 36 pR/h (0.18 mrad/h) was identified on the road north of the basin,

Approximately 25% of the basin was inaceessible during the period of this survey because
ol standing water, heavy vegetation, or steep terrain, It is highly probable that additional
contamination is located in the inaccessible arcas.

3.7 DATA LIMITATIONS

Limitations associated with the sampling of the K-1407-C Retention Basin are related
to the ability of the investigation to represent adequately the distribution of contaminants in
the soil. One of the berms constructed during the sludge removal remains across the west end
of the retention basin. This berm was produced by mounding soil from the floor of the
retention basing therefore, itis not reasonable to assume a correlation between samples taken
from the berm and other locations. In addition, it should be noted that sample depth does not
correlate to the soil's original depth benceath the bottom of the sludge. During removal of the
sludge, the amount of material excavated relative to the original retention basin bottom
varied; therefore, samples of the same depth cannot be strictly correlated in relation to their
proximity to the source of contamination. Because samples were not taken below 18 in., the
depth to which contamination extends is unknown. Finally, because no background samples
arc available, it is difficult to differentiate between naturally occurring regional background
metal concentrations and metal concentrations related to site operations.
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4. QUALITY ASSURANCE/QUALITY CONTROL

4.1 DATA QUALITY OBJECTIVES

The data quality objectives for the K-1407-C Retention Basin are to obtain samples
representative of the soil beneath the site. A review of the operations conducted at the site
revealed that the site was used for storing sludge containing metallic or radioactive
compounds. Although the sludge was removed, there was insufficient information on the site
to determine the completeness of the sludge removal process or the effects of leaching from
the sludge prior to removal. There is no evidence of organic contamination at the site; thus
no organic analyses were necessary. Because of the nature of the site, soil was the only
medium sampled. In addition to the soil samples, various QA samples were analyzed. These
samples included equipment rinsates used to determine the adequacy of field cleaning
procedures and field blanks to assure that water used in the field was not contaminated.
Matrix spike samples were analyzed to determine the effectiveness of analytical preparation
methodology. The samples were collected, prepared, and shipped following accepted EPA
methodology. The metal analyses were performed according to accepted EPA protocol. There
is no established EPA protocol for radiological samples. The analytical data for K-1407-C
Retention Basin soil is presented in Appendix B.

42 ANALYTICAL METHODOLOGY

Samples were analyzed for metals (including mercury) by the Analytical Chemistry
Department of the Oak Ridge K-25 Site and for radiological components by the ORNL
Analytical Chemistry Division. Table 3 is a summary of the number and the types of analyses
performed on samples as part of the K-1407 Retention Basin investigation.

Table 3. Summary of K-1407-C analyses

Soil samples Water samples
Analysis Matrix Equipment Field
Samples samples rinsates blanks
ICP metals 4 7 0 0
Mercury 47 4 0 0
Radiochemical 27 0 16 14
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42.1 Inorganic

As stated in Sect. 4.1, the site was used for the storage of metal-contaminated sludge;
consequently, the presence of metallic contamination was a concern in the site investigation.
The analytical method EPA-6010 (SW-846) was used for the determination of all metals of
concern except mercury. Mercury was determined by the analytical method EPA-7471 (also
SW-846).

4.22 Radiochemical

Radiochemical contamination was determined to be the major concern for the K-1407-C
site because of the storage of major quantities of potassium hydroxide scrubber sludge that
contained radiochemical contamination; therefore, all samples collected were analyzed for
radiochemical contamination. The aqueous QA samples (equnpment rinsates and field blanks)
were preserved by lowering the pH of the samples to <2.0 using HNO,. The procedures for
specific radiochemical analytes are given in Table 4. Since there are no EPA-approved
procedures for most of the specific radiochemical analytes, the samples were analyzed using
ORNL radiochemical methods.

