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INTRODUCTION

This report describes activities and findings associated with the Task Work Agreement Waste
Area Grouping (WAG) 1 Groundwater Source Investigations Work Breakdown Structure (WBS)
1.4.12.6.1.01.44.08 performed in FY 1996. The objective of the task was to identify a source(s) of
groundwater radiological contamination in WAG 1 that could reasonably be related to the so-called
core hole 8 *Sr plume and other potential radiological plumes.

The source investigations task was divided into two phases. Phase 1 involved installing and
. sampling drive points to the east of core hole 8 (CH-8) to identify a discrete source of
contamination. Phase 2 involved installing and sampling groundwater wells to identify a more
diffuse source of contamination.

DRIVE POINT INSTALLATION

Phase 1 activities began in November 1995, with the installation of five drive points in the
vicinity of Tank W-1A in the northwest comer of the North Tank Farm (Fig. 1). This location was
selected because it is directly east (along geologic strike) of the subcropping of the core hole 8
plume preferred flow pathway and near the inferred groundwater flow divide located in the central
portion of Oak Ridge National Laboratory (ORNL). The location was also selected to be near
enough to potential tank/pipeline leaks that could logically be associated with the plume but far
enough away to avoid penetrating such utilities and creating an environmental and human health
hazard.

Based on the radiological results obtained from the samples, it was decided that it would be cost
effective, while maintaining the technical objective of the task, to instail additional drive points and
fewer groundwater monitoring wells than originally planned. Additional drive points were installed
in February and March 1996.

About 40 drive points were planned for installation, but encountering shallow obstructions
believed to be above the water table limited the number of drive points to 17. From a total of 22
drive points installed, 68% contained groundwater and 50% were able to be sampled. Drive point
civil survey data are shown in Table 1. The radiological results (Table 2) indicate that significant
gross beta (attributable to *Sr) and gross alpha (attributable to ****U) activity exists in the vicinity
of Tank W-1A and decreases in concentration away from the tank. Because ®Sr and ¥Y were in
. disequilibrium in the sample, the gross beta values are underreported. More accurate gross beta
values can be obtained by doubling the ®Sr value.

The results indicate that the highest levels of contamination and the shallowest depth to
groundwater exist in closest proximity to the tank and in the deepest drive points (Fig. 2). These
results are interpreted to indicate that the Tank W-1A excavation acts as a “bathtub” that maintains
saturation around the tank. Continuous water elevation data from these drive points confirm this
interpretation by the development of a shoulder on the ascending limb of the

96-090/5153-006/1135 |
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Table 1. Drive point civil survey data

Ground surface  Total depth  Groundwater level

Drive point Northing  Easting (ft MSL) (ft bgs) (f)
DP-1 22270 30765 NA 14.8 031
DP-2 222522 30764.8 | 82288 17.7 4.45
DP-3 22228* 30765 ‘NA 13.4 0.34
DP-4 22293* 30765 NA 20.7 Dry
DP-5 22274*  30781* NA 95 Dry
DP-6 222533 30784.7 822.93 11.9 115
DP-7 22247*  30781% - NA 9.4 Dry
DP-8 22230*  30785* NA 10.7 0.34
DP-9 222728 30827 822.43 124 Dry
DP-10 22267.5  30826.5 821.7 1.7 0.42
DP-11 22262.1  30826.1 821.32 14.2 0.88
DP-12 222563  30825.7 820.85 9.4 106
DP-13 22264 30809.3 822.25 17 7.36
DP-14 22253.8  30797.3 821.84 17.8 8.37
DP-15 222489 30797.9 820.69 16.8 9.72
DP-16 222214  30802.1 817.67 173 3.47
DP-17 22275* 30796 ‘NA 12 Dry

I 22260.6 30781 823.81 15.1 0.87
3A 22253%  30781* NA 9.3 Dry
7 222633 307958 82337 17 NA
8 22261*  30796* NA 16.7 Dry
9 222589  30796.3 §22.93 17.4 NA

*Denotes estimated location,
NA = not available,

MSL = mean sea level

bgs = below ground surface

hydrograph (Fig. 3) for the rain event beginning on May 25, 1996. The presence of a similar
shoulder in WAG 4 trench drive points was interpreted similarly. Hydrograph response to
precipitation events ranges from | to 3 ft in these drive points.

The solids from one drive point sample were analyzed separately for comparison with the
liquids from that sample. The results indicate that the solids contain nominally 50 times the amount
of ®Sr activity as the liquids. If considered on a K, basis. this result is similar to literature reported
K, values for ®Sr. :

96-090'S153-006/1125
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Table 2. Drive point radiological data

Gross beta Gross alpha 9Sr
Drive point Sample date (pCVL) (pCi/L) (pCi'L)
DP-1 NS .
DP-2 3/14/96 4.32E+06 . 9.18E+05 3.40E+06
DP-3 NS
DP-4 NS
DP-5 NS
DP-6 3/14/96 4.86E+04  6.48E+03 4.12E+04
DP-7 NS
DP-8 NS
DP-9 NS
DP-10 NS
DP-11 3/20/96 5.40E+05 3.51E+04 5,00E+05
DP-12 372196 2.21E+05 3.24E+04 1.89E+05
DP-13 3/20/96 1.30E+06 8.10E+05 4.86E+05
DP-14 3720/96 1.27E+07 5.40E+05 1.22E+07
DP-15 3720196 3.51E+06 2.32E+05 3.28E+06
DP-16 372096 1.24E+06 7.02E+04 1.17E+06
DP-17 NS
| 3/14/96 9.18E+04 1.18E+03 9.06E+04
3A NS§S
7 - 127195 8.10E+06 1.59E+05 6.02E+05
7 3/14/96 6.21E+06 1.57E+05 6.05E+06
8 NS '
9 12/1/95 1.OSE+07 3.78E+05 1LOIE+07
9 3714/96 1.83E+06 2.70E+05 "7.56E+06

NS = not sampled.

96-090/5153-006/1125
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occurring. - Analysis of groundwater sample results from the monitoring wells and tank drv wells
(to the east and from Fifth Creek obtained from WAG 1 monitoring) support that interpretation.

" CONCLUSIONS AND RECOMMENDATIONS

As stated earlier, the purposes of this exploratory drilling activity were (1) to identify the source

for the so-called core hole 8 contaminant plume, (2) to determine the extent of contamination. and

.(3) make recommendations regarding potential early actions or remediation strategies for the

problem. The approach sought to determine whether the source was of a diffuse or more localized
extent through a process of hypothesis testing.

The results of the activity conclusively show that the source of the core hole 8 plume is
localized in the immediate area surrounding Tank W-1A located in the northwestern corner of the
North Tank Farm. While diffuse contamination exists in the bedrock aquifer in the area of
Buildings 3001 and 3019, it is significantly lower than the highest levels in core hole 8 and thus
cannot reasonably be considered to be the source of the plume.

In addition, results from wells 4410 and 4411 support the preferred flow and transport pathway
conceptual model, which is generally considered to explain the configuration of the core hole 8§
plume. In addition to migration to the west, results of this activity support data from WAG 1
monitoring and demonstrate that migration also is occurring to the east and discharging to Fifth
Creek. The unanticipated down dip migration to nominal depths of 90 ft in well 4411 indicates that
the extent of migration and magnitude of the problem are greater than previously thought. That
concentrations in well 4411 are essentially the same as those in drive points at the bedrock
weathering interface suggests that little mixing occurs into and out of the pathway at depth. Lower.
levels of contarnination at shallow depth to the east and west likely occurs as a result of dilution by
infiltrating precipitation.

The depth to which contamination migrates down dip could not be addressed because of health
and safety concerns resulting from the unacceptably high potential for inadvertently encountering
an underground or overhead utility in the area where drilling could feasibly occur. However, .
because groundwater brine exists at a nominal depth of 300 ft throughout the Oak Ridge
Reservation, it is unlikely that contaminants would migrate to depths greater than about 300 fi.

Remediation/early action options must first focus on the soils around Tank W-1A. With
nominally 50 times the contaminant levels as groundwater. the soils act as a secondary source that
continually releases contaminants to groundwater upon saturation from rain events. An integral part
of any action must include the removal or stabilization in place of potential sources of groundwater
and soil recontamination (e.g., pipelines, Tank W-1A, contaminated soil). If contaminated soils are
removed and replaced with clean fill and suspected primary contaminant sources are
stabilized/removed, it is possible that the clean fill could be recontaminated by unforeseen events.
In addition, soil removal has inherent personnel exposure. atmospheric dispersion, and waste
management issues that must be addressed. Stabilization in place of contaminated soils with an
acrylamide grout, for example, could minimize future contaminant releases while avoiding potential
problems associated with soil removal.

96-090/5153-006/1128
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Soil remediation without addressing remediation of contaminated groundwater is considered
to be only a partial action. WAG | monitoring results suggest that contaminant concentrations are
increasing in the vicinity of the core hole 8 plume intercept system. Because groundwater
contaminant concentrations at depth are so high, and a larger than anticipated volume of
groundwater is highly contaminated. concentrations are likely to continue increasing at the periphery
of the plume for the foreseeable future. Additional early actions. similar to the core hole 8 intercept
system. are likely to be needed as contaminant discharges to First and Fifth Creeks increase to
unacceptably high levels as more small contaminant seeps develop.

Groundwater remediation options could incorporate pump-and-treat or chemical fixation in
place. While generally considered to be an undesirable option. pump-and-treat, in this case, would
not need to continue indefinitely because a finite mass of contaminant exists within the preferred
flow pathway that could be readily removed. Alternatively, chemical fixation could provide the
opportunity to demonstrate a new technology. The current configuration of new well locations
(namely wells 4410 and 4411 and CH-8) are anticipated to be useful in implementing a groundwater
remediation action. ‘

96090 $153.006/1125
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EXECUTIVE SUMMARY y alwfﬁ‘/ +
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The Waste Area Groupmg (WAG) 1 Groundwater Operable Unit (OU) at Oak Ridge
National Laboratory (ORNL) in Oak Ridge, Tennessee, is undergoing a Remedial
Investigation in accordance with the Comprehensive Environmental Response, Compensation,
and Liability Act of 1980 (CERCLA). Oak Ridge is in Anderson and Roane counties,
Tennessee, and ORNL is about 7 miles south of the city of Oak Ridge. ORNL was
constructed in the early 1940s as part of the efforts during World War II to construct an

_atomic bomb. The research, production, fabrication, maintenance, and decontamination
facilities that were constructed and operated as part of that effort have resulted in various
sorts of environmental contamination throughout the Oak Ridge area.

The 150-acre WAG 1 is contained within the ORNL security area. It includes all of the
former ORNL radioisotope research, production, and maintenance facilities; former waste
management areas; and some former administrative facilities. This document, Waste Area
Grouping 1 Groundwater Phase II Remedial Investigation Work Plan, identifies areas of
concern with respect to WAG 1 groundwater and presents the rationale, justification, and
objectives for conducting this Remedial Investigation.

Volume 1 of this report summarizes the operations that have taken place at each of the
areas of concern in WAG 1, summarizes previous characterization studies that have been
performed, presents interpretations of previously collected data and information, identifies
contaminants of concern, and presents an action plan for further site investigations and early
actions that will lead to identification of contaminant sources, their major groundwater
pathways, and reduced off-site migration of contaminated groundwater to surface water.
These investigations will lead to a baseline risk assessment and aid in remediation option
selection decision making following a feasibility study for site remediation.

N

Site characterization activities performed to date at WAG 1 have indicated that
groundwater contamination, principally radiological contamination, is widespread. An
extensive network of underground pxpehnes and utilities have contributed to the dispersal of
contaminants to an unknown aetem’ In addition, numerous spills and pipeline leaks and the
long and varied history of activities at specific facilities at ORNL complicates contaminant
migration pathways analysis and source identification. The general absence of radiological
contamination in surface water at the perimeter of WAG 1 is attributed to the presence of
pipelines and underground waste storage tank sumps and dry wells distributed throughout
WAG 1 which remove more than about 40 million gal of contaminated groundwater per year.

One contaminant plume is currently known to be directly discharging off-WAG to surface
water and indirectly discharging via plume inleakage to storm drains. These are the largest
known groundwater contaminant discharges to surface water at WAG 1. An early action is
described which is designed to immediately terminate those discharges and intercept the
plume at several locations along its length. This early action, however, is not part of this

xiii
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Remedial Investigation but is described to add clarity and completeness to the presentation.
Identifying the source for the plume is one of the primary objectives of the activities
described in this report. Other areas of concern will undergo either exploratory investigation
or monitoring to more fully describe the nature and extent of contamination and migration
pathways which are also important report objectives. The approximate locations, numbers,
target analytes, and sampling frequency of samples to be collected are described for each area
of concern.

In addition to groundwater elevation and quality data acquisition from new wells, the
rationale and justification for a monitoring and sampling program to provide a minimum data
record are described. The monitoring and sampling program will be an ongoing, long-term
effort to determine changing conditions over time. ‘

The Field Sampling Plan, the Field Quality Assurance Project Plan, and the Laboratory
Quality Assurance Plan are also included. The Field Sampling Plan describes the objectives
of data collection and the quality assurance documentation required to meet those objectives.
The Quality Assurance Project Plans include the procedures that will be followed by the field
samplers and laboratory to obtain reliable and defensible data. They also provide for
surveillances and audits and establish corrective actions to be employed in the event that
activities are not consistent with quality assurance objectives.

Volume 2 of this report, to be provided, is the Health and Safety Plan and Waste
Management Plan for the WAG 1 Groundwater Phase II Remedial Investigation. It will be
prepared in accordance with 29 CFR 1910.120 and will contain an evaluation of potential
hazards associated with the wastes disposed of from exploration, sampling, and monitoring.
It will also describe personnel decontamination procedures designed to ensure that hazardous
" and/or radioactive material encountered in the investigated area does not leave that area.

xiv
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6. NATURE AND EXTENT OF CONTAMINATION
AND SITE DATA NEEDS

This section describes the nature and extent of contamination at WAG 1 as it is currently
understood. Data gaps and additional data needed to describe groundwater contamination
more completely are also noted. The description relies upon data reported by BNI (1992) and
other limited historical data, and it focuses on groundwater and soils contamination which may
serve as secondary sources of groundwater contamination. Accounts of additional historical
contamination are based on information presented in Grimsby (1986) and known or suspected
historical operations that took place in buildings and facilities, pipeline leaks, and accidental
spills. Additional data needs and proposed acuons follow the description of the nature and
extent of contamination.

BNI (1992) provides a detailed accounting of WAG 1 groundwater, soils, and surface
wa:ter contamination. Radionuclides are the major groundwater contaminants at WAG 1 both
in terms of areal distribution and contaminant levels. Hazardous constituents typically occur
in more limited areas (e.g., adjacent to underground fuel tanks). Underground pipelines,
sumps, and tank dry wells affect the distribution of contaminants.

" Because activities contributing to groundwater contamination at WAG 1 have been
numerous and varied over a long period of time, a presentation of the overall conditiof of
groundwater contamination is confusing at best. As a result, major areas of contamination are
treated as individual areas of concern, and points of overlap between areas are identified. To
further simplify the presentation and facilitate comparison among areas, the indicator
radiological analytes gross alpha, gross beta, and tritium are emphasized. Specific radionuclides

are discussed when they contribute to the description of the nature and extent of -

contamination. Similarly, only those nonradiological analytes that contribute to™~an

" 'understanding of the nature and extent of contamination are discussed. In groundwater these

analytes include the volatile organic compound (VOC) TCE and its degradation products
[1,2-dichloroethene (1,2-DCE) and vinyl chloride] and the metals cadmium, chromium,
beryllium, mercury, and lead. The occurrence of nonradiological soil contaminants is variable
and addressed on a case-by-case basis. Tables 6.1 and 6.2° contain RCRA action levels for
soil and SDWA MCLs for groundwater respectively for contaminants of concern in WAG 1.