Table 4. Radiochemical analysis

methodologies
Analyte Analytical method

HAm ORNL 231034
(e EPA 905.0
“Co EPA 905.0
*Cm ORNL 231034
2INp CRNL 231535
BSpy ORNL 231625
PPy ORNL 231625
*Sr EPA 905.0
*Tc ORNL 221833
By ORNL 231933
By ORNL 231933
Alpha EPA 900

Beta EPA 900
Gamma EPA 901.1

43 HOLDING TIMES

Samples analyzed for metals by inductively coupled plasma (ICP) have holding times of
6 months. None of the samples for ICP metals exceeded holding time limitations. Because
mercury is a volatile metal, the holding time for samples scheduled for .nercury analyses is 28
days. Of the 47 samples analyzed for mercury, 6 were analyzed beyond the 28-day holding
time. These samples are identified in Table 5.
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Table 5. Mercury analyses exceeding holding times

Sample location Hdlding time (days)
09F, 0-6 in, | 29
09F, 6-12 in. 29
09F, 12-18 in. 29
07D, 0-6 in. 30
07D, 6~12 in. 30

07D, 12-18 in. 30

44 EQUIPMENT RINSATES

Equipment rinsates are QA samples designed to demonstrate the cleanliness of
equipment used for sampling. They are used to determine the potential for cross-
contamination of samples. These samples are water samples obtained by washing equipment
with clean water immediately after the completion of the cleaning process. These samples are
preserved according to EPA guidelines for aqueous samples and are then analyzed for all
parameters of interest. For samples taken from the K-1407-C Retention Basin, equipment
rinsates were collected for radiochemical analyses. No equipment rinsates were collected for
samples submitted for metals analyses.

4.4.1 Radiochemical

Only five of the radiochemical analytes showed sample activity at levels which could
indicate potential problems from contamination between samples (cross-contamination). They
are gross alpha, gross beta, ®Tc, Z*U, and 2U. Equipment rinsate results and the
corresponding sample results for those radiochemical analytes are presented in Figs. 14 to 18.
The data are plotted chronologically in order of sampling. The figures show that equipment
rinsate data are only available for a limited number of samples analyzed for PTc, 28U, and
B4U. Data are available for alpha and beta throughout the sampling process. The figures show
that radiochemical activity in the equipment rinsates is insignificant relative to radiochemical
levels in the samples, so no sample-to-sample contamination is indicated.

4.4.2 Inorganic

As stated previously, no equipment rinsates were collected for samples analyzed for
metals. For five metals (nickel, chromium, lead, uranium, and mercury) there were some
samples at elevated levels following samples at higher levels. The possibility of cross-
contamination due to the previous high sample cannot be ruled out without the presence of
rinsate data. The sample data for these five metals are shown in Figs. 19 to 23. The data are
plotted chronologically in order of sampling. The correlation between sample order number
and sample identification is given in Table 6 for nickel, chromium, lead, and uranium and in
Table 7 for mercury.
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Fig. 19. Nickel results.
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Fig. 20. Chromium results.
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Fig. 21. Lead results.
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Fig. 22. Uranium results.
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Fig. 23. Mercury results.
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Table 6. Metals analysis sample log

Order number  Sample location Sam;z}z ;lepth

1 19D ' 6
2 17F 6
3 17B 6
4 19D 12
5 19D 18
6 17F 12
7 17F 18
8 17B 12
9 17B 18
10 15D 6
11 11D 6
12 11D 12
13 11D 18
14 15D 18
15 15D 12
16 13B 6
17 13B 12
18 13B 18
19 9B 6
20 9B 12
21 9B 18
22 9F 6
23 9F 12
24 9F 18
25 7D 6
26 D 12
27 7D 18
28 SF 6
29 SF 12
30 SF 18
31 IF 6
32 IF 12
33 13B 6
34 13B 12
35 13B 18
36 3D 6
37 5B 6
38 5B 12
39 5B 18
40 2E 6
41 2E 12
42 1D 6
43 13E 18
4 13F 18
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Table 7. Mercury analysis sample log

Order number ~ Sample location Sample depth

(in.)
1 19D | 12
2 19D 18
3 17F 12
4 17F 18
5 17B 12
6 17B 18
7 9F 6
8 9F 12
9 9F 18
10 D 6
11 D 12
12 7D 18
13 SF 6
14 SF 12
16 1F 6
17 1F 12
18 19D 6
19 17F 6
20 17B 6
21 1SF-B 6
22 15F-B 12
23 15F-B 18
24 13B 6
25 13B 12
26 13B 18
27 11D 6
28 11D 12
29 11D 18
30 9B 6
34 9F 12
36 D° 6
37 viva 12
38 D" 18
39 D 6
41 5B 12
42 5B 18
43 2E 6
44 2B 12
46 13E 18
47 13F 18

“Field duplicate.
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The following show the possibility of contamination from preceding samples, which can
be noted from the plots:

1. Nickel samples with order numbers 20 (BHO38ASO12B) and 27 (BH045SO18B).
2. Chromium samples with order numbers 20 (BHO38ASO12B) and 27 (BH0455018B).

3. Lead several samples exhibiting the pattern described above with levels above
Table 2.2 of the General Document.*

4. Uranium samples with order numbers 20 (BHO38ASO12B) and 27 (BH(45SO18B).

w

Mercury sample with order number 12 (BH045SO18B), somewhat elevated and
following a high sample, but below guideline values of Table 2.2 of the
General Document and thus of no significance.

4.5 FIELD BLANKS

Field blanks are used during an investigation to determine if contamination found in
equipment rinsates resulted from the use of contaminated rinse water. As with equipment
rinsates, field blank data are only available for radiochemical analytes.

The field blank data for radiochemical analytes are shown in Figs. 14 to 20 along with
the corresponding equipment rinsate data and sample data. No radiochemical contamination
is present in any of the field blank samples.

4.6 MATRIX SPIKE RECOVERIES

Matrix spikes are added to samples that require some form of extraction as a preparation
for analysis. Matrix spikes are solutions of known concentrations of specific representative
compounds added to samples in specific amounts. Comparison of the measured concentration
of the compounds in the spiked samples and the corresponding original samples is used to
determine the effect of the sample matrix on the extraction efficiency.

4.6.1 Inorganic Matrix Spikes

Inorganic matrix spike solutions were added to samples to check the recovery of the
metallic analytes analyzed by ICP. Matrix spikes of cadmium, chromium, copper, lead,
manganese, nickel, and zinc were added although not every matrix spike sample was analyzed
for all seven elements. Matrix spikes were analyzed on 4 of the 47 samples collected for
mercury analysis. Figure 24 shows the matrix spike recoveries for both ICP metals and
mercury. Tk sample order number on the plot is the order number correlated to the sample
identification in Table 6 for ICP metals or Table 7 for mercury. All matrix spikes for ICP
metals and mercury were within the acceptable limits of 75 to 125% recovery.
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Fig. 24. Metal matrix spike recoveries.




4.62 Radiochemical Matrix Spikes

No matrix data exist for radiochemical analytes, and thus no estimate of matrix effects
on the extraction of the analytes can be determined.

4.7 SUMMARY OF RESULTS

4.7.1 Inorganic

All metal analyses (excluding mercury) were performed within recognized holding times,
and matrix spike data were within acceptable limits. Six of the 47 mercury analyses were
performed outside the established holding times. However, they were only 2 or 3 days past
the 28-day holding time, and the quality of the data would not be expected to be reduced.
The mercury matrix spike data are within acceptable limits. Because of the absence of
equipment rinsate data for metal and mercury samples, contamination of samples from
incompletely cleaned equipment is a possibility, as described in Sect. 4.2.4.1. Those data are
of questionable quality and should be used only as estimated concentrations if other
information is available which indicates the measurements to be correct.

4.7.2 Radiochemical

A complete evaluation of the K-1407-C site is impossible because of the lack of complete
radiochemical data. Although there are no established holding times for radiochemical
analyses, some holding times have approached or exceeded 1 year, and data from those
analyses should be used cautiously. Equipment rinsates collected for the early samples show
no evidence of sample-to-sample contamination for any of the radiochemical analytes. Data
were not present for each individual analyte for the entire sampling period. The alpha and
beta activity data for equipment rinsate samples collected over the entire sampling period,
however, indicate no sample-to-sample contamination for any of the alpha- or beta-emitting
radiochemical analytes. Since no radiochemical matrix spike data are available, there is no way
to determine whether preparation procedures for the analytes are free from matrix
interference effects. Because of the length of time for analysis and the lack of any data that
would show matrix effects on the radiochemical analyses, the data should be considered as
estimates only. They could be used for determining general trends or potential locations to
concentrate on in future sampling, but they should not be used for determining exact
concentrations.
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5. PRELIMINARY RISK ASSESSMENT

This chapter examines the ability of the Phase 1 investigation to provide the data
necessary to conduct a comprehensive assessment of the potential adverse human health
effects from exposure to soil contamination at the K-1407-C Retention Basin. A conservative
human health-based screening of soil contaminant concentrations is employed to indicate the
contaminants that pose the greatest potential for producing adverse human health effects.
This screening method is used to evaluate contaminant distribution and the effectiveness of
the Phase 1 investigation to adequately characterize the extent of contamination at the site.
Additionally, this chapter includes an evaluation of the ability of the data to characterize
contamination as it relates to the environmental and exposure pathways that influence the
nature of exposure. This chapter is concluded with a summarization of the Phase 1 data
limitations affecting the production of a baseline risk assessment.