Only those areas with comparatively more significant or widespread contamination are

described. This work plan is not intended as a full accounting of contamination at WAG 1
but is intended to identify and prioritize areas for interim remedial actions, and resources will
be directed at those areas on a priority basis. Numerous isolated locations that are
considerably less contaminated would receive a low priority ranking beyond monitoring, but
should analysis of such monitoring data determine more significant or widespread
contamination than presently understood, modifications can be made to the work plan in

"Because of the length and number of the tables in Chap. 6, they appear at the end of the chapter.

g
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subsequent phase RIs. In addition, because of overlap between areas, early actions will
undoubtedly affect.conditions in areas peripheral to-the initiating area. The extent of this
effect on peripheral areas cannot be realistically predicted at present.

In general, gross alpha and gross beta groundwater contamination in any piezometer or
well is inversely related to groundwater elevation. This relationship suggests that increased
volumes of water during high base conditions serve to dilute contaminant levels. In contrast,
tritium concentrations are commonly directly related to groundwater elevations, which
suggests that tritium is mobilized during the rainy season. In both cases, the flux of
contaminants through groundwater will be shown to be greater during high base than low
base conditions because of accompanying increased groundwater movement.

WAG 1 groundwater is a part of the much larger Groundwater OU, and agreements
have been reached as to which groundwater responsibilities lie with WAG 1 and which are
part of more general issues to be addressed by the Groundwater OU. Because most WAG
1 groundwater contamination is considered to be contained within the upper portions of the
aquifer, the nominal upper 100 ft of the aquifer is the responsibility of WAG 1. Deeper
groundwater flow issues (e.g., long off-site flow paths, depth of active flow) lie with the
Groundwater OU. Exceptions will be the instrumentation of core holes CH-2 and CH-7A in
WAG 1 discussed in Sects. 6.4.10 and 6.5.1. ‘

Because surface water in and around WAG 1 leads to WAG 2 (WOC south of the Haw
Ridge water gap) the Groundwater OU will assume responsibility for WAG 1 surface water.
Issues related to groundwater underflow of surface water in WAG 1 will remain the
responsibility of WAG 1. ‘

6.1 SOILS

In general, soils are most highly contaminated in the vicinity of the NTF and STF, the
3513 and 3524 impoundments, and Building 3019 (BNI 1992). Lesser contaminant levels occur
in the Isotopes Area and near the thorium tank farm. Relatively localized areas of
contamination are commonly related to pipeline leaks or spills.

. Background radiological contaminant levels from reference soil sampling reported in BNI

(1992) indicate as much as 34 pCi/g gross beta, 56 pCi/g gross alpha, and 0.22 pCi/g tritium.
137¢s, 9 Te, and total radioactive strontium (®%Sr plus Sr) were detected in small amounts.
Metals and hazardous constituents were detected in varying amounts. Because the list of those
analytes is long, the amount that a WAG 1 sample value exceeded the reference value is
described in the sections below. Table 6.1 contains reference and RCRA action level soil
contaminant values.

Beryllium concentrations in both WAG 1 and reference soils often greatly exceed RCRA
action levels, and it is difficult to judge what actually constitutes manmade beryllium
contamination in WAG 1. Klaassen et al. (1986) report that beryllium in the environment

000022
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largely results from coal combustion, but it is also used in nuclear reactions. The relative
contribution of these two mechanisms to-beryilium soil contamination is not known, but since
coal combustion has and does occur both regionally and locally, that mechanism is considered

to be the principal cause for the contamination. Deposits from vehicle brake linings may also
contribute.

6.2 GROUNDWATER

Extensive areas of WAG 1 groundwater are contaminated with radiological and
nonradiological constituents. Radionuclides are the principal groundwater contaminant.
- Contamination generally appears to be confined to the upper portions of the aquitard.
Evidence to support the potential for contaminant migration to greater depths is discussed
below, as is the potential for off-WAG migration by groundwater underflow of surface water.

Background radiological contaminant levels from reference sampling (BNI 1992) indicate
+about 4 pCi/L gross alpha, 5 pCi/L gross beta, and between about 1000 and 2000 pCi/L
tritium. SDWA MCLs are 15 pCi/L (gross alpha), 4 mrem/year (gross beta) and 20,000 pCi/L

‘(tritium). Table 6.2 compares these levels. Although different geologic units in WAG 1 may .

thave slightly different amounts of naturally occurring radionuclides, gross alpha and beta
maximum reference values are useful for evaluating contaminant levels. BNI (1992) describes
the difficulties in accurately determining what constitutes radiological contamination at
WAG 1, and the maximum reference values and MCLs were used only as guides. VOCs,

base/neutral/acid-extractables, metals, and pesticides and herbicides were either not detected

or were detected in relatively low concentrations at isolated locations.

.63 SURFACE WATER

Historical surface water radiological contamination data for First Creek, Fifth Creek,
Northwest Tributary, and WOC surrounding WAG 1 indicate negligible to low levels of
contamination. Contaminant discharges to WOC downstream of the PWTP outfall are
obscured by plant discharges. Assuming that groundwater at WAG 1 discharges to adjacent
surface water bodies, the generally low surface water contaminant levels compared to
groundwater. within the WAG supports the concept that contaminated groundwater is being
effectively captured by pipelines, sumps, and underground tank dry wells. Adsorption,

radioactive decay, travel distance, and dilution in surface water also contribute to apparent-

differences between groundwater and surface water contaminant concentrations.

6.4 AREA-SPECIFIC CONTAMINATION

This section describes known areas of contamination in WAG 1 based on analysis of site
data and/or historical activities. In most cases, these areas comprise the most significant or
widespread contamination, and some are considered to contain contaminant sources.
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64.1 Buildmg 3001/3019 Area

This area includes Buildings 3001 and 3019, the 3001/3019 storage canal, and the “3019
Hot Bank,” which is the slope located north of Building 3019 (Fig. 6.1°). Building 3001 is
one of the oldest buildings at ORNL and houses the Graphite Reactor. Building 3019
includes the main portion of the Radiochemical Processing Plant and houses a High Radiation
Level Analytical Facility.

Buildings 3001 and 3019 are connected by the 3001/3019 storage canal. The canal is a

belowground concrete structure which is 7 ft wide, 11.5 ft deep, and 101 ft long. It is covered
with a concrete lid and soil and has a capacity of 62,000 gal. The canal was used for
underwater transfer of spent fuel from the graphite reactor and was in operation from 1943
to 1963. The canal was then used for storage of radioisotopes until 1990 when a leak was
discovered and removal of the stored material was initiated (ORNL 1990). Remediation of
the canal under RCRA has been accelerated. As part of the remedial process, sludge
containing cobalt crystals was removed from the canal. As a result of the sludge removal, the
rate of leakage from the canal is reported to have increased.

Also included in this area is the 3019 Hot Bank which is the slope located north of
Building 3019. The slope has been contaminated by a combination of emissions from the
Building 3019 stack and LLLW line leaks in the area. Most of the contamination at the Hot
Bank is believed to be limited to surface or near-surface soils, but some contamination may
have infiltrated to groundwater or been transported along pipelines that cross the area.

In addition to the facilities described above, there are other potential sources of.

contamination in the area. These include filter houses underground ductwork, tanks, and
plpclmes - : :

Envaronmental sample data for the 3001/3019 potential source area are limited mostly
to surface and near surface soil samples. No water quality wells and only a limited number
of piezometers are located within the area. The piezometers are completed at the top of the
bedrock, and during most of the year do not provide sufficient quantities of water for
sampling. Some groundwater data from wells located outside the immediate vicinity may
indicate contamination from Building 3001/3019 sources. Screening level water samples have
been collected from one temporary pipeline trench plezometer locatcd ata former p:pehne
leak site. These data are discussed briefly below. o

Table 6.3 summarizes indicator radiological data from groundwater and soil samples
collected from the 3001/3019 area. The data indicate that three areas of contamination exist:
(1) site of an past pipeline leak southwest of Building 3019, (2) site of past pipeline leak
north of Building 3019, and (3) the 3019 Hot Bank.

*1

*The legend for Figs. 6.1-6.4 and 6.6-6.12 appears on p. 6-5.
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Soil boring SB132 is located at the site of a series of historic LLLW pipeline leaks that

occurred southwest of Building 3019. Samples from this boring contained up to 16,005 pCi/g |

gross beta and 1043 pCi/g gross alpha. In addition, samples from this location contained
elevated concentrations of several other radionuclides including 'Cs, total radioactive
strontium, %Co, 2Py, 2%24%py, and '4’Pm. Concentrations were greatest in samples collected
from the 10-12-ft interval, which is nominally 5 ft below the estimated pipeline invert
elevation.

The historical pipeline leak site north of Building 3019 was sampled at borings SB130.

Samples from this location contained elevated activities of gross beta (up to 1855.8 pCi/g) and

- gross alpha (up to 3104 pCi/g). Radionuclides found in these samples include #!Am, ®Co,

137Cs, 152Ey, B8py, B9240py, and #4Cm. Highest concentrations were found in samples
-collected in the 10-12-ft depth interval, also below estimated pipeline invert elevations.

Soil samples collected at the 3019 Hot Bank also contain contamination. For example,
gross beta activities in samples from boring SB126 were as high as 6171 pCi/g, and gross alpha
-activities from the same location were as high as 1904 pCi/g.. The most predominant
-radionuclides detected in Hot Bank soils were *’Cs and total radioactive strontium. Most of
the contamination on the Hot Bank appears to be limited to the upper 6 ft of soil.

- .

Soil samples were collected from other areas near 3001/3019, including the storage canal,
pipelines, and buried tanks sites. With the exception of one boring, gross beta and gross alpha
activities in samples from these borings were generally at or near background levels. However,
because some of the borings (e.g., the storage canal borings) could not be advanced deep
enough to allow sampling below the probable contaminant depth, it is possible that
contaminants could have been missed. The location where contamination was detected is
boring SB258, where soils in the 2-4-ft depth range contained elevated activities of gross beta
and strontium. The source of this contamination is not known, but may be associated with
buried pipelines in the area.

Very little groundwater quality data are available for the 3001/3019 area. The only
groundwater sampling locations in the area are piezometers 573 and 582. During the recent
RI (BNI 1992), screening-level groundwater samples were collected from these locations.
Results from these analyses indicate that groundwater at piezometer 582, located south of
3019, contains elevated gross beta activities. However, it is important to note that samples
from these locations are not considered to provide a complete or reliable representation of
groundwater quality at the 3001/3019 area.

Other incidental data provide additional indications that groundwater contamination may
exist at the site. For example, soil samples collected from the two historic pipeline leak sites
(SB132 and SB130) were wet at depths greater than about 10 ft BGS. This depth interval is
greater than the depth at which the formerly leaking pipelines are believed to be buried, and
is also the interval at which soil samples containing the greatest amounts of contamination
were found. Based on available data from nearby piezometers, depths to groundwater in the
area are typically >25 ft. Therefore, the wet soils encountered in the soil borings may indicate
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perched water table conditions, possible associated with leaky pipelines or with water moving
. along relatively permeable pipeline trench backfill material.

A temporary piezometer was installed in borehole SB132 to provide information on water
quality in the perched zone. Screening-level water samples collected from the piezometer
contained elevated activities of gross beta (up to 20,000 pCi/L) and gross alpha (up to
110 pCi/L). Water levels in the piezometer have been quite variable (ranging from 11.65 to
15.2 ft BGS), suggesting that periodic, fairly rapid, pulses of flow may occur. These pulses are
probably responsible for most of the flow in the trenches. Concentration data for the SB132
piezometer indicate that as the pulses occur, contaminant concentrations decrease, probably
as a result of dilution. This.indicates that there is some direct communication between the
trench and infiltrating water; the infiltration may occur directly on the ground, or from
secondary sources such as building gutter discharges or leaking storm drains.

, Potential contaminant source areas in the 3001/3019 area include known historic pipeline

leaks (mostly north and southwest of Building 3019), unknown historic leaks (floor drains,
tanks, etc.), the historical canal leak, and leaching from hot bank soils. There are several
potential mechanisms by which contamination may migrate from the 3001/3019 area to other
parts of the WAG. Because of its position near the northern, upslope, upgradient portion of
WAG 1 and its operational history, the 3001/3019 area is recognized as a potential source
area for much of the contamination found in WAG 1 groundwater, including contamination
in core hole CH-8, the NTF, the Isotopes Area, and other areas of the WAG.

Most historical leaks at 3001/3019 are believed to have occurred in unsaturated soil. In
this situation, the clayey soils retard the downward migration of contamination. Contamination
may be retarded for long periods of time, with periodic releases occurring when contaminants

are periodically mobilized either because of a rising water table or downward infiltration. The
.. net result is that there are areas of unsaturated soil in the 3001/3019 area that would continue

to be constant or periodic sources of groundwater contamination.

One area in which a direct release to groundwater may have occurred is north of
Building 3019 where a cavity was discovered during excavation of the leaking pipeline. Waste
. is believed to have migrated into the cavity where it interacted directly with groundwater. The
potential for contaminant migration along pipelines was clearly demonstrated by the results
.. of a dye tracer test conducted following discovery of the pipeline leak (Huff 1985). The test
results demonstrated that a hydraulic connection exists between the cavity and the Building
3042 sump and underground pipelines in the area. . = .

The pipeline network at 3001/3019 is believed to have a large impact on the transport
of contaminated groundwater. There is a large, complex array of buried pipelines leading from
the 3001/3019 area. These lines extend to much of the WAG, including the areas south of
3001/3019 (e.g., NTF, Isotopes Area), First Creek, and Fifth Creek. As a result, the pipeline
system may conceivably transport contaminants from the 3001/3019 area to virtually any other
part of WAG 1.
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« The predominant groundwater gradient direction at 3001/3019 area is southward with

-eastward and westward components present. Groundwater in the area may also migrate as

stratabound flow, in which groundwater travels primarily along fractures or dissolution
features in geologic strata. Dissolution features are known to occur in the Unit D beneath
the 3001/3019 area. Stratabound flow appears to be an important transport pathway that
results in migration of contaminants in the eastward or westward (along geologic strike)
directions.

An aggressive subsurface exploration program will be performed in the 3001/3019 area.
The empbhasis of the program is to determine the vertical and areal extent of contamination
in the area. It will test hypotheses about the presence of a sizable volume of contaminant
contained within a localized cavity system(s) in Unit D vs localized contamination related to

specific historic pipeline leaks. Both conditions are candidates as a CH-8 plume source and -

possibly other contamination within the WAG which is a secondary objective of the program.
A _tertiary objective is to determine the extent that pipeline trenches in the area are
transmntters of contamination.

As shown in Fig. 6.1, bedrock wells will be installed adjacent to piezometers 560, 573, and
582, and soil borings SB130 and SB132. New bedrock wells will be installed west of Building

‘3137, northwest of the NTF, south of Building 3019 in Hillside Drive, and ad]accnt lo'a

LLLW transfer line at the comer of Hillside Drive and Third Street. Four tcmporary

piezometers will be installed in pipeline trénches southeast of Building 3001 and north of the

NTF to mvcstlgate eastward and southward mxgranon in pipeline trenches.

Piczometer 573 and a new bedrock piezometer near SB132 and SB130 are in locations™

very near historic pipeline leaks that may have contaminated groundwater. A new well south
of the hot bank would seek to identify contaminants in that area. Piezometer 582 is
downgradient from the 3001 canal, and piezometer 560, currently in a nonwater bcarmg

" portion of bedrock, is in a position near a possible southwest migrating pathway from'a

Building 3019 contaminant source that could also be used in CH-8 plume source
investigations. Bedrock wells south of Building 3019 will be near a major PWT transfer
pipeline and south of the storage tank, respectively. These will look at more localized areas
of contamination near Building 3019. The well at the southeast corner of Hillside Drive and
Third Street will look at both localized areas and more widespread contamination.