5.1 DATA EVALUATION/POTENTIAL CONTAMINANTS OF CONCERN

The evaluation of data for risk assessment is an iterative process that involves not only
following set procedures, but also making decisions and assumptions concerning the data
based on historical information, disposal records, and “best professional judgment.” Soil data
for the K-1407-C Retention Basin were compiled by the data base manager in accordance
with the specifications outlined in the Oak Ridge Gaseous Diffusion Plant Remedial Action
Program Data Management Plan, K/HS-232, Revision 1.1 The following discussion addresses
the primary steps in the evaluation of data for use in a risk assessment, with regard to the
appropriateness of the data and identification of data limitations. Also, as a result of the data
evaluation, a list of chemicals of potential concern has been compiled.

Evaluation of the analytical methods was the first step in the data evaluation process.
Specificity, sensitivity, accuracy, and precision of the instruments and methods used for sample
analysis were factors considered in determining the appropriateness and validity of the
laboratory data. For Contract Laboratory Program analytical results, qualifiers and codes were
attached to data by either the laboratory or by data validation personnel. These codes are
related to QA/QC controls or question the reported chemical identities and concentrations.
All qualifiers and codes were addressed before a chemical was included in the screening
assessment.

The potential for the adulteration of soil samples due to collection practices or laboratory
preparation is evaluated prior to the use of data in risk assessment. The assessment of the
likelihood of sample contamination during collection is addressed in Chap. 4. Contamination
of samples during laboratory procedures is not applicable to the K-1407-C soil data because
organics that are the most common laboratory contaminants were not analyzed for in soil
samples.

A comparison of sample concentrations to background concentrations is essential to
identify indigenous constituents detected in site samples. The operational history of the
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K-1407-C Retention Basin indicates that it is the likely source of radionuclides detected in
soil samples. However, the source of the nonradioactive metals detected in soil from the
retention basin cannot be absolutely determined because most of the metals are indigenous
in regional soils. The concentrations of chromium, mercury, and nickel are highest in samples
taken from the east end, where flow entered the retention basin, suggesting site activities as
the source. However, there is no indication of a correlation between metal and radionuclide
distributions, which might be expected if metals were site-related. The inability to distinguish
between site-related and naturally occurring metal concentrations should not have a
significant influence on the present evaluation. Additionally, because the source of
radionuclides can be related to site operations and because the source of nonradioactive
metals has not been definitively identificd, it is logical to place a greater emphasis on the
screening of radionuclides.

A primary goal of the Phase 1 review is to determine the ability of the analytical data to
represent accurately the nature (contaminants and their concentrations) and extent of the
contaminants in soil at the K-1407-C Retention Basin. The sampling array is believed to have
been adequate to identify the analytes present in K-1407-C soil. However, because there are
no data below a depth of 18 in., the assessment of potential health hazards is limited.

The potential contaminants of concern for the K-1407-C Retention Basin were derived
using the methodology outlined in Chap. 5 of Risk Assessment Guidance for Superﬁfund,
Volume I: Human Health Evaluation Manual, EPA/540/1-89/002, December 1989.!° The
following is a list of potential contaminants of concern detected in the soil at K-1407-C.

Radionuclides
Americium-241 Neptunium-237 Technetium-99
Cesium-137 Plutonium-238 Uranium-234
Cobalt-60 Plutonium-239 Uranium-235
Curium-244 Potassium-40 Uranium-238
Europium-154

Metals

Antimony Cobalt Potassium
Arsenic Lead Selenium
Barium . Manganese Silver
Beryllium ' Mercury Strontium
Boron Molybdenum Vanadium
Cadmium Nickel Zinc

Chromium

Of the analytes detected in the soil samples, calcium, copper, iron, magnesium, silicon, and
sodium are naturally occurring essential nutrients that have little or no toxic effects at the
detected levels and consequently are not considered potential contaminants of concern.

5.2 DOSE/RESPONSE INFORMATION EMPLOYED IN SCREENING

The screening of soil contamination at the K-1407-C Retention Basin involves a
comparison of contaminant concentrations with guideline values that are based on chemical-
or element-specific dose/response information. Potential carcinogenic effects are characterized
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by estimating the probability that an individual will develop cancer over a lifetime of exposure
from projected intakes and chemical-specific dose/response data or slope factors. Potential
noncarcinogenic effects are characterized by comparing projected intakes of contaminants to
reference doses (RfDs). The following discussion is a brief explanation of the significance of
slope factors and RfDs in the context of the screening assessment.

For carcinogens, risks are estimated as the incremental probability of an individual
developing cancer over a lifetime as a result of exposure to the carcinogen (i.e., incremental
or excess individual lifetime cancer risk). Cancer risk from the exposure to contamination is
expressed as excess cancer risk, that is, cancer incurred in addition to normally expected rates
of cancer development. An excess cancer risk of 1 x 10 indicates that one person in
1,000,000 is predicted to develop cancer from exposure to this contamination level. Excess
cancer risks falling between 1 x 10* and 1 x 10 are within the range of concern, and cancer
risks above 1 x 10* are considered unacceptable by EPA."

The excess cancer risk is determined by the application of a slope factor, which is a
chemical-specific value based on carcinogenic dose/response data. The slope factors and the
estimated daily intake of site constituents, averaged over a lifetime of exposure, are used to
estimate the incremental risk of an individual’s developing cancer. Because the slope factors
are the upper 95th percentile confidence limit on the probability of a carcinogenic response,
the carcinogenic risk estimate represents an upper-bound estimate. The screening of the
carcinogenic toxicity of contaminants is based on determining the samples in which
concentrations producing a risk of 1 x 10° or greater were detected.

Slope factors used in the evaluation of risk from exposure to contaminants in K-1407-C
soil are listed in Tables 8 and 9. Slope factors for the radionuclides are from Health Effects
Assessment Summary Tables."” The slope factors for nonradioactive carcinogens are from the
Integrated Risk Information System data base.'® Slope factors are not currently available for
all potential contaminants of concern. Several contaminants are not indicated by
epidemiological studies to be carcinogenic; consequently, these contaminants do not have
slope factors. Furthermore, slope factors are not available for several potential contaminants
of concern because their carcinogenicity has not been determined. These contaminants may
contribute to carcinogenic effects from exposure to the soil, but their effect cannot be
quantified. The unavailability of siope factors precludes a comprehensive screening assessment
of the risk from exposure to site contaminants. The toxicity information available limits the
screening of carcinogenic contaminants to the radionuclides, arsenic, beryllium, cadmium, and
chromium, a definite limitation with regard to the assessment of risk from exposure to soil at
the site.

Noncarcinogenic effects are evaluated by comparing an exposure level over a 5-year
period with an RfD derived for a chronic exposure. The RfDs available for the contaminants
of concern in K-1407-C soil are given in Table 10. RfDs are representative of daily exposure
levels that cause no deleterious effects during a lifetime. A chronic exposure duration is
considered to be from 7 years to a lifetime. The use of the chronic RfDs assures that the
screening is based on a conservative evaluation of adverse health effects. To evaluate the
noncarcinogenic effects of exposure to soil contaminants, the dose is compared to the RfD.
The noncarcinogen hazard quotient (dose/RfD) assumes that there is a level of exposure (i.e.,
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Table 8. Slope factors for radionuclides detected in K-1407-C Retention Basin soil

Ingestion Ground surface Inhalation
Element (p ciy* (pCi/m?/year)” (pCi)“

Americium-241 3.10E-10 1.60E-12 4.00E-08
Cesium-137 2.80E-11 0.00E+00 1.90E-11
Cobalt-60 1.50E-11 1.30E-10 1.60E-10
Curium-244 2.00E-10 5.80E-14 2.70E-08
Europium-154 3.00E-12 6.80E-11 1.40E-10
Neptunium-237 2.70E-10 1.80E-12 3.60E-08
Plutonium.238 2.80E-10 6.10E-14 4.20E-08
Plutonium-239 3.10E-11 2.60E-14 4.10E-08
Potassium-40 1.10E-11 7.80E-12 7.60E-12
Technetium-99 1.30E-12 3.40E-17 8.30E-12
Urapium-234 1.40E-10 5.70E-14 2, 70E-08
Uranium-235 1.30E-10 9.60E-12 2.50E-08
Uranium-238 1.30E-10 4.60E-14 2.40E-08

Source: Adapted from U.S. Environmental Protection Agency, Heaith Effects Assessment
Summary Tables, OERR 9200.6-303 (90-3), U.S. Environmental Protection Agency,
Washington, D. C,, July 1990.