Comparison of water elevations with the adjacent interface piezometers would also provide .

information about perched water.

It must be presumed that significant quantities of contaminant will be encountered during
drilling, and decisions about the potential use of the boring in remedial design will need to
be made. Because of the possible presence of secondary soil contamination in the area, soil
auger drilling will sample and analyze for contamination as field screening dictates. The
temporary plezometers in pipeline trenches would address potential migration from the area
to the east.
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A core hole near piezometer 583 into Unit D will seek to locate a potential contaminant
pool south of Building 3019 at depth. The investigation-would also be related to the CH-8
plume source investigation. The most desirable exploration method is core drilling which
provides high resolution subsurface control. It is anticipated that such exploration to a depth
of about 150 ft would proceed by advancing the hole in controlled increments with the ability
to set casing during drilling to avoid creating an artificial contaminant pathway and to allow
drilling to proceed.

If significant contamination is identified in these activities, installation of an additional
piezometer(s) is foreseeable as part of a follow-on RI phase. Criteria for piezometer siting
would include (1) areal and vertical contaminant characterization and (2) ability to remove
contaminants by pumping if limited pump and treat is selected as the preferred remediation
option.

Temporary piezometers in pipeline trenches southeast of the area would address pipeline
"migration pathways from the area to the east for which there are currently no data. The
precise location for the temporary piezometers would be determined in conjunction with
ORNL Waste Management and Engineering divisions staff who are knowledgeable about
pipeline locations. - '

6.4.2 Underground Tanks

This section describes groundwater contamination associated with major underground
. liquid waste storage tanks. In WAG 1, Gunite and associated tanks are considered to be a
separate OU. Because the NTF and STF constitute the major tank storage areas, they are
~ treated separately. In addition, remedial investigation/feasibility studies activities are under
way to address closure of the NTF and STF. The remaining tanks are then treated together.

The approxmiately 80 x 230 ft contiguous area to the east of the STF which contains one

1500-gal capacity Gunite tank and six small stainless steel tanks is not part of the STF OU.
The principal objective of investigations in the NTF and STF is to determine the relationship
between tank and groundwater elevations.

Figure 3.2 shows the locations of the major inactive underground liquid waste storage
tanks in WAG 1, some of which may be potential sources of groundwater contamination.
Under normal circumstances leaks from those tanks beneath the water table would contribute
greatly to groundwater contamination, but tank sumps and dry wells appear to capture
groundwater contaminants and inhibit migration away from the tanks. Dry wells are pumped
periodically or as needed to the PWTP or LLLW system for treatment.

During their operation, the tanks were used for temporary storage of low-level, process,
and mixed liquid wastes. They were taken out of service because they were no longer needed.
Because they concentrated large quantities of wastes (for decades in many cases) and many
historic pipeline leaks near the tanks are reported, the tanks are considered to constitute
major potential primary and secondary sources of groundwater contamination in WAG 1.
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6.42.1 North Tank Farm

Tanks in the NTF (Fig. 6.2) were installed in the 1940s and early 1950s to receive LLLW
principally from Building 3019 but also from Building 2026. Tanks are either stainless steel
or Gunite construction, and all are inactive either because of leaks or because they are no
longer needed. Because of inleakage, tank liquid levels are monitored, and liquids are
periodically pumped to the LLLW system. The NTF has long been a major liquid waste
transfer and storage area at WAG 1. Because several pipeline leaks are known to have
occurred during its history, it is recognized as a potentlaliy significant source of groundwater
contamination.

The NTF is serviced by a sump system which collects liquids (groundwater or tank
outleakage) at the base of each tank. The liquids drain to a common sump in the south
central part of the tank farm and then drain by gravity past the west side of the STF to the
PWTP for treatment and eventual discharge.

Groundwater data are available only from the periphery of the tank farm which are likely
2 mot to be representative of groundwater conditions within the tank farm or the excavations
:immediately around the tanks. Gross beta analytical data are obtained monthly from the
W-1A tank dry well and from the dry well in the southemn part of the farm where all the
individual tank sumps drain. Radiological contamination is significant in these dry wells
(bundreds of thousands of picocuries per liter), but it is uncertain what portion of this
contamination, if any, is derived from gmundwater.

Analytiéél resulis frozﬁ soil boring SB26 (Table 6.4), which encountered saturated N

conditions in the 15-ft sample, are interpreted to be representative of groundwater conditions.
. Significantly less to essentially no contamination was found in the unsaturated soil samples.
‘Nonradiological contamination in the 15-ft sample was not detected above reference values.
An anomalously high 212,000 ug/kg of beryllium in the 0-5-ft sample is not understood.

Soil boring SB26 is located just north of tank W-1 which has an estimated depth to the
bottom of the tank of 13 ft. This suggests that groundwater elevation is below the bottom of
tank W-1, and it is assumed that dry wells at other tanks also effectively maintain groundwater
levels near the bottom of the tanks. Results from other soil borings in the NTF indicate that
contamination is generally in close proxmnty to tank locations and that contammatmn
generally increases with depth. - -

Despite the absencc of groundwater analytical data from the NTF, its history of
operation and proximity along geologic strike from core hole CH-8 has made it a candidate
source area for the CH-8 plume. Alternatively, leaks from LLLW or process waste pipelines
from the Building 3019 area to the NTF could be the source. '

To evaluate these scenarios, a comparison was made of the radionuclides found in CH-8,
in SB26, and from temporary piezometer SB132 in a process waste pipeline trench on the
southwest corner of Building 3019. The comparison indicates that the suite of radionuclides
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as well as their concentrations are similar for all three locations. For example, *Sr was the
most abundant radionuclide found at each location, and:gross alpha and 233U were found at
all locations. Overall, contaminant suites are most similar between SB132 and CH-8, and
contaminant concentrations were most similar between CH-8 and SB26. These results suggest
that both the NTF area and Building 3019 areas are potential sources of CH-8 contamination
and/or that 3019 is a source of NTF contamination.

Because of the proximity of the NTF slightly south of the CH-8 plume, assuming the
level of water in tank sumps and dry wells is representative of groundwater elevation in the
immediate vicinity of that location, and assuming that tank sumps effectively capture
contaminants in the near vicinity of the tanks, the NTF is not considered to be a candidate
source area for CH-8 contamination. However, these assumptions are not confirmed, and
essentially no data are available to describe the potential migration of NTF contaminants
- either through pipelines or groundwater to the west or south.

The data acquisition program for the NTF is designed to describe the configuration of
the water table in the immediate vicinity of tank excavations and to determine the
effectiveness of tank dry wells in removing contaminants. These data will be used to support
decision making for NTF remediation alternative selection.

Six drive points (at the locations shown on Fig. 6.2) will describe the elevation of tanks
with respect to the water table and the radius of influence of tank dry wells on the water
table configuration. Those located near tanks will be located on the opposite site of the tank
from the dry well to describe the configuration of the water table surface immediately around
the tank and to compare contaminant concentrations with those in the tank dry wells. The
drive point location near the center of the NTF and outside of the tank excavation pits will
be used to compare water elevations and contaminant concentrations with those inside the

... pits. The drive point located along the northern edge of the NTF will be used to compare

groundwater elevations and contaminant concentrations upgradient of the NTF with those
within the tank excavation pits. After an initial evaluation of the presence of contaminants
in the drive point wells, pressure transducers and data loggers will be used to obtain water
elevation data from the drive points and tank dry wells to reduce waste generation. Sampling
will be performed during high base, low base, and high base storm conditions.

Similarly, with knowledge about the amount of water transmitted through the NTF
common sump, in combination with monthly radiological content of the water currently being
collected, estimates about the flux of contaminated groundwater being captured by the sump
system can be made. Consideration will be given to the feasibility of installing a flow metering
device in the NTF common sump.. : ;

6.4.2.2 South Tank Farm

The 130 x 200 ft STF (Fig. 6.3) contains six large buried Gunite storage tanks that are
approximately 50 ft in diameter and 12 ft in height with a 170,000-gal capacity. They were
constructed within a pit excavated into the underlying bedrock. Old photographs suggest the
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excavation may be about 5 ft into bedrock. The backfill material around each of the tanks is
a 3-ft layer of 2-in. crushed-stone surrounding the tank from the base to the top. A dry well
and sump system similar to that described for the NTF consists of a concrete pad at the base
of each tank and a gutter system that drains water from each pad to one of six individual dry
wells. The dry wells in turn drain to a common sump for pumping to the PWTP. In the event
of a leak, the liquid was intended to flow through the crushed stone to the concrete base then

+drain to the sump system. The system was draining an estimated average of 26,500 gal/d in

the early 1960s (Mynatt and Webster 1963) as a result of groundwater inleakage into the
sump system.

. The Gunite tanks were originally built for permanent storage of radioactive liquid waste

- produced by the plutonium pilot plant. They were to receive waste from the building drains
+ -uphill to the north and to overflow from one tank to the next toward the south. As the
.~ laboratory grew, the storage tanks became inadequate to handle the volume of liquid waste

~being generated. The waste was precipitated in the tank by raising the pH with sodium

hydroxide; the supernatant was decanted to waste holding basin 3513 and subsequently
discharged to WOC. This practice changed in 1949 when a new evaporator was developed to

-~ handle the effluent. The use of each tank continued to change over the years as laboratory
- operations evolved.

Video inspections of Gunite tanks W5, W6, ahd W8 conducted during or soon after rain
events indicated that all three tanks receive inleakage of stormwater from the top.-The

remainder of the Gunite tanks, except possxbly tank W-7, are also expected to have similar
- inleakage.. S L .

Soil samples from 12 soil borings drilled between 1990 and 1991 provide data on’soil
contamination in the S’ITF (BNI 1992) No groundwatcr samples have been collected thhm

3

B as

Table 6.5 lists the gross alpha, gross beta, and tritium concentrations for soil samples™

collected within the STF. The primary radionuclides found in STF samples were *Sr and
137Cs both of which are beta emitters. As a result, gross beta activities in soil samples from
the STF were significantly higher than gross alpha activities. Samples from nine borings
exceeded the highest reference gross beta activity: The highest gross beta activity
(34,831 pCi/g) was detected in a sample from boring SB183 which is situated near a process
waste pipeline that extends from Building 3515. Other locations where samples with high
gross beta activities (>1000 pCi/g) were collected include boring SB19 (1394 pCi/g), located
next to tank W-10; boring SB20 (1791 pCi/g), located near tank W-7 and next to a process
waste pipeline; boring SB182 (17,047 pCi/g), located next to Building 3515 and near a process
waste pipeline; and boring SB213 (5204 pCi/g), located near a group of process waste
pipelines in the southeast portion of the tank farm.

In contrast to the NTF, gross beta activities were highest in samples collected from
depths of 6 ft or less. A total of eight samples from depths >10 ft were collected from five
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borings; gross beta activities exceeded 1000 pCi/g in one of these samples. In addition, a
sample from the 22-23.1-ft interval at boring SB20 contained 607 pCi/g gross beta.

2! Am and isotopes of uranium and plutonium were found at elevated levels in some soil
samples from the STF. Samples from five borings contained gross alpha activities that
exceeded the highest reference activity (56 pCi/g). The highest gross alpha activities were
found in samples from boring SB20 (near tanks W-7, W-9, and process waste pipelines);
boring SB182 (near Building 3515 and process waste pipelines); and boring SB213 (near
process waste pipelines in the southeast corner of the STF).

In addition to soil boring data, information about a LLLW pipeline leak discovered in
the summer of 1993 suggest that another source of contamination may be present. The leak
was discovered along Central Avenue in a LLLW line north of tank W-5. High levels of soil
contamination were found in the excavation when repairing the leak. The duration of the leak
is not known, but it may have been active for a number of years. It is possible that

contamination from the leak has leached to groundwater and is impacting groundwater quality
in the STF.

The data indicate that significant amounts of contamination exist in shallow soil at the
STF. However, information about the nature of the tank/groundwater interactions is not
known. Groundwater contamination at the STF may have been derived from historical leaks
in pipelines, or from contaminants migrating along pipeline trenches. The soil data suggest
that much of the contamination occurs in shallower soils, indicating that contaminants were
derived from pipelines to the tanks. However, there are isolated occurrences of contamination
found at deeper intervals.

As described above, the STF is contained within a pit that was excavated into bedrock.
The major factor affecting groundwater within the pit is likely to be the tank sump system.
If the sump system is effective, groundwater within the pit is at least partially contained.
Depending upon the effectiveness of the dry well and sump system, some contaminated
groundwater may migrate out of the tank farm through pipeline trenches or within.the
groundwater flow system. Data regarding hydrogeologic conditions within the tank farm are
needed to evaluate these scenarios and to evaluate the effectiveness of the dry well system.

Similar to the NTF, the STF data acquisition program is designed to assess
groundwater/tank interactions within the excavation pit surrounding the tanks and to compare
these data with data from nearby piezometers around the tank farm. In addition, the
distribution of contaminants in these locations will provide some indication of the likely
migration pathways for groundwater contamination. If significant amounts of contamination
are found, additional followup studies may be needed to further evaluate the transport
pathways.

Four drive points will be installed in the STF area at locations shown in Fig. 6.3. These
well points will be driven to the top of bedrock and will be situated away from any known
~buried pipelines. The three well points on the north side of the tanks will provide water
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elevation and quality data for comparison with similar data from tank dry wells on the
- opposite side of the tanks. These will describe hydrologic and concentration gradients on
opposite sides of the tanks. This configuration assumes that groundwater flow to the
excavated pit is from the north. The fourth drive point will be between Building 3515 and
tank W-10 will describe hydrologic and concentration gradients between the building and the
tank sump.

Similar to the NTF, drive point wells and dry wells will be instrumented with pressure
transducers and external data loggers to reduce waste generation. Sampling will be performed
during high base, low base, and high base storm conditions. Monthly sampling of the common
STF sump in the southwest corner of the tank farm and possible installation of a flow
metering device will describe flow volumes to calculate contaminant flux.

The data from the wellpoint near W-5 will also be compared to analytical data for the

‘ /“5: soils excavated from the pipeline leak site adjacent to the north boundary of the STF.

Similarities in isotopic compositions between the groundwater and soil samples may indicate
that the pipeline leak is the source of some of thc groundwater contamination in the STF.

6.4.2_3 Remmmng tank farms and isolated tanks

Remammg tanks at WAG 1 mclude WC-S 6 7 and 9 and TH-1 through TH-3 in the
thorium tank farm; WC-10 through WC-17 serving the 4500N area; W-11 and W-12, ‘and
W-19 and W-20 southeast of the STF; W-16 through 18 northeast of the STF; TH4
southwest of Building 3550, and WC-1 in the Isotopes Area. ‘

Tanks W-11 and TH-4 are Gunite construction and the others are stainless steel. WC.9,
WC-10, and W-16 are the only remaining active tanks. All are constructed on bermed and
graded concrete pads and presumably backfilled with an undetermined combination of rock
or excavated saprolite. Dry wells at the lowest part of the tank pad collect water whlch is

pumped periodically from the tank. In the tank farms, individual tank sumps drain to a

common sump and dry well.