Table 9. Awailable slope factors for nonradioactive metals detected
in K-1407-C Retention Basin soil

Ingestion Inhalation
Element ; Ground surface .
(mg/kg/day)’ - (mg/kg/day)"
Arsenic ND* NA® 50.0
Beryllium 43 NA 8.4
Cadmium ND NA 6.1

“ND = No daia available.

®NA = Not applicable.

Source: Adapted from Integrated Risk Information System [data base], U.S. Environmental
Protection Agency, Environmental Criteria Assessment Office, Cincinnati, Ohio, December
1990.
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Table 10. Awailable reference doses for K-1407-C
Retention Basin soil contaminants

Ingestion Inhalation
Chemical reference dose  reference dose
(mg/kg/day) (mg/kg/day)
Antimony 0.0004 ND*
Arsenic 0.0010 ND
Barium 0.0700 0.000625
Beryllium 0.0050 ND
Boron 0.0900 ND
Cadmium 0.0005 ND
Manganese 0.1000 0.001250
Mercury 0.0003 0.000375
Nickel 0.0200 ND
Silver 0.0030 ND
Vanadium 0.0070 ND
Zinc 0.2000 ND

“ND = No data available.

the RfD) below which it is unlikely for even sensitive populations to experience adverse
health effects. If the exposure level (dose) exceeds this threshold (i.e., if dose/RfD exceeds
1), there may be concern for potential noncarcinogenic health effects.

RfDs are not available for some of the potential contaminants of concern. These
contaminants may contribute to noncarcinogenic effects from exposure to the soil, but their
effect cannot be quantified. Therefore, a comprehensive screening of the noncarcinogenic
effects from exposure to soil at K-1407-C is not possible.

5.3 CONTAMINANT SCREENING

The screening of K-1407-C soil is a comparison of contaminant concentrations detected
in soi! to a guideline value, following the methodology outlined in the Data Analysis Approach
Report for K-1407-B Holding Pond and K-1407-C Retention Basin, K/ER-23." The guideline
value is derived from very conservative exposure scenarios (high intake rates) and chemical-
and element-specific dose/response information.

The screening of the contaminants detected during the Phase 1 investigation was initiated
to indicate the contaminants that may pose an imminent health hazard. Additionally, screening
indicates the contaminants most likely to influence risk management decisions and cleanup
goals. This prioritization of contaminants may be used to emphasize analytes in future soil
samples that should be considered critical to the investigation of the site. It should be
emphasized that screening is not used to eliminate any contaminants from consideration in
future risk assessment. An evaluation of all contaminants detected in soil samples from the
K-1407-C Retention Basin will be included in the baseline risk assessment. Therefore, all
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contaminants detected at the site during preliminary phases of sampling must be included as
analytes in subsequent phases of the investigation.

The screening of contamination at K-1407-C is not intended to serve as a quantitative
- assessment of the potential adverse health effects incurred from exposure to soil at the site.
The conservative exposure scenarios used in screeniug do not consider site-specific factors
influencing the exposure to site contamination; consequently, the screening scenarios do not
represent possible circumstances of exposure that may occur at the site. There are no

activities currently taking place that involve the potential for exposure to soil contamination
at K-1407-C.

The parameters applied to the screening of soil data from the K-1407-C Retention Basin
are defined in the following discussion. A listing of the exposure pathways applied in the
screening assessment is included, as well as the derivation of the contaminant concentrations
in air for screening against inhalation guideline values. This is followed by a discussion of the
duration of exposure and intake rates employed in the calculation of guideline values for the
radioactive and the nonradioactive contaminants. Last, the guideline values are listed for
radionuclides and nonradionuclides, and the screening results are presented.

5.3.1 Exposure Pathways

Screening is conducted for all exposure pathways for which exposure at the site is feasible
in order to indicate the pathways that present the greatest potcntial for the incidence of
adverse health effects. Because the conditions of exposure and the slope factor and/or RfD
vary with the nature of intake (ingestion, inhalation, dermal contact, and/or external exposure
to radiation), the guideline value is different for each exposure pathway. The screening of
radionuclides entails a comparison of contaminant concentrations against ingestion, inhalation,
and external guidelines values. The screening of nonradioactive contaminants is conducted
against ingestion and inhalation guideline values.

Screening against ingestion and external guidelines is straightforward, contaminant
concentrations detected in each soil sample (Appendix B) are compared with the guideline
values. However, because contaminant concentrations in air have not been measured, the
concentrations applied in the inhalation screening must be calculated from soil concentrations.
The following is an explanation of the derivation of air concentrations based on measured soil
concentrations.

Inhalation exposure to soil contaminants is evaluated by considering the suspension of
site soil by wind. The fugitive dust generated is estimated by the method described by
Eckerman and Young.' The contamination in the air generated by the wind is determined
by applying an empirically derived resuspension factor for windborne contamination of
2 x 107/m to the contaminant levels in surface soil.”® The resuspension factor is the ratio
of the concentration in air (m®) to the concentration on the surface (m?).

For calculating the exposure concentrations in air due to dust, the contaminant levels in
the soil must be converted from picocuries per gram for radionuclides or milligrams per
kilogram for metals to picocuries per cubic meter or milligrams per cubic meter for use in this
equation. The density of soil reported in the Blount County Soil Survey (series No. 7, 1953),
1.6 x 10° g/m® is applied to convert the representative surface soil concentrations.”! For
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example, the following calculation employs units of radioactive contamination to determine
the amount of contaminant in a cubic meter of soil:

1.6 x 10° g/m* x concentration (pCi/g soil) = pCi contaminant/m’.

It is assumed that only a thin veneer of soil actually releases dust due to wind; therefore,
only the amount of contaminants in the surface layer should be used to determine
concentrations in air. The concentration of the contaminant at the surface is represented by
assuming the depth of the soil surface layer to be 1 cm. Therefore, the contaminant “density”
(the amount of contaminant per cubic meter) is multiplied by 0.01 m to estimate the surface
soil contaminant level (milligrams per square meter):

pCi contaminant/m® x 0.01 m = concentration in surface layer of soil (pCi/m?).

The concentration of the contaminant in a square meter of the soil surface is converted
to a concentration in air by the applicatinn of the resuspension factor. Resuspension factors
are determined empirically and represent the amount of surface material (milligrams per
square meter) that becomes airborne (milligrams per cubic meter) due to specific activities.
The resuspension factor reported in Ref. 20 due to wind ranges from 3 x 10* to 9 x 10"!/m.
A value of 2 x 10”7/m is applied in the inhalation screening of contaminants. With the quantity
of surface material suspended due to wind and the estimated amount of contaminant per
surface area of soil determined in the calculations above, the contaminant’s concentraticn in
air is determined:

(2 x 107/m) x surface concentration (pCi/m?) = concentration in air (pCi/m?).
This concentration is compared to screening values based on contaminant inhalation toxicity.
5.32 Radionuclide Screening

Radionuclides are classified by EPA as human carcinogens based on epidemiological
studies of ionizing-radiation-induced cancers in humans. The evaluation of radioactive
carcinogens considers exposure via ingestion, inhalation, and external exposure pathways. The
external exposure pathway is a critical pathway for radiation exposure; however, for the
screening of nonradioactive carcinogenicity, dermal exposure is ineffective relative to
screening based on oral and inhalation exposure.

The calculation of guideline values follows the methodology outlined in the Data Analysis
Approach Report for K-1407-B Holding Pond and K-1407-C Retention Basin, K/ER-23." For
screening carcinogenic toxicity, the exposure model assumes a lifetime duration of exposure.
The exposure model employs the body weight of a 70-kg adult, an ingestion rate of 0.001 kg
of soil a day, and an inhalation rate of 20 m*day (Ref. 1). Guideline values used in the
screening of radionuclide concentrations are listed in Table 11.

The results of the screening for carcinogenic toxicity of the radionuclides are displayed
in Table 12. The resuits are presented as a ratio of samples in which concentrations equal to
or greater than the guideline value were detected to the total number of samples analyzed
for the contaminant. The ratios for each exposure pathway are presented by analyte and
sample depth.
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The screening of radionuclide concentrations against ingestion guideline values indicates
that the potential risk will be dominated by the effects of exposure to U and 2#U. The
frequency of samples exceeding guideline values decreases with depth. However, there are
still a considerable number of 18-in. samples in which concentrations exceed guidelines.
Specifically, 24U was detected at or above the ingestion guideline in 23 of 70 samples taken
at the 18-in. depth. -

Table 11. Guideline values for radionuclide sueemng

Soil ingestion  External  Inhalation

Redionuhde (Cig) ___(pCil) __(pCile)
Americium-241 11.90 0.63 0.00048
Cesium-137 131.58 NA® 1.04167
Cobalt-60 243.90 0.01 0.12346
Curium-244 18.52 16.95 0.00071
Europium-154 1234.57 0.01 0.13889
Neptunium-237 13.70 0.56 0.00056
Plutonium-238 13.16 16.95 0.00048
Plutonium-239 119.05 38.46 0.00038
Potassium-40 33333 013 2.50000
Technetium-99 2857.14 29411.76 2.38095
Uranium-234 26.32 17.86 0.00071
Uranium-235 28.57 0.10 0.00077
Uranium-238 28.57 22.22 0.00083

“Not applicable.