Monthly liquid tank level data are obtained by Waste Management Division staff and

maintained on a computer data base. In those cases (e.g.,, WC-17) where a sump pump -

discharges accumulated groundwater near the base of the tank, monthly sump pumping
estimates are made based on the rated pumping capacity of the pump and the amount of time
the pump operates. The accuracy of the estimate is admittedly subject to question. In the case
of WC-17, the relatively constant tank liquid level is attributed to sump pump operation. That
the liquid level is maintained at about 300 gal may reflect the elevation of the pump. Camera
inspection of the tank after it was emptied showed considerable inleakage into the bottom
of the tank. Tank inleakage was also identified in WC-15 when a sudden loss of tank
contents, approximately 500 gal of low to moderately contaminated liquid, occurred in August
1993. WC-15 and WC-17 are serviced by a common sump pump that maintains liquids in both
tanks at similar elevations. In those cases where tanks and tank sump dry wells are emptied
monthly by pumping, the rate at which the tanks or dry wells refill is not known.
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No wells or piezometers are in sufficiently close proximity to any of the surplus tanks to
accurately estimate the groundwater elevation in the mear vicinity of the tanks. However, .
because groundwater elevation is generally close to the elevation of bedrock and excavations

of many tanks can be presumed to have been close to that depth, tank bottoms can be

expected to be below normal groundwater elevation at some and certainly below high base

groundwater elevation in many cases.

A considerable but unquantified amount of groundwater is considered to be captured
from underground tank sumps and dry wells. The presence of these tanks is therefore a
possible component of the overall WAG 1 groundwater removal and treatment system that
reduces apparent contaminant levels in surface water. In conjunction with knowledgeable
Waste Management Division staff, the acquisition of reliable dry well water elevation, refilling
rate, and radiological data from selected tank dry wells will allow the flux of contaminant
removal to be calculated. These data will be used to describe groundwater/tank interactions
to more adequately evaluate remediation options than at present. Recommendations for the
locations for monitoring and sampling frequency would be made with input from Waste
Management Division staff but would include perhaps as few as three to four locations
considered to be representative of conditions throughout the underground tank system.

6.43 Isotopes Area
The Isotopes Area is located in the central part of WAG 1, north of Central Avenue,

south of Hillside Avenue, and west of Fifth Street. Figure 6.4 shows locations of buildings,
wells, soil borings, manholes, and sumps in the Isotopes Area.

During the production of radioisotopes for many years, numerous spills and pipeline leaks
have occurred in the Isotopes Area, and it contains both radiological and nonradiological
~ contaminants. Contamination in the general Isotopes Area is also from leaks and spills during
operations in the 1950s and 1960s, and contamination is known to occur beneath Building
3047 that is at least partly discharging into the process waste pipeline network in the area. -

East-flowing seepage of ®Sr and *’Cs contaminated groundwater into the foundation
excavation for Building 3047 is anecdotally reported during building construction in the early
1960s. Neither the extent of contamination nor the volume of the seep are known, but the
source was apparently commonly considered at the time to be from the Hillside area. Grimsby
(1986) reports significant contamination obtained from piezometers within and near the
building in the early 1970s. Inleakage to abandoned process waste pipelines is known to
occur, and pipeline in-situform lining in the mid-1980s was not performed on those portions
of the pipeline to allow this capturing effect to continue. Water captured in these pipelines
is treated in the PWTP. '

Elevated levels of gross alpha, gross beta, and tritium were detected in groundwater
samples from Isotopes Area wells and sumps (Table 6.6). The highest levels of gross alpha
and tritium in Isotopes Area wells were found in the low base sample collected from well 608
in November 1991. Well 608 is located approximately 50 ft south of Building 3033, between .
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Buildings 3037 and 3038. Alpha-emitting radionuclides detected above background levels in
well 608 included Z*Th (87 pCi/L), Z°Th (2.6 pCi/L), Z?Th (4.3 pCi/L), and Z*Cm
(108 pCi/L). The highest gross beta activity in Isotopes Area wells was detected in the March
1991 high base sample collected from well 598, which is located about 50 ft west of Building
3092. Beta-emitting radionuclides detected in this sample included total radioactive strontium
(124 pCi/L) and %Ni (346 pCi/L).

Levels of gross alpha, gross beta, and tritium (including the highest tritium activity
detected in WAG 1) which were from two to four orders of magnitude higher than those
detected in Isotopes Area wells were found in a water sample collected from the Building
3033 sump. Beta-emitting radionuclides found in this sample included 1*’Cs (599,000 pCi/L),
52Eu (15,500 pCi/L), '“Eu (8440 pCi/L), **Eu (2290 pCi/L), ’Co (5790 pCilL), ®Co
(2070 pCi/L), and #Na (3060 pCi/L). The volume of water pumped by the sump is not known
but has been estimated to be about a couple of hundred gallons per day.

The reported presence of #Na and 3’Co are suspect from that sump because those
radionuclides were produced in Building 3030 for the cyclotron program. Production
essentially ceased in the early 1980s, and in the intervening years, >’Co and 2Na would have
gone through 13 and nearly 4 half-lives respectively. Concentrations in the thousands of
. picocuries per liter today are noncredible for *’Co and suspect for 2Na.

A water sample collected from the Building 3106 sump contained moderately high gross
alpha and gross beta activities. The tritium activity in this sample was about four times the
maximum reference level. '

Elevated levels of gross alpha, gross beta, and tritium were detected in samples collected
from soil borings in the Isotopes Area (Table 6.7). The highest levels of gross alpha
(1890 pCi/g) and gross beta (3218 pCi/g) were found in the 4-6-ft interval in SB160 at the
site of a suspécted pipeline leak in Central Avenue. Alpha-emitting radionuclides detécted
in this sample included Z*U (185 pCi/g), 2°U (25 pCi/g), and 23U (1383 pCi/g). Beta-
emitting radionuclides found in this sample included $*Ni (133 pCi/g) and *4’Pm (10.4 pCi/g).
Elevated gross beta activities in soil borings SB148 and SB149 were associated with the
Building 3028 leak area. Samples from soil borings SB150, SB152, and SB153 which were
collected at sites of suspected or known past pipeline leaks contained elevated gross beta
activities. The second highest gross beta activity detected in Isotopes Area soil borings
(2830 pCi/g) was from the 12-14-ft depth interval in SB40, located directly north of tank
WC-1. Beta-emitting radionuclides found in this sample included ®Sr (886 pCi/g), *¥'Cs
(390 pCi/g), and ®Co (100 pCi/g). These elevated activities were likely the result of a leak
from tank WC-1 evidenced by the dispersed surface contamination in the surrounding area.

Table 6.8 is a summary of nonradiological contaminants found in Isotopes Area wells.
Metals detected in groundwater samples from these wells included beryllium, cadmium,
chromium, and lead. These metals were present at lévels below to slightly above SDWA
MCLs. The VOCs 1,2-DCE and TCE were detected in groundwater samples from well 598,
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located west of Building 3092. This well contained the highest concentration of TCE in
WAG 1 (210 pg/l-in the low base sample collected in October 1990).

Beryllium, chromium, and lead were detected above background but well below RCRA
action levels in Isotopes Area soil borings. TCE was detected in one soil sample from the
12-14-ft interval in SB40.

A study of process system flows and radiological monitoring data in Isotopes Area
manholes indicates that the flux of gross beta through MH114 is one to two orders of
magnitude higher than through MH112. It appears that this additional gross beta activity is
entering the process system between the two manholes. As there are no processes discharging
to the process system between MH112 and MH114, the source of this beta activity is
generally considered to be contaminated groundwater which is being intercepted by an
abandoned line exiting MH114 toward the north. MH114 is approximately along geologic
strike with the Building 3033 sump. Possible sources of the radiological contamination of
groundwater in the sump and in the process system could be uphill in the 3019 or 3042 areas.
Contaminants could be transported downdip with groundwater in Unit D, discharge upward
to Unit E, and move along strike to the east in a mirror image of the CH-8 plume.
Alternatively, there could be a source to the west in the Building 3026 area, a localized
pipeline leak, or a combination of sources. This contamination could ultimately be intercepted
by the process system and be treated in the PWTP, move off-WAG in permeable pipeline
trench backfill, and/or underflow Fifth Creek.

Data acquisition for the Isotopes Area seeks to address the issues of contaminant source
and possible underflow of Fifth Creek. In all cases, isotopic comparisons will be used to test
alternate hypotheses about contaminant source.

.- The 30331 sump was resampled in April 1993. This sample will be analyzed for tritium,
gross alpha, gross beta, and alpha and beta-emitting radionuclides. The primary purpose of
sampling this sump was to confirm the presence of contamination found in previous sampling
and to determine the presence or absence of *Sr and **’Cs. In addition, within the limits of
data resolution, the bottom of the Building 3033 sump could be very close to the Unit E
stratum through which the CH-8 plume migrates. If so, the contamination in the sump may

. . not necessarily be from a local source but could be from another location to the west or

. northwest. At present, the available data provide no indication that anything other than a
local source is responsible for the contamination. However, the data cannot rule out the
possibility of a remote source.

Radioanalytical sampling in manholes MH114 and MH233 would be compared with
results from the Building 3033 sump to determine contaminant source locations. Because
these manholes are known as groundwater catchment features, analysis for BTEX and TPH
will be used in monitoring of petroleum underground storage tanks (USTs). A core hole
located to the west of Building 3038 and targeted to the CH-8 plume stratum will address
issues of both eastward, mirror image migration of the CH-8 plume, and isotopic comparison
with other samples would also address the issue of contaminant source in the Isotopes Area.

n.
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Sampling in Stockdale core hole 33 would address possible contaminant underflow of Fifth
Creek from the Isotopes Area. Sampling of piezometer 598 will ‘be used to monitor
radiological and VOC contamination.

6.4.4 CH-8 Plume

The so-called CH-8 contaminant plume was identified in early 1992 as an apparently
narrow, westward migrating, strike-paralle] plume which discharges off-WAG to First Creek
(Fig. 6.5). Gross beta contaminant levels in CH-8 are among the highest measured in WAG 1,

. and ®Sr constitutes the majority of the beta activity. Analytical data indicate that a part of
_ the plume seeps into a storm sewer near the northeast corner of Building 2013 and discharges
to First Creek via outfall 341. The plume also seeps into an abandoned storm sewer line

_ which parallels First Street and dlscharges via outfall 342.

Samplmg of piezometer 535 to the west of First Creek in conjunction with CH-8 plume
investigations in November 1991 revealed gross alpha, gross beta, and tritium values of 116,
322, and 647 pCi/L respectively, which was suggested (BNI 1992) to represent underflow of
First Creek. No source for the contamination is known or suspected to be to the west of First
Creek. In the absence of data to determine the isotopic composition of the piezometer 535
-contamination, it must be presumed that the CH-8 plume is underflowing First Creek‘;

Similarly, routine sampling of outfall 247 in November 1992 revealed more than
1700 pCi/L gross beta activity, more than 1400 pCi/L of which was attributable to %Sr;
however, seven sampling events from March 1991 through June 1992 revealed an absence of

contamination in that outfall, and a sample in March 1993 also showed no contamination. The *
samples with elevated values were not obtained during periods of particularly high

. precipitation which might indicate high contaminant flux, and analyses before and since show

a lack of contamination. A field reconnaissance survey of the outfall area in May 1993 showed

an absence of activity, and the elevated values are considered to be ‘anomalous.

Auvailable indicator radiological data from isolated intervals in CH-8 are in Table 6.9.
Data for wells and piezometers within the plume, First Creek, and outfalis 341 and 342 are
1in Table 6.10. The data indicate relatively stable contaminant levels over the brief period of
record with the exception of increasing tritium concentrations in well 812 and piezometer 539.

Increasing tritium at these locations may be interpreted to indicate the presence of a separate -

tritium source or that the plume is evolving and tritium is migrating ahead of other
radioisotopes. Because there are no known or suspected tritium sources in the vicinity of well
812 or piezometer 539, the latter interpretation is favored.

Data to further characterize the CH-8 plume have not been obtained. The source of the
plume is undoubtedly to the east of CH-8, and the current conceptual model describes
upward leakage into Unit E from the Building 3019 area above Unit D where significant
quantities of contaminant may reside. Alternatively, or perhaps in combination, leaking
pipelines in the NTF area could be a source. Isotopic comparisons, described in Sect. 6.4.2.1,
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indicate that both areas are potential sources, but at present the data are insufficient to be
more definitive. :

An aggressive plume characterization, interception, and source identification program will
be performed for the CH-8 plume as an early interim action. The program utilizes data to be
obtained from the Building 3001/3019 area, the NTF, and the Isotopes Area described above.
Consideration was given to possible dual use in CH-8 source identification in the siting of
many of those wells and core holes. Basic components of the program include source
identification, plume interception, and investigation of underflow of First Creek.

Early action plume characterization and removal activities described in the paragraphs
-that follow are included only to provide a comprehensive and coherent presentation of
activities related to CH-8. These early actions, however, are not part of this work plan.
Rather, they are part of the CH-8 early action Engineering Evaluatlon/Cost Assessment to
be prepared before final approval of this work plan.

Plume characterization activities are designed to support early action remedial design.
Eight to ten bedrock weathering interface wells will be installed along the southern plume
boundary and across the plume axis to describe the plume areal configuration and to assist
in identifying locations for plume interception trenches described below. Two such wells will
be installed downgradient of the trenches to monitor interceptor trench effectiveness. A
nominal 100 to 150 ft core hole located west of Building 2069 will intersect the contaminated
stratum at depth to investigate down dip migration. Semi-annual monitoring of piezometer
535 will continue to address underflow of First Creek, and similar sampling of piezometer 539
and well 812 will be used to monitor interceptor trench effectiveness.

Early action remediation is designed to (1) immediately halt plume seepage into the
- storm sewer system, (2) intercept the plume at several locations to prevent new such seepage
from developing, and (3) identify the source of the plume. Based on analyses of First Creek
outfalls 341, 342, and storm sewer locations, the plume is known to be seeping into the storm
sewer system. One location is an abandoned portion of the system on the eastern side of First
Street which apparently (according to the ORNL Atlas) has a portion of pipeline which
continues to the east toward piezometer 539. This pipeline discharges to First Creek via
_ outfall 342. Manholes to the north of Building 2013 also receive plume seepage which, after
joining with other parts of the storm sewer system, ultxmatcly discharges to First Creek via
outfall 341. :

The pipeline near First Street will be videoed to determine where the seepage is
occurring, and the pipeline will be lined to prevent further seepage. The manholes north of
Building 2013 will be lined and interceptor trenches constructed to the north of the manholes
to prevent further seepage in the area. Preliminary conceptual design for the interceptor
includes a french drain which would direct water passively captured in the trench to the
PWTP for treatment. Quarterly monitoring of Outfalls 341 and 342 will be performed until
such time as it is determined that they are no longer discharging contaminants.
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Because the plume is in an area of groundwater discharge, two additional passive
interceptor trenches are planned at locations across the plume axis to further control seepage.
The precise locations for the trenches will be determined after characterization wells more
definitively describe the plume, but at present one is envisioned in the vicinity west of
Building 2069 and the other is envisioned between Buildings 2011 and 2018. They, too, will
contain french drains which will direct captured water to the PWT system for discharge.
~ Bedrock weathering interface monitoring wells will be mstalled to the west of each extraction
trench.

Contaminant removal is also planned for CH-8 because of its high levels of
. contamination and presumed location near the source. This will be accomplished by low-
volume pumping from the Westbay installation sampling ports to the PWT system along Third
Street. Semi-annual sampling of the CH-8 Westbay installation will continue until the
contaminant removal system is operational to maintain a continuous record, monitor changes
in concentration at different phases of the water year, and provide baseline condxtxons for
comparison after initiation of the early action.

" In all cases, contaminant removal is designed to minimally perturb the natural
groundwatcr system. It is considered likely that the groundwater flow system and presumed
distribution of contaminants may be sensitive to more aggressive removal options (e.g., larger
scale pumping) which could lead to possibly undesirable results. At present, the degree‘and
areal distribution of contamination is insufficiently characterized to anticipate the effects of
system perturbations. With the exception of minor extraction from CH-8, the plume removal
system would simply provide preferred groundwater discharge galleries for the exxstmg
discharging system.