Table 12. Frequency of radioactive soil samples
exceeding carcinogenic toxicity guideline values

6-in. 12-in. 18-in.
Analyte samples®  samples” samples’

Americium-241 518 1/43 0/40
Cesium-137 1778 0/61 0/58
Neptunium-237 12/78 1/43 0/40
Plutonium-238 3/78 0/43 0/40
Plutonium-239 2/78 0/43 0/40
Technetium-99 4778 0773 070
Uranium-234 57778 37774 23770
Uranium-235 7718 4774 1770

Uranium-238 46/78 27774 12/70
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Table 12 (continued)

Analyte 6-in. . 12-in. ) 18-in. .
samples samples”  samples
External exposure

Americium-241 38/78 16/43 7/40
Cobalt-60 53775 11 00

Europium-154 1 00 00

Neptunium-237 54/78 20/43 12/40
Plutonium-239 8/78 2/43 1/40
Potassium-40 76/16 61/61 58/58
Uranium-234 61/78 40774 31770
Uranium-235 75718 70/74 59/10
Uranium-238 48/78 32774 15770

Inhalation exposure

Americium-241 53778 28/43 22/40
Neptunium-237 63/78 27/43 19/40
Plutonium-238 30778 11/43 5/40
Plutonium-239 69/78 34/43 28/40
Technetium-Y9 11/78 53 4770
Uranium-234 78718 74774 70/70
Uranium-235 73718 58774 53770
Uranium-238 78/78 73774 70770

sSamples 2 guideline values/total samples analyzed.

In screening based on the external exposure, a majority of the 6-in. samples for all
contaminants except 2°Pu were equal to or greater than the guideline value. The number of
samples exceeding the guideline value decreases with sample depth except in the case of “K,
which exceeds the guidelines in all samples. All analytes were detected at or above the
guidelines in at least one 18-in. sample. The potential risk from external exposure to
contamination in the 18-in. soil samples will be dominated by the effects incurred from the
exposure to “K, 2*U, and ?°U.

Inhalation screening results indicate that all analytes will contribute to the potential
cancer risk from exposure to wind-generated dust. While the number of samples exceeding
guideline values decreases with depth, a majority of the analytes are present at or above the
guideline value in the 18-in. samples.

The screening of radionuclides suggests that the extent of contamination in the K-1407-C
Retention Basin soil has not been sufficiently delineated to support a comprehensive
assessment of the risk from exposure to site soil. Soil samples were terminated at a depth of
18 in.; therefore, the risk incurred from exposure to soil below the 18-in. depth cannot be
quantified. Based on the detection of radionuclide concentrations equal to or greater than the
guideline values in 18-in. samples, it is presumed that concentrations greater than the
guideline value may be present in soil below this depth. Consequently, radionuclide
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concentrations in the soil below the 18-in. depth may contribute to the risk incurred from
exposure to site soil. Therefore, the screening of radionuclide contamination indicates the
need for additional sampling to determine the extent and concentration of the radioactive
isotopes below the 18-in. depth.

53.3 Metal Screening

In the screening of nonradioactive carcinogenicity, oral and inhalation exposures are
considered. Contaminant concentrations are not screened against dermal exposure guideline
values because the screening of nonradioactive carcinogenicity based on dermal exposure is
considered ineffective relative to screening based on oral and inhalation exposure. In addition,
dermal exposure at the site is not likely to occur.

For screening carcinogenic toxicity, the exposure model assumes a lifetime duration of
exposure. The exposure model for carcinogens employs the body weight of a 70-kg adult, an
ingestion rate of 0.0001 kg of soil per day, and an inhalation rate of 20 m*/day (Ref. 1). The
screening for systemic toxicity employs an exposure duration of S years. The exposure model
for systemic toxicants employs a body weight of a 16-kg child, an ingestion rate of 0.0002 kg
of soil a day, and an inhalation rate of 20 m*day (Ref. 1). Guideline values used in the
screening of nonradioactive metal concentrations are list