Selection of the contaminant removal and treatment option for plume interception is to
obtain immediate results with a proven and in-place technology. As the interception system

matures and monitoring results are analyzed, the removal and treatment option is likely to

be reevaluated in lieu of alternatives such as in-situ remediation technologies.

It is known that historic problems have occurred with a concrete-encased LLLW pipeline
on the eastern side of Third Street. To investigate the possibility that the CH-8 plume source
is related to this line, three temporary piezometers will be installed near the pipeline in a
north-south orientation running across the presumed plume axis. Additional plume source
investigations are described in the sections above. Sample analyses from wells and core holes
will be compared to describe the levels and compositions of contamination. Depending on the
analytical results, source removal or immobilization options will be considered to augment
those remedial actions already under way.

6.4.5 Oak Ridge Research Reactor (Building 3042) Area

The Oak Ridge Research Reactor (ORR) was placed in service in March 1958 and was
shut down in 1987. The reactor shielding pools and associated equipment are located within
the main building (3042). Heat removal systems are located within adjacent buildings.
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Containment ducts and filter pit areas are contaminated with 13’Cs, **Sr, and ®Co. Figure 6.6
- shows the locations.of buildings, wells, soil borings, and-sumps. :

The primary cooling loop for the ORR, consisting of two parallel 24-in. pipelines, extends
underground northeastward to the main circulating pumps in Building 3085. A third
perforated pipeline has been installed in gravel backfill in the bottom of the pipe chase for
the primary cooling loop. The lowest point of the pipe chase is at elevation 798.53 ft MSL
in the ORR basement. The perforated pipeline collects groundwater, which then flows by
gravity from the lowest point of the pipe chase to the ORR building sump. The ORR sump
consists of two sumps, an inner (shallow) sump with a bottom elevation of approximately
785 ft MSL and an outer (deep) sump with a bottom elevation of about 773 ft MSL. The
groundwater collected in the pipeline in the primary cooling loop pipe chase goes to the outer
(deep) sump where it is commingled with process waste from the ORR building and pumped
to the process waste system. Average flow from the outer (deep) sump is approximately
16 gal/min; however, the contribution of groundwater to this total flow is unknown. The inner
(shallow) sump collects groundwater from foundation drains under the ORR building. This
water is pumped from the sump to a storm drain for discharge to Fifth Creek. Six additional
sumps are located along the pipe chase between the ORR and Building 3085. Groundwater -
. collected in these sumps is pumped to the process waste system. .

Activities of gross alpha, gross beta, and tritium which were above reference levels have
been detected in groundwater samples collected from 3042 Area wells (Table 6.11). The
highest gross alpha activity (125 pCi/L) in 3042 area wells was found in the low base sample
-~ collected from interface well 596 in November 1991. Well 596 is located about 50 ft north of
Building 3042. Alpha-emitting radionuclides detected above background in this sample
included %! Am (20.4 pCi/L), 25Th (2.9 pCi/L), Z°Th (2.7 pCi/L), %?Th (3.9 pCi/L), and 22U
(1.3 pCi/L). The highest gross beta level (552 pCi/L) was detected in the high base sample
. -from well 589 collected in May 1991. Beta-emitting radionuclides which were found above

- reference levels in this sample included total radioactive strontium (284 pCi/L) and ¥'Cs
(67 pCi/L). Other beta-emitting radionuclides which were above background levels in samples
from 3042 area wells were 2°Ra, 2®Ra, and **Tc. The highest tritium activity in 3042 area
wells (61,750 pCi/L) was in the low base sample collected from well 603 in November 1991.

Higher levels of radiological contamination than were found in 3042 area wells were
observed in the water sample. collected from the 3042 sump (30421) in August 1993
- (Table 6.11). The gross alpha activity was.23.2 pCi/L and the gross -beta activity was
- 4590 pCi/L in this sample. The bulk of the beta-emitting activity was accounted for by 1*’Cs
(1863 pCi/L), %Co (1809 pCi/L), and '3Cs (864 pCi/L).

These results differ from those reported by BNI (1992) by more than two orders of
magnitude. The vast difference is believed to have been a result of sampling locations. On the
basis of an interview with the technician who obtained the BNI (1992) sample, the source of
the smaple was the outer (deep) sump, which is not representative of groundwater. However,
written documentation of where the sample was taken does not exist.
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_ Levels of gross alpha and gross beta ranging from below to slightly above reference levels

were detected in soil samples from borings SB142 and SB257 in the 3042 area (Table 6.12).
The maximum tritium activity detected in these borings was from the 4-5.9-ft interval in
SB257 (1.17 pCi/g).

Nonradiological contaminants detected above background levels in 3042 arca wells
included TCE, beryllium, cadmium, chromium, and lead (Table 6.13). The highest levels of
beryllium and lead in the wells were detected in the sample collected from well 603 in
November 1991. The highest concentrations of cadmium and chromium were found in the
sample collected from well 589 in November 1990. The sample collected from the 3042 sump
contained about five times the maximum concentration ‘of lead found in 3042 area wells
(2230 wg/L). : '

o

Beryllium, cadmium, chromium, and lead were detected in 3042 area soil borings.

However, they were detected at levels below maximum reference concentrations.

+ Results of a dye test reported by Huff (1985) indicated that groundwater was flowing
eastward, along geologic strike, to the ORR sump from the area of a LLLW line break
between Building 3019 and Building 3074. A cavity in the limestone bedrock was observed
in-the excavation for the line break. Fluorescein dye which had been injected into this cavity
was observed in the inner (upper) ORR sump within 48 h. The injection point for the dye
was at an elevation of about 820 ft MSL and the collection point for groundwater in the sump
was at about 785 ft MSL. Therefore, there was an hydraulic gradient from the injection point
to the sump of approximately 35 ft over a distance of 450 ft. This gradient is produced by
pumping of water which maintains a groundwater depression in the vicinity of the sump.
Therefore, radiological contamination detected in water samples from the ORR sump may
be moving from the Building 3001/3019 area along cavities and solution features in Unit D.
Contaminants may also be collected in the sump from leaks in nearby underground linf,s.

Actions for the ORR seek to determine the sources and migration pathways to the ORR
sump. The inner (upper) 3042 sump will be sampled and isotopic analyses of the sample will
be conducted to determine the radiological fingerprint of the sump sample. The isotopic
composition of the contamination will be compared to isotopic analyses of samples collected
in the 3019 area to determine if contaminants in the sump are derived from the Building 3019
area.

- Drilling of a bedrock well immediately to the south of piezometer 588 will seek to obtain
groundwater data between the ORR and the Building 3001/3019 area. Comparison of the
analytical results with those from the ORR sump and wells in the Building 3001/3019 area will
provide information about source areas and migration pathways.

6.4.6 Surface Impoundments (3524, 3513, 3539, and 3540)

The four inactive impoundments in this area were used for settling and/or emergency
storage of LLLW waste and as settling basins as part of the process waste system. These
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impoundments still contain water and sludges. Figure 6.7 shows the locations of the
impoundments, piezometers, wells, and soil borings diseussed in this section. -

The unlined waste detention basin (DB) 3513 was constructed in 1944. In some places
the bottom of the basin is within 1 ft of limestone bedrock. During its operational life (1944
to 1976) the DB received the supernatant outflow from the STF LLLW tanks; later, water
treated in the original PWTP was held in the DB before being discharged to WOC.
Nonradiological contaminants detected in water samples from the DB include chromium, lead,
and selenium. Radiological contaminants detected in the water are *’Cs and %Sr;
nonradiological contaminants in sludge samples from the DB included mercury and, possibly,
selenium. Radiological constituents detected in the sludge samples are ®Co, 3’Cs, %S, 159Ey,
B8py, B9py, X1Am and #Cm. N

The equalization basin (EB) 3524 was originally built in 1945 as two adjacent, unlined
ponds for emergency storage of LLLW. In 1957 the earthen dike between the two ponds was
removed to create a larger EB for the original PWTP. The basin was further enlarged in 1961
to a final capacity of 1 million gal. Perimeter rock exposures and bedrock pinnacles are
seasonably visible in the EB, and the expanded, western half of the basin shows clear evidence
of simple cut-and-cover construction with an absence of a well-defined perimeter berm. It is
thus very likely that excavation was to bedrock and that fissures and cavities allow for
outleakage. The EB was removed from service in 1989, although it is still available for
emergency overflows from the current process waste system. Analyses of sludge samples from
the EB in 1984 found *'Cs, %Sr, #1Am, ¥Co, and *Eu. VOCs detected in sediment
- samples and in samples of the water directly overlying the sludge in 1986 were benzene,
chloroform, and methylene chloride.

The process waste ponds 3539 and 3540 were constructed in 1964 with compacted clay
liners as a surge basin system designed to receive and discharge process waste streams from
the Building 4500 area. The ponds were removed from service in 1990. VOCs detected in
samples of water directly overlying the sludge in these ponds were methylene chloride and
chloroform. Sludge samples collected in 1986 contained slightly elevated leveis of methylene
chloride and 1,2-trans-DCE. Total radioactivity in the ponds has been estimated to be <10 Ci.

Table 6.14 is a summary of radiological contamination detected in groundwater samples
from wells in the DB (3513) area. Gross alpha, gross beta, and tritium were detected above
maximum background (reference) levels in wells 877, 1102, 1103, and 1104 in the DB area.
The highest gross alpha (120 pCi/L) and gross beta (2200 pCi/L) activities in the DB area
wells were detected in the samples collected from well 1102 in February 1991 during high
base storm conditions and in June 1992 during high base conditions respectively. The highest
activities of manmade beta-emitting radionuclides in the DB area were *°Sr (1020 pCi/L) and
Z8Ra (308 pCi/L) in the sample from well 1102 in February 1991. This well is located to the
south of and hydraulically downgradient of the DB. The highest tritium activities were
observed in samples collected from well 1104 in February 1991 during high base storm
conditions (79,500 pCi/L) and in April 1991 during high base conditions (50,950 pCi/L). This
well is to the west of the DB and downgradient of the EB. .
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Radiological contamination detected in groundwater samples from EB (3524) area wells
is summarized in Table 6.15. Elevated gross alpha, gross beta, and tritium activities were
detected in groundwater samples from these wells. The highest tritium activities in the
Impoundments Area (827,670 pCi/L to 912,000 pCi/L) were detected in samples from the
875/885 well pair, which is located directly south and hydraulically downgradient of the EB.
Tritium activities in samples from other downgradient wells (874, 876, 1100, and 1101) ranged
from 104,000 to 404,000 pCi/L, except for the sample from well 1100 in May 1991
(2540 pCi/L). Tritium activities in the closest upgradient well (579) were two orders of
magnitude lower than activities in the downgradient wells in samples collected in February
1991 and April 1991 (7280 and 3330 pCi/L respectively). The highest gross alpha (74 and
287 pCi/L) and gross beta (2710 and 5710 pCi/L) activities in the EB area were detected in
the high base storm samples collected in February 1991 from wells 874 and 875 respectively.
Isotopes contributing to the gross alpha activity in the February 1991 sample from well 875
included 2*U and 2°Th. Manmade beta-emitting radionuclides which were detected in the
February 1991 sample from well 875 were ®Sr, 28Ra, and '*’Pm. The data indicate that
radiological contamination is most prevalent in shallow interface wells than in the bedrock
well downgradient of the EB.

‘ .. A water sample collected from the temporary piezometer installed in SB189, located i in_
.a proc&ss waste pipeline trench west of the EB, contained a gross beta activity ofA

34,000 pCi/L. Only a small portion of this beta activity was accounted for by gamma
spectroscopy. The activity found in this sample may be related to *Ni contamination detected
in soil samples from this boring.

Gross alpha, gross beta, and tritium activities only slightly elevated above reference levels
were detected in groundwater samples from wells in the area of the 3539/3540 impoundments
(see Table 6.16). Tritium activities ranged from 1710 to 3020 pCi/L, except in the April 1991

sample from well 882 (10,400 pCi/L). Gross alpha and gross beta activities showed liitle
evidence of contamination in this area, ranging from below their respective MCLs to slightly

above reference levels. The elevated gross alpha and gross beta activities detected in well 877
may have been due to contamination from the 3513 and/or 3524 areas.

In general, significant radiological contammatmn was found downgradient (south) of the
EB and DB and was not found in the 3539/3540 area. The highest levels of contamination
occurred in samples collected during high base storm conditions. This contamination consisted
primarily of high levels of tritium, moderately high levels of gross beta (predominantly *°Sr
and “®Ra) and moderately low levels of gross alpha.

Elevated levels of gross alpha, gross beta, and tritium were detected in soil borings in the
DB and EB areas (see Tables 6.17 and 6.18). Prmcxpal alpha-emitting radionuclides detected
were 24U, 25U, and B8U; principal beta emitters were *’Cs, total radioactive strontium, and
147pm. Gross alpha and gross beta in 3539/3540 area borings were detected at levels below
or near background (see Table 6.19). With the exception of gross alpha and gross beta in
SB189, elevated levels of radiological contaminants in Impoundments Area soil borings are
likely due to leakage from the impoundments or lines associated with the impoundments.
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SB189 was completed as a temporary piezometer in a process system pipeline trench. Levels
of gross beta in soil samples from this boring were one to two orders of magnitude higher
than in other Impoundments Area borings. Nickel-63 accounted for most of the gross beta
activity in SB189. This isotope was not detected in soil samples from any of the other borings
in the Impoundments Area. The soil contamination found in SB189 may be the result of a
leak in the process system pipeline near the boring. Alternatively, the contamination may be
the result of outleakage from the EB or a leak in a pipeline in the Isotopes Area, the NTF,

and/or the STF and migration of contaminants through permeable pipeline trench backfill
materials.

Nonradiological contaminants detected in Impoundments Area wells included TCE,
1,2-DCE, vinyl chloride, cadmium, chromium, and lead (see Tables 6.20, 6.21, and 6.22).
Metals (cadmium, chromium, and lead) were generally found at concentrations which were
below maximum background and/or MCLs. VOCs (TCE, 1,2-DCE, and viny! chloride) were
detected at low levels which were slightly above their respective MCLs.

Nonradiological contaminants detected in soil included chromium and lead (see
Table 6.23). These metals were present below or near maximum background concentrations
and well below RCRA action levels.

Seepage of contaminated water from the EB and DB impoundments is apparently a
major source of tritium, *Sr, and 2®Ra contamination of groundwater in WAG 1. Video
inspection of a 24-in. storm sewer to the west of the EB in December 1992 revealed
numerous inleaking joints, particularly in that portion of the storm sewer on the northwest
side of the EB. All of the observed flow in the storm sewer was derived from inleakage which
is subsequently pumped back into the EB. Because most of the leaks were from the EB side
(east) of the pipeline and a head potential exists from the EB to the pipeline, it is reasonable
to assume that the pipeline inleakage is derived at least partly from seepage from the EB.
Sampling of the inleaking water has not been performed.

Radiological contaminants have been found in overburden, interface, and bedrock wells.
Contaminants should move southward (downgradient in the overburden and down-dip in
bedrock), eventually discharging to WOC. Contaminants may also be migrating in pipeline
backfill materials. Given the relatively short half-life and siow transport velocity in
groundwater of #2Ra, it should undergo significant decay before it reaches WOC. Therefore,
tritium and *'Sr are the primary contaminants which could reach WOC and be transported
off-WAG.

The following actions will be performed in the Impoundments Area:

e consideration will be given to determine the need for an interim, early action separate
from this work plan to retard the migration of contaminants from the impoundments to
groundwater. Discussions will begin during scoping meetings held to initiate the RI/FS
process for the Surface Impoundments OU. Considered actions might include the

000044 .



6-33

feasibility of installing a temporary liner or implementing other source control technology
before closure or accelerating the final closure schedule where feasible;

¢ sampling of groundwater twice yearly in wells 874, 875, 885, 876, and 1104 downgradient
of the EB and wells 1102, 1103, and 1104 downgradient of the DB; these samples will
be analyzed for gross alpha, gross beta, and tritium;

¢ resampling of groundwater in the temporary piezometer in SB189; this sample will be
analyzed for gross alpha, gross beta, tritium, and isotopics to confirm the observation of
elevated gross beta activity in the December 1991 sample and to determine whether %*Ni
is present in the groundwater at this location.

The impoundments will eventually be closed. After closure, monitoring of downgradient
'wells for gross alpha, gross beta, and tritium should continue during high base and high base
storm conditions to determine the effects of closure on radiological contamination of
groundwater and on discharge of contaminants to WOC. No monitoring of nonradiological

- contaminants is necessary because VOCs should volatilize within hours of entering WOC and

metals are present at levels below MCLs.
6.4.7 Solid Waste Storage Areas 1 and 2

Figures 6.8 and 6.9 show wells, piezometers, and soil borings in SWSAs 1 and 2
respectively. Wastes were stored in these areas in the early to mid 1940s. SWSA 1 received
solid wastes, and SWSA 2 received both solid and liquid wastes. Some time after 1946, the
wastes and contaminated soil were removed from SWSA 2 and transferred to SWSA 3, but
some objects may remain in SWSA 2. Both areas are grassed, and SWSA 1 is fenced.

In 1990 geophysical surveys were performed to investigate subsurface objects in SWSAs
1 and 2. Five areas with geophysical anomalies were identified in SWSA 1, and seventeen
. were identified in SWSA 2. The nature of the objects is not known but could include portions

of a waste transfer line in the case of SWSA 1 and storage tanks and vehicles in the case of -

SWSA 2. The extent to which these remaining objects may contribute to groundwater
contamination is not known, but much higher iron concentrations in downgradient piezometer
622 (17,700 ug/L) than upgradient locations suggests the potential that buried objects are
impacting the groundwater.

Indicator radioogical data from SWSAs 1 and 2 are given in Tables 6.24 and 6.25. For
SWSA 1, the relatively complete historical data for many wells indicate generally stable
contaminant concentrations over time and between high and low base groundwater conditions.
Gross alpha and beta concentrations are generally below reference levels, and tritium values
range between about 1000 and 2500 pCi/L. The highest tritium concentrations in bedrock
wells 828 and 947 suggest the possibility of flow paths below the water table surface. In
addition, piezometer 571 contains several radionuclides (e.g., 239py/#0pu, 28Ra), which could
suggest westward migration of contaminants from SWSA 1. Nonradiological contamination
is generally below to only slightly above MCLs and reference values.
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SWSA 1 soils radiological data (not tabulated) are generally below or only slightly above
reference levels. The exception is SB63 which contained 2166 pCi/g gross beta from the
0-1.8-ft sample. 2?Pu/#*°Py was also detected (below reference levels) from that location.
The absence of similar contamination from nearby soil borings SB61 and SB62 indicates that
SB63 contamination is very localized, and no major areas of soil contamination are present.

Table 6.25 for SWSA 2 indicates that tritium contamination is prevalent throughout much
of the area, with the highest concentrations within and southwest of SWSA 2-—suggesting
southwestward migration. Slightly higher gross alpha and beta in the downgradient piezometer
also suggest minor radiological migration. This is corroborated by the presence of radiological
contamination in Fifth Creek outfall 165 that serves a small segment of a storm sewer from
Fifth Street. Because no other source for the outfall 165 contamination is apparent, it is
presumed to be coming from discharging groundwater from SWSA 2. The data from adjacent
bedrock wells 820 (about 20 ft deep) and 821 (about 80 ft deep) indicate that contamination
decreases with depth. With the exception of iron in piezometer 622 above reference values,
nonradiological contamination is at or below MCLs and reference sampling results. No soils
data are available from SWSA 2.

Monitoring will be performed in SWSAs 1 and 2. To augment reduced environmental
- compliance monitoring of the WAG 1 water quality wells, welis 827, 828, 829, 946, and 947
and piezometer 571 will be sampled in SWSA 1. Piezometer 622 and well 822 will be
monitored in SWSA 2. Monitoring will be performed during high and low base conditions,
and sampling coordination will be arranged with environmental compliance momtonng to
maximize efficiency.

6.4.8 Pipelines

Because pipelines, particularly process waste pipelines, are known to collect significant
aimounts of contaminated groundwater, available flow and radiological data from process
waste manholes which are monitored monthly were analyzed. Figure 3.2 shows the locations
of process waste manholes for which radiological data are available. The purpose of the
analysis was to investigate possible relationships with groundwater elevation. A description
of the results of Phase 1 RI temporary piezometer installation in pipeline trenches fo liows
the description of the process waste manhole analysxs

Perfonnance of the process waste manhole analysis relied on monthly process waste flow
and radiological data and underground tank level and dry well radiological data acquired and
provided by ORNL Waste Management Division staff. Because these data are collected for
purposes other than groundwater studies and may not represent a suitably high degree of
accuracy, the absolute data values are emphasized less than apparent trends in the data.
Irregularities in process waste production in facilities served by any manhole and periodic tank
pumpage seriously complicates the analysis.

Groundwater elevation data are those contained in BNI (1992), and piezometers were
selected to be representative of both recharge and discharge locations. Precipitation data are
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from Walker Branch Stations RG1 and RG3, and surface water stage data are for First Creek
-and Northwest Tributary -collected by the-Office of Environmental Compliance and
Documentation. Thus, the data are from several unrelated programs and projects at ORNL.

Because the data were collected at various frequencies, the analysis was conducted on
summaries of the monthly frequencies. No attempt was made to validate the data beyond that
conducted by the data custodians. The data generally cover the time period from 1985
through 1992, but most of the data series are incomplete for the entire time period. When
short data records correlated highly with longer data records, a surrogate was used to increase
the data density. For example, some of the groundwater data from some piezometers
correlated highly with stage data from creeks, and the use of the surrogate creek data greatly
increased the number of groundwater data points available for analysis.

. The analysis considered the dependence of several variables on an observation to
detcrrmne causal relationships. When plotted, dependence is observed as a diagonal, straight
line pattern to the data. An absence of such a straight line pattern indicates an absence of
dependence. Total contaminant flux through the process waste pipeline system at any location
was calculated by multiplying monthly manhole flow rate and radiological data. The principal
objective of the aralysis was to determine if flow or contaminant flux through process waste
manholes was reiated to either precipitation or groundwater elevation which would provide
some indication of “the interaction between the process waste pipeline system ~and
groundwater. Complicating the analysis is the variable generation of process waste liquids
from user facilities around ORNL.

Efforts to relate tank levels to precipitation and groundwater elevations were generally
unsuccessful. The typical pattern observed was a steady increase over time followed by a
precipitous drop which is undoubtedly from pumping.

- With the exception of several potentially outlier data points, a relatively weak
relationship between process waste pipeline flow and precipitation is apparent in MH229. No
other manholes exhibited dependence. However, dependence between manhole contaminant
flux and precipitation is apparent at PS1, MH149, MH229, and MH234. Dependence between
manhole contaminant flux and groundwater elevation is apparent at PS1, MH114, MH149,
M3$i229, and MH234. That contaminant flux at MH114 is not dependent on precipitation is
probably because the pipelines to that manhole are in Unit D where 2 lag between .
precipitation and aquifer response is likely.

Dependence between manhole contaminant flux and precipitation and/or groundwater
elevation supports the concept that contaminant mobilization occurs principally during periods
of elevated water table despite apparently lower concentrations due to dilution. It also
suggests that contaminants residing in groundwater or in the vadose zone immediately above
.the water table are mobilized above the bcdrock weathering interface in response to water
table rise.
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BNI (1992) reports the installation of nine temporary piezometers in pipeline trenches.
Water level monitoring and sampling was performed between November 1991 and March
1992. Estimated well depths and high and low base groundwater elevations indicate that only
two (SB187 and SB208) of the nine piezometers (and trenches) are seasonally below or very
near the water table elevation. However, monitoring data indicate that all but two of the
piezometers (SB195 and SB197) contained water in at least one monitoring event during the
monitoring period, and four piezometers contained water during each monitoring event.
Because of the time period of monitoring, these conditions can be considered to generally
represent high base conditions.

Maximum radiological content data for the temporary piezometers indicate negligible to '

significant radiological contamination in all piezometers which contained water.
Contamination in SB187, apparently located in a storm sewer, suggests the possibility of
pipeline crossover or leakage from a process waste or LLLW line to the storm sewer system.
Significant concentrations in SB132 are likely related to a process waste line leak in the area,
and concentrations in SB189 could result from along-line migration or outleakage from the
3524 EB. The general absence of radiologic contamination in soil borings near piezometers
SB189 and SB197 suggests that along-line migration occurs. Hydraulic conductivity estimates
in piezometers SB208 and SB224 of 3.71 x 107! and 1.24 x 10~* cm/s are comparable to
average - hydraulic conductivity values for interface piezometers. Alternatively, generally
uniform contaminant concentrations in soil borings in the vicinity of SB195 suggests more
diffuse areal contamination.

Compared to contaminant concentrations in underground tank dry wells, the level of
contamination in pipeline trenches is comparatively small. However, although tank dry wells
tend to capture contaminated groundwater, pipeline trenches may tend to distribute
contamination.

The identification of **Ni, an unusually occurring radioisotope, in several soil borings and
temporary piezometers provides some qualitative insight into migration within pipeline
- trenches. $3Ni was detected during the Phase 1 RI in samples from six soil borings and one
piezometer in WAG 1. The highest activities of ®®Ni were found in borings SB182 and SB183
near Building 3515 and in temporary piezometer SB189 to the west of the EB (3524). Lower
63Ni activities were found in SB194, located east of Building 3517; SB174, south of Building
3503; and SB160, in Central Avenue southwest of Building 3038. ®3Ni was also detected in
a groundwater sample collected from piezometer 598, located in the Isotopes Area between
Buildings 3026 and 3092. The **Ni found in the Isotopes Area may have originated in the
Low Intensity Test Reactor, where it has been found in the core and in the heat exchangers.
It may have migrated downhill in permeable pipeline backfill material.

The %Ni found in SB182 and SB183 near Building 3515 may be the result of past
pipeline leaks in the area. Boring SB194 is located near a process waste pipeline which
originates at Building 3515. The $Ni found in this boring may have migrated from the
Building 3515 area in the process waste pipeline trench. Boring SB174 is also located near
a process waste pipeline. The process waste pipeline adjacent to temporary piezometer SB189
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is connected to the process line originating at Building 3515 via MH117. Therefore, the ©Ni

- found in temporary piezometer SB189 may also have originated in the Building 3515 area and

migrated to SB189 in pipeline trench backfill. Alternatively, the ¢3Ni found in SB189 could
have resulted from leakage from the EB (3524). The ®Ni-found in SB174 may also have a
source at Building 3515 as this boring is located near a process waste pipeline connected to
the line from that building. Assuming that a potential source for the *Nj found in most of
the soil borings was derived from Building 3515 pipeline leaks, then migration along pipeline
trenches would be measured in hundreds of feet and is to various parts of the pipeline system.

To trace possible migration pathways for %3Ni in pipeline trench backfil, it would be

~ necessary to drill numerous borings in pipeline trenches and install temporary piezometers in

these borings. Many of these borings would have to be performed in contaminated areas with
potentially high risk of exposing workers to radiological contamination. Due to the many
pipelines which are located in the areas which would need to be investigated, identifying these
migration pathways would be expensive both in terms of time and money. Therefore, such an
investigation will not be conducted.

. With the exception of the limited data pertaining to contaminant migration in pipeline
trenches within WAG 1, further resolving migration pathways within WAG 1 is considered
to be an essentially hopeless endeavor. Pipeline routes and system interconnections are only

generally known, and the map atlas is over 10 years old. Rather than attempting to unravel -

WAG interior pathways, sampling of trench backfill near pipeline discharge locations at
surface water bodies which either coincide with a WAG boundary or are within the WAG will

. be performed. Identified excursions can then be traced back on a case-by-case basis via atlas

information and/or camera to locate the source. Decisions about the most appropriate
remediation option can also then be made on a case-by-case basis pending results of the
investigation. In conjunction with the pipeline trench sampling, a seep and spring inventory
and selective sampling program will be implemented. Because BNI (1992) reports such an
investigation at First Creek related to the CH-8 plume investigations, the program need be

implemented only at Fifth Creek and WOC. Because seep and spring data would be obscured

by PWTP discharges, seep and spring sampling in WOC downstream of the PWTP dxschargc
would not be needed.

6.4.9 Unit F

Because Stueber et al. (1981) describe strike-parallel flow and contaminant transport in
Unit F from SWSA 3, consideration is given to such flow in WAG 1. Three areas of
contamination in or immediately outside of WAG 1 could describe strike-parallel flow related
to Unit F.

6.4.9.1 Piezometer 536 and Well 810
Table 6.26 contains water elevation and indicator radiological data for piezometers and

wells potentially related to low levels of radiological contamination in piezometer 536 and
well 810 (Fig. 6.10). Nonradiological contamination is absent. Contaminant levels are within
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to barely above background concentrations, but the data are of concern because the presence
of contamination in piezometer 536 and well 810 could-be interpreted to suggest possible
migration along Unit F from WAG 1 and underflow of First Creek. No information suggests
. the possibility of a spill in the area to account for the contamination.

The data in Table 6.26 indicate an absence of either a hydraulic or concentration
gradient from piezometers or wells in WAG 1 toward piezometer 536 or well 810. Very close
control on the elevation of First Creek in the vicinity of Unit F indicates a reverse hydraulic
potential from the creek to well 810. These data essentially preclude WAG 1 as a source of
contamination in piezometer 536 and well 810. Rather, hydraulic and concentration gradients
do exist from piezometer 533 toward piezometer 536 and well 810 which indicates an
eastward migrating plume. Because strike-paralle] flow has been documented within Unit F
in SWSA 3, the most logical explanation for the source of piezometer 536 and well 810
. contamination is from SWSA 3 where a hydraulic gradient exists. If this is the case, it suggests
that the Northwest Tributary is an incomplete groundwater discharge surface water body and
that First Creek is the ultimate discharge location for eastward migrating groundwater.

The data indicate that contamination in piezometer 536 and well 810 is not derived from
WAG 1 but from an eastward migrating plume with a possible source area in SWSA 3. In
addition, a hydraulic potential beneath First Creek into WAG 1 does not exist. Therefore,
contamination in piezometer 536 and well 810 is not a WAG 1 groundwater issue but a
Bethel Valley Groundwater OU issue and will be addressed by the Bethel Valley OU.
Because existing data are relatively complete. to describe changes in water elevation and
radiological contamination in piezometer 536 and well 810, no further monitoring or sampling
will be performed as part of this RIL .

6.4.92 Building 2533 Sump Plume

Table 6.27 contains indicator radiological data for piezometers and sumps which appears
to describe another contaminant plume in the vicinity of Unit F (Fig. 6.10). The data indicate
the presence of a plume originating in the vicinity of the Building 2533 sump and migrating
in a southwesterly direction. The plume exhibits highly elevated concentrations of tritium and
gross beta; nearly 75% of the gross beta activity in the Building 2533 sump is 137,

The plume appears to terminate in Unit F. Piezometer 567 to the south of Unit Fin the .
apparent plume migration direction does not exhibit radiological contamination. Radiological
contamination slightly above background levels in piezometer 541, about 650 fi to the west
in Unit F, could represent strike parallel migration since no other apparent source for that
contamination (especially 1¥7Cs) is in the area, but the data are insufficient to substantiate
such migration. '

Soil boring radiological data (see Table 6.28) indicate nominally one order-of-magnitude
- elevated gross beta values over background for SB181. Because SB078 (near the apparent
high concentration portion of the plume) does not exhibit similar elevated values, it is
considered unlikely that the SB181 (located near or outside of the apparent eastern border .
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of the plume) contamination is related to the plume. The nature of the SB181 contamination
- is unknown, but the data show no relationship between the groundwater plume and soil
contamination.

Facility monitoring by Energy Systems personnel indicates no activities in Building 2533
could serve as an ongoing source, but assumed intermittent sump pump operation is likely to
be the cause of plume development. The recent identification of a leak in a LLLW line north
of the STF which feeds the Building 2533 evaporator is considered to be a likely source. The
pipeline has been leaking for an undetermined period of time, but leaks into and migration
along the pipeline backfill material are possible. Both the Building 2533 sump water and soil
surrounding the leak contain the beta emitters °Eu, 3*Eu, 32Eu, ®Co, and ¥’Cs in
considerable amounts. The alpha emitters 2%24°py, 28py, and #*Cm present in the soil is
apparently not present in the Building 2533 sump. Alternatively, the extremely high
contaminant concentrations suggest some relation to a former leak from a process waste
pipeline in the area. The data are currently insufficient to confidently identify a source.

" After possible source areas are discussed with knowledgeable personnel, drive points can
be installed along suspected pipelines in an attempt to identify a source. Pending results of
those studies further source reduction measures can be considered. Semi-annual sampling of
the sumps in Buildings 2533 and 2531 and piezometers 564, 566, and 567 during high and low
base conditions will be ongoing. Isotopic comparison between the Building 2533 sump’and
soil samples around the LLLW pipeline leak will support source investigations along the
pipeline trench.

6493 Core hole CH-9 -

Sampling in two straddle packer test intervals in CH-9 (Fig. 6.10) revealed the presence
of ¥Cs (about 17 pCilL) and tritium (about 18,000 to 30,000 pCi/L) and minor
nonradiological contamination. One explanation for the contamination in core CH-9 is down-
dip migration within Unit F. Such migration is potentially significant because, contrary to the
current conceptual model of the flow field, it would indicate the presence of long deep flow

_paths actively involved in contaminant migration.

Table 6.29 contains radiological and VOC data and estimated head values from the two
CH-9 straddie packer test intervals. Data from piezometers located up dip from the CH-9
contaminated intervals are also included.

The lower CH-9 contaminated interval (from about 314- to 327-ft depth) is within Unit F
and has elevated tritium concentrations. The data from well 886 (screened in Unit F) do not
indicate contaminant migration from that location to depth. Temporal differences between
the piezometer 565 and CH-9 contaminant data prohibit definitive comparisons; however,
neither exhibit a head gradient to the CH-9 interval. Toluene and acetone are also absent
from well 886. Data are not available from other nearby surface locations (e.g., south of the
STF) to identify another source.
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The upper CH-9 contaminated interval (about 126 to 138 ft deep) is within Unit G and
would project to a-surface location about 10 m south of the 3524 EB. Insufficient data are
available to describe the head potential from that area to the CH-9 upper contaminated
interval. The generally upward head profile from CH-9 packer testing indicates water moves

up the hole, and radiological contamination can be considered to be dispersed throughout the
hole. ’

As stated in Sect. 3.3, flow meter testing in CH-9 by Moore and Young (1992)
determined that water entered the hole in the vicinity of 338 ft depth and exited the hole at
135 ft. Geochemical sampling of the contaminated intervals indicates that the waters are of
the sodium chloride type which has been interpreted to represent deep and older water (e.g.,
BNI 1992). Mixing between the time the hole was drilled and straddle packer tested may
render these results subject to question for the upper interval. These data suggest that the
upper interval contaminants are derived from the lower interval. The presence of significantly
higher tritium concentrations in the upper interval, however, is inconsistent with that
interpretation.

Analysis of the data provides no reasonable explanation for the presence of contaminants
at depth in CH-9. The absence of contamination in other packer tested intervals suggests that
contaminants were not introduced to the hole by the straddle packer equipment. The data
do indicate, however, that the open condition of CH-9 is serving as an artificial contaminant
migration pathway.

Because of the comparatively great depths to the contaminated intervals, contamination
in CH-9 comes under the responsibility of the Groundwater OU and is not a WAG 1
groundwater issue. However, the OU should consider CH-9 as a candidate for a Westbay
~ multiport sampling installation to prohibit continued mixing of contamination throughout the
hole and to monitor changes in contaminant concentration over time.

No other locations in WAG 1 exhibit contamination in Unit F, but the available data
suggest that Unit F may be at least a partial barrier to gradient-normal flow and a strike-
parallel transmitter of contaminants. The data do not presently support the hypothesis that
Unit F is a pathway for contaminant migration to depth.

6.4.10 Localized Areas of Contamination
6.4.10.1 Well 830

Grimsby (1986) describes the area near well 830 (Fig. 6.11) as an ILW line break in the
early 1970s which resulted in leakage to WOC. The historic data in Table 6.30 show that
tritium is by far the most prevalent contaminant. Nonradiological contaminant data for
groundwater are not available. Soil samples in the area exhibit considerable gross beta
contamination likely associated with pipeline leaks, but the soil samples do not exhibit the
tritium contamination present in well 830. These data suggest that secondary contaminant
sources are not present in the area. WOC sediment sampling radiological contamination at
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CS-3 described in BNI (1992) cannot be attributed to the well 830 area because other

- -upstream sources may be responsible for the streambed contamination.

No data exist to determine whether contamination from the vicinity of well 830 is seeping
into WOC. Data are also insufficient to determine.how contamination in well 830 has
changed over time, but since nearly two tritium half-lives have expired since the reported

pipeline leak, it can be presumed to be significantly reduced.

Seep and spring sampling in the vicinity of well 830 will be performed to determine if

- contaminants are reaching the creek. If no contamination is found, and no information is

uncovered to suggest an ongoing release, only continued monitoring of well 830 will be
performed.

¥ 6:4.102 Piczometer 584

‘Piezometer 584 (Fig. 6.11) is located at the intersection of Central Avenue and Fourth
Street, south-southwest of Building 3026. Results of Close Support Laboratory analyses of a

- sample collected from this piezometer in December 1991 indicated the presence of significant

radlologxcal contamination (see Table 6.31). The highest gross alpha (6611 pCi/L) and gross
beta (1,346,395 pCi/L) in WAG 1 groundwater were detected in this sample. This pxczometer
was resampled in April-1993; and the sample has been submitted for laboratory analyses of
gross alpha, gross beta, tritium, and isotopics.

- Piezometer 584 is located near several LLLW pipelines which run parallel to Central
Avenue. A likely source of the contamination detected in this piezometer is historical leaks
in these pipelines or in pipelines to the north associated with Building 3026. During recent
construction of the new LLLW pipeline along Central Avenue, significant leakage of '*’Cs
into the process waste system is reported to have occurred near piczometer 584. .

Pending results of laboratory analyses of the most recent sample, samples will be
collected from piezometer 584 twice yearly during high base and high base storm oondxtxons
These samples will be analyzed for gross alpha and gross beta.

6.4.103 Piezometer 590

Piezometer 590 (Fig. 6.11) is located north of Central Avenue, directly west of Building
3026 and east of the site of the former Building 3024, Table 6.32 summarizes radiological
contamination detected in a groundwater sample from piezometer 590 and soil samples from
SB165 and SB241. The groundwater sample, collected during low base conditions in
November 1991, contained elevated gross alpha and tritium activities and a high gross beta
activity (5278 pCi/L). Soil samples from boring SB165, one of five borings performed to
investigate reported leaks associated with Building 3026, contained elevated activities of gross
beta and tritium. A relatively high gross beta activity (1084 pCi/g) was detected in the sample
from the 4-5.5-ft interval in SB241. The purpose of this boring was to investigate possible soil
contamination from a leak in tank WC-4.
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Possible sources of the radiological contamination found in piezometer 590 are leaks
from Building 3026 and from tank WC-4. In addition,»Grimsby (1986) reported numerous
leaks and spills associated with the former Building 3024, located to the west of piezometer
590. However, Building 3024 was in a nonradiological area, and the source is suspected to be
former pipeline leaks. These releases may also be sources of the groundwater contamination
in the area.

Samples will be collected twice yearly from piezometer 590 during high base and high
base storm conditions. These samples will be analyzed for gross alpha, gross beta, and tritium.

6.4.10.4 Piezometer 593

Piezometer 593 (Fig. 6.11) is located to the south of Building 3525 along Fourth Street.
Table 6.33 is a summary of radiological contamination found in a groundwater sample from
piezometer 593 and in soil samples from borings south of Building 3525. Elevated gross alpha
and gross beta activities (114 pCi/L and 128 pCi/L respectively) were observed in the high
base sample collected from piezometer 593 in February 1991. Levels of gross alpha and gross
beta in the borings were all below maximum reference levels. Grimsby (1986) reports that
leaks have occurred in low-level waste lines discharging water into a ventilation duct which
in turn feeds a sump located near Building 3525. These leaks may be a source of the
‘contamination detected in piezometer 593.

A sample will be collected from piezometer 593 once yearly during high base storm
.conditions. This sample will be analyzed for gross alpha and gross beta. .

6.4.10.5 Core bole 7A

Core hole 7A is located in the northwestern part of WAG 1 north of Building 2009,
between Buildings 2026 and 2007 (see Fig. 6.11). It was drilled to a total depth of 184.6 ft
BGS in Unit C of the Chickamauga Group in 1991. Chickamauga Unit D was encountered
at 28 ft BGS and Unit C was penetrated at 147.6 ft BGS.

Fractured intervals in Unit D which have been identified on geophysical logs of CH-7A
occur at 49 to 51, 66 to 67, 72 to 73, 89 to 90, and 162 to 163 ft BGS. Shifts in the
temperature and differential temperature logs are noted in these intervals, with the most
dramatic shifts occurring at 49 to 51 and 89 to 90 ft. These temperature shifts are inferred
to show active groundwater flow in these fractured intervals. A 1-ft cavity was encountered
while drilling at approximately 90 ft BGS.

Packer tests, which included piezometric head measurements and hydraulic conductivity
tests, were completed in six intervals in CH-7A. Piezometric heads and hydraulic
conductivities for the packer test intervals are summarized in Table 6.34. In general, Unit D
in CH-7A appears to be a zone of low piezometric head. The lowest head was observed in
the interval from 84 to 91 ft BGS. This interval contains the 1-ft cavity which was
encountered at 90 ft and the fractured interval from 89 to 90 ft identified on geophysical logs.
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The presence of a cavity, indications of active groundwater flow on temperature logs,
detection of low levels.of contamination, and'the low head imply that this interval may include
a significant groundwater discharge zone in Unit D. The relatively low hydraulic conductivity
estimated for this interval (6.0 x 10~ -3 cm/s) may not be accurate, and should be retested. The
highest hydraulic conductivities in CH-7A, 1072 and 1073 cm/s, were observed in the
124-131-ft and 117-124-ft intervals respectively.

Groundwater samples were collected from two of the packer test intervals: 84 to 91 and
70 to 77 ft BGS. Results of analyses of these samples for radiological and nonradiological
parameters are shown in Table 6.35. Gross beta and tritium activities slightly above maximum
reference levels were observed in the 84-91-ft interval. Gross alpha and gross beta activities
elevated slightly above maximum reference levels were detected in the sample from 70 to
77 ft. Concentrations of VOCs (tetrachloroethene, TCE, chloroform, and toluenc) above:
manmum reference levels were also measured.

TA thtbay multi-port system will be installed in this core hole in order to isolate multiple
zones and characterize groundwater flow/contaminant migration pathways in Unit D.
Measurements of piezometric head, aquifer tests to estimate hydraulic conductivities, and
collection of samples for analyses of radiological and VOC contamination will be performed
in the isolated zones. Packer intervals which should be constructed and reasons for nsolaxmg
these intervals are as follows:-

e 45 to 55 ft BGS because this depth range contains the fractured zone with active
-groundwater flow at 49 to 51 ft BGS identified on geophysical logs; -

e 85 to 95 ft BGS because this zone includes the cavity encountered while drilling at 90 ft,
the fractured interval with active groundwater flow detected at 89 to 90 ft BGS on
geophysical logs, and the sample interval which exhibited low levels of radiological and
VOC contamination; o

e 116 to 131 ft BGS because this range comprises the two packer test intervals which had
the highest estimated hydraulic conductivity values in CH-7A.

6.4.10.6 Mercury contamination of soil

Four sites in the southeastern part of WAG 1 (Fig. 6.12) have been grouped into a
Mercury Spill Soils OU: Building 4501, Building 4508, an area beneath the roadway just south
of Building 3503, and an area immediately to the south of Building 3592.

In 1954, ton quantities of mercury were used in Building 4501 for about 6 months to
operate a small pilot plant for lithium separation (OREX process). During these operations,
spills occurred that were cleaned up; but some mercury was able to escape through cracks in
the concrete floor and contaminate soil under the building. Soil samples collected in 1983
from locations around the building had mercury concentrations ranging from 0.05 to 465 ppm
(ORNL 1990). In 1991, soil samples were collected from four soil borings which were
advanced under Building 4501. Concentrations of mercury in these samples ranged up to
12,600 ug/kg in the sample from 2 to 4 ft BGS in SB203. Elevated concentrations of mercury
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Elevated concentrations of mercury ranging up to 16.7 ug/L were also detected in water
samples collected from four sumps in the building in 1990. Mercury was not detected in
groundwater samples from downgradient piezometers (618, 623, and 626) or core hole CH-4.
Therefore, it appears that groundwater contaminated with mercury from the Building 4501
spills is being captured by the building sumps and treated in the PWTP. The sumps will be
monitored twice yearly for mercury concentrations.

Research activities in Building 4508 are reported to have used <100 Ib of mercury;
however, there have been no reports of spills (ORNL 1990). Mercury was not detected in soil
samples from four soil borings around Building 4508, nor in a water sample collected from
the building sump. A mercury concentration of 0.33 ug/L was detected in a groundwater
- sample collected from well 824, located south of the building, in March 1991. This
concentration is slightly above the maximum reference level of 0.20 ug/L, but well below the
MCL of 2.0 ug/L. The source of the mercury found in well 824 may or may not be soils under
- Buildings 4508 or 4501, and this well will be monitored twice yearly for mercury.

- During the 1950s and early 1960s, substantial quantities of mercury were used in Building
3503 in the spent fuel reprocessing program known as PUREX. No information is available
on the amount of possible losses of mercury during these operations. Mercury concentrations
reported from analyses of soil samples collected from various locations around Building 3503
in 1983 ranged from 0.8 to 25 ppm (ORNL 1990). The contaminated soils are located just
south of the building. A relatively low mercury concentration of 560 ug/kg was observed in
the soil sample collected from the 4-6-ft depth interval in SB173. Mercury was not found in
groundwater samples from piezometer 601 or wells 879 and 881, located hydraulically
. downgradient of Building 3503. Water is currently being pumped from tank sumps in the

thorium tank farm south of Building 3503 and treated in the PWTP. Groundwater which may -

be contaminated with mercury in this area is probably being captured and treated by this
system. In addition, relatively high activities of gross alpha (2839 pCi/g) and gross beta
(2996 pCi/g) were found in the soil sample from 2 to 3.3 ft BGS in SB174. Because of the

low levels of mercury found in soils, the presence of radiological contamination in the area,

and the likelihood that contaminated groundwater is being captured and treated in the
PWTP, additional exploration or remedial activities for mercury contamination of soils in this
area will not be performed. Samples collected from piezometer 601 as part of monitoring for
radiological contamination (see Sect. 6.4.10.9) should be analyzed for the presence of
~mercury.

In 1956, work was carried out in Building 3592 in support of the lithium separation
project in Building 4501 during which approximately 60,000 Ib of mercury were used. Accurate
estimates of the amount of mercury lost during these operations are not available; however,
operating personnel reported that about 2000 to 3000 Ib were iost to spills and leaks.
Analyses of soil samples taken from various locations around Building 3592 in 1983 showed
mercury concentrations ranging from 4.1 to 320 ppm (ORNL 1990). Table 6.36 summarizes
analyses of soil samples for mercury from SB175 and SB176. Concentrations of mercury
exceeded the RCRA action level of 20,000 ug/kg in the 1-2-ft and 2—4-ft samples from
SB175. Elemental mercury was visible in the soil from 2 to 3.25 ft BGS during sampling of
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SB175. Concentrations of mercury observed in samples from SB176 did not exceed the RCRA
. action level.

Actions that will be performed at this site include:

e  hand-augering of soil borings and collection of soil samples to ascertain the extent of
mercury contamination of soils;

e installation of a piezometer and collection of groundwater samples to determine whether
groundwater in the area is contaminated with mercury;

¢ if groundwater is contaminated with mercury, the contammatcd soils will be hydraulically
isolated (e.g,, by repaving the area) to prevent further movement of mercury from the
soil into groundwater. ‘

; Given the relatively small volume of contaminated soil, consideration should also be given
to excavating and disposing of mercury-contaminated soil south of Building 3592 in order to
prevent future groundwater contamination. However, complicating factors may be the
presence of a process waste pipeline and low levels of radiological contamination of soils in
the potential excavation area (see Table 6.36).

6.4.10.7 Piezometer 553 .
Piezometer 553 (Fig. 6.11) is located near the southwest corner of the steam plant

(Building 2519) adjacent to a diesel UST which has been removed since sampling. Table 6.37

.is a summary of radiological and nonradiological contaminants detected in groundwater
samples from piezometer 553. Gross alpha, gross beta, and tritium activities which were
elevated slightly above maximum reference levels were observed in groundwater samples from
this well. The metals beryllium, cadmium, chromium, cobalt, nickel, silver, and vanadium were
found in the low base sample at the highest concentrations in WAG 1 groundwater.” A
possible source of these metals is fallout from atmospheric emissions from coal combustion
at the steam plant. The VOCs benzene, toluene, ethylbenzene, and xylenes (BTEX) were also
observed at the highest concentrations in WAG 1. These aromatic VOCs may be evxdenoe
of a release from the nearby diesel UST. :

A groundwater sample will be collected during high and low base conditions from this
well and analyzed for metals, BTEX, and total petroleum hydrocarbons.

6.4.10.8 Area northwest of WAG 1 boundary

This area comprises the northem 2000 part of the Laboratory (see Fig. 6.11). Elevated
gross alpha, gross beta, and tritium activities were detected in low base and high base samples
collected from wells in this area in 1990 and 1991 (Table 6.38). Alpha-emitting radionuclides
detected above maximum reference levels were 232952 Ty and 2928U; beta-emitting
radionuclides observed above maximum reference levels were 25?%Ra and total radioactive
strontium. In general, activities of these radionuclides were higher in the high base samples
than in the low base samples.
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Nonradiological contaminants detected above maximum reference levels included
beryllium, chromium, cobalt, copper, lead, mercury, nickel, silver, vanadium, TCE, and toluene
(see Table 6.39). Metals detected above their respective MCLs were beryllium in wells 538,
546, 549, and 572; chromium and lead in well 538; chromium and nickel in well 549; and lead
in well 587. TCE was detected above its MCL of 5 ug/L in the well 546 high base sample.

Samples will be collected from wells 538, 549, 572, and 547 during high base storm
conditions and analyzed for radiological parameters, metals, and VOCs.

6.4.10.9 Piezometer 601

Piezometer 601 is located in the south-central portion of the WAG, about 50 ft south
. of Building 3537 (see Fig. 6.11). During drilling of the borehole for this piezometer, a 3-in.
PVC underground pipeline originating in the TH-3 tank sump was broken, allowing
radiologically contaminated water to come to the surface. About 2 weeks after it was broken,
the pipeline was repaired and contaminated soil was excavated and disposed of.

Radiological contamination detected in groundwater samples collected from piezometer
601 is summarized in Table 6.40. Gross alpha, gross beta, and tritium activities above

- maximum reference levels were detected in the low base sample; elevated gross alpha and

gross beta activities were detected in the high base sample. This groundwater contamination
may be due to the release of contaminated water from the broken pipeline or it may have a
source elsewhere in WAG 1. A groundwater sample will be collected twice yearly from this
“piezometer and analyzed for gross alpha, gross beta, tritium, and mercury (see Sect. 6.4.10.6).

. 6.4.11 Tracers

One anticipated byproduct of the additional data obtained as part of this work plan is
further definition of areas of contamination and better insight into groundwater flow paths,
especially in cavitose Unit D but also in other locations. These flow paths could be major
transmitters of contamination over wide areas in WAG 1. If the data provide the anticipated
insight, it is feasible that dye tracing may be performed to further define areas of
contamination, describe flow paths, identify source areas, and distinguish between suspected
commingling plumes. In addition to a description of flow pathways, dye tracing data could
provide estimates of flow velocity and contaminant flux. At present, tracers are anticipated
to be dyes, but decisions about the choice of tracers will be made in conjunction with
decisions to perform the test(s). Dye tracing may also be performed in other locations in
WAG 1 (e.g., the impoundments or tank farms) to support remediation option selection
decision making and reduce uncertainty.

6.5 MONITORING

This section describes the monitoring and sampling program that will be performed at
existing wells, piezometers, and core holes to more fully understand the nature and extent of
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1. PURPOSE

This action memorandum documents approval for a Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA) non-time~critical removal action.
The action is being taken to reduce the release of *Sr into First Creek from the Oak Ridge
National Laboratory (ORNL) Waste Area Grouping (WAG) 1 Corehole 8 Plume. as measured
at White Oak Dam.

2. SITE CONDITION AND BACKGROUND

2.1 SITE DESCRIPTION
2.1.1 Physical Location

ORNL is located on the U.S. Department of Energy (DOE) Oak Ridge Reservation (ORR)
in East Tennessee at the Anderson and Roane County lines, approximately 24 km (15 miles) west
of Knoxville, Tennessee, and 16 km (10 miles) southwest of the city of Oak Ridge (Fig. 1).

ORNL consists of buildings and operation areas which are restricted to public access
except for designated public access and visitors areas. The ORNL main plant is set apart by a
security fence that surrounds the buildings and adjacent land. A portion of ORNL, generally in
the western end of the main plant area, but extending beyond the security fence in the west.and
southwest directions, is designated as WAG 1. The western boundary of WAG 1 approximates
the stream bed for First Creek. It begins near the western entrance into the ORNL main plant
at Central Avenue (Portal 3) to the confluence of First Creek with White Oak Creek (Fig. 2).

The headwaters of First Creek, a tributary to White Oak Creek, originate within ORR.
First Creek flows southward and parallel with the western ORNL security fence. Potential
contaminants entering First Creek would flow into White Oak Creek and then across White Oak

* Dam to the Clinch River. White Oak Dam was constructed across White Oak Creek and is

located adjacent to where State Highway 95 crosses White Oak Creek (Fig. 1).

Bounding ORNL-managed areas south and southwest of the main piant is the Clinch
River. Across the river from ORNL is private rural land used primarily for farming. Areas
within ORR not occupied by the ORNL main plant and the two other DOE facilities have been
declared a wildlife management area by DOE and the Tennessee Wildlife Resources Agency.

FT941004.2 i 1 November 7, 1984
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WAG 1, White Oak Creek. and White Oak Lake lie within the restricted areas of ORNL.
thus restricting public access to the potentially contaminated areas. All but the contaminant-free

headwaters of First Creek are within the restricted area surrounding the main plant.

2.1.2 Removal Site Evaluation

The WAG 2 remedial investigation of White Oak Creek surface water contaminant source
areas identified First Creek as a contributor of approximately 10 percent of the *Sr being
transported by White Oak Creek to White Oak Dam. Results from 1991 sampling activities in
First Creek indicated that almost all of the ®Sr detected in First Creek emerges in the area of
Outfalls 341 and 342. Using the 1991 sampling results, along with results from sampling
activities in July 1994, influxes of contaminated groundwater into the storm sewers associated
with these two First Creek outfalls were identified. The *0Sr-contaminated groundwater
originates from a plume in an area north of the storm sewers. A break ina portion of the storm
sewers that extends into the area of the plume will permit contaminated groundwater into the
storm sewers and into First Creek via Outfalls 341 and 342.

A video camera examination of the storm sewer pipes in the system associated with Qutfall
342 located an influx of groundwater. The influx was observed near the intersection of pipes
from the two stormwater inlets. No other significant influx of water into the storm sewer was
observed; there was a small trickle of water in the storm sewer flowing from the north branch.
The flow rate for the contaminated groundwater was measured during the July 19, 1994,
sampling. Contaminated groundwater flowing from the storm sewer pipe where influx was
observed (sampling location SW 30) was measured at 11 L/min (3 gal/min). Outfall 342 (SW
28) had similar flow rates. The reported concentration of gross beta during the July 1994
sampling in the storm sewer and at Qutfall 342 was between 7,100 and 8,000 pCi/L (Table 1).

Contaminated groundwater influx into the storm sewer associated with Outfall 341 occurs
in two stormwater inlets north of Building 2013. The contaminated groundwater influx into the
stormwater inlet located immediately outside the north exiting door in the west end of Building
2013 (SW 24) was estimated July 5-6, 1994, as approximately 23 L/min (6 gal/min). In the
stormwater inlet approximately 8 m (26 ft) southeast of the same north exiting door from the west
end of Building 2013, the contaminated groundwater influx was estimated at about 4 L/min (1
gal/min). The concentration of gross beta in the groundwater influx at these locations has been
measured as being between 7,290 and 9,200 pCi/L (Table 1).

FTO41004.2 . 4 November 7, 1994
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Seep SE of SW 27 :
Manhole NE of SW 33 270

Catch Basin NE of SW 18 270
Catch Basin NE of SW 24 14.3
Catch Basin SE of SW 24 7.830
SwW 24 7,290
SW 25 NS
SW 26 NS
Sw 27 NS
Sw 28 2,700
SW 29 _ © 7,020
SwW 30 NS
Sw 31 NS
SW 32 NS
Sw 33 8,370
SW 34 64.8
SW 35 NS
SW 36 3.8
SwW 37 , 267.3
Sw 38 NS
SW 39 " NS
SW 40 ' NS
SW 41 NS
SW 42 NS

Sw 43 NS

NS NS NS
NS NS NS
NS NS NS
NS NS NS
23 9,200 9
23 9,200 9
<0.4 330 <0.01
0.4 7,700 0.1
76 7.100 23
133 8,300 48
15 8,000 5
90 540 2
< 0.4 380 <0.01
23 3,800 4
38 9,200 5
95 250 I
53 150 0.3
2.6 1,000 0.1
0.08 900 0.00
NS NS NS
NS NS NS
NS NS NS
NS NS NS
NS NS NS

“Discharge rates were not determined during 1991, so flux estimates are not available.
*Value represents the highest activity from each location, regardless if filtered, unfiltered, or duplicate.

‘Calculations are based on 30 days per month.

L = liter

mCi = millicurie
min = minute ’
NE = northeast
NS = not sampled

S e RS S W

ORNL = Oak Ridge National Laboratory
pCi = picocurie :

SE = southeast

WAG = Waste Area Grouping
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2.1.3 Site Characteristics

Monitoring Wells 539 and 812, located approximately 40 m (132 ft) north of Central
Avenue near the west security fence (Fig. 2). are screened below the weathered bedrock surface.
Groundwater samples from these wells have consistently shown %St levels of 4,000-8.000 pCi/L.
The ®Sr contamination detected at these wells and the contamination detected in the storm sewer
groundwater influx indicate the presence of a groundwater plume. However, because of the lack
of pertinent data, characterization and source location of the suspected ®Sr plume in the
groundwater between the wells and the storm sewers is not possible at this time. Conceptually
the source of this ®Sr plume has been projected to be about 10 m (33 f1) north of Corehole 8.
Projections from geological and hydrogeologic understanding of the site indicate contaminated
water moves downgradient along strike in a westerly direction toward First Creek. Support for
this hypothesis is based on the detection of 585,495 pCi of ®Sr in groundwater at a depth of
approximately 15 m (50 ft) during the installation of Corehole 8 in 1991. The contaminated
groundwater in the stratum is thought to move up dip to the top of bedrock surface. Monitoring
Wells 539 and 812, located down strike of the stratum transporting the ®¥Sr, may be some of the
receptor points for the ®Sr-contaminated groundwater. For this reason, the groundwater plume
located approximately 35-50 m (115-165 ft) north of Central Avenue and between First Street
and Second Street, and possibly as far east as Third Street, has been named the Corehole 8
Plume.

The probable source of contaminated groundwater influx into the storm sewers associated
with Qutfalls 341 and 342 is the Corehole 8 Plume. Reaches of the two storm sewer systems
associated with Qutfalls 341 and 342 extend into areas where the contaminated groundwater
associated with the Corehole 8 Plume may come in contact with stormwater inlets, manholes, and
storm sewer pipes. Where an inlet, manhole, and/or pipe is not watertight, contaminated
groundwater enters the storm sewer. Based on 9 months of observation, influx of contaminated

groundwater into the storm sewers is continuous.

2.1.4-! Release or "I'hreatened Release of Contaminants

The primary contaminant of concern released into First Creek and detected at White Oak

" Dam is %Sr, a CERCLA hazardous substance. Monthly sampling results from the First Creek

Gauging Station indicated the ®Sr flux ranges from a low of 5.7 mCi/month to a high of 52
mCi/month. The resulis extrapolated from the July 19, 1994, First Creek and storm sewers
sampling indicate a *Sr flux of 21 mCi/month, which is consistent with the monthly sampling
results. Data from the WAG 2 remedial investigations indicate that First Creek contributes
approximately 10 percent of the total *Sr flux detected at White Oak Dam.

JT1004.2 ) 6 November 7, 1994
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5. PROPOSED ACTION AND ESTIMATED COSTS

The action to intercept and remove ®Sr-contaminated groundwater from the storm sewers
associated with Outfalls 341 and 342 will reduce the ¥Sr-contaminated water reaching First Creek
by an estimated 20-50 percent. First Creek contributes approximately 10 percent of the ®Sr
detected in the water at White Oak Dam. The reduction of ®Sr in the storm sewers will
correspondingly reduce the amount of ®Sr detected at White Oak Dam by an estimated 2-3
percent. This action will reduce the risk to human health, welfare, and the environment until
additional and/or permanent actions to eliminate the source of contaminants are taken.

5.1 PROPOSED ACTION

Three alternatives were identified to reduce the amount of ®Sr reaching First Creek via
the stormn sewers asSociated with Qutfalls 341 and 342 (Jacobs 1994). Alternative | planned to
stop *Sr-contaminated groundwater from entering First Creek by lining the storm sewers anc
making them watertight, thus keeping contamination out of the storm sewers and eliminating th¢
pathway between the Corehole 8 Plume and First Creek. Aliernative 2 planned to collect all th:
water, stormwater, and contaminated groundwater in the two storm sewer systEr;as, thu
eliminating the storm sewers as a pathway to the creek for all collected water. Alternative 3 wa
selected to intercept contaminated groundwater as it enters the storm sewers from the Coreho!
8 Plume and prevent it from entering First Creek.

Alternative 3 proposes to use the Process Waste Treatment Plant (PWTP) for removal of
the ®Sr contamination from the water collected from the storm sewers by this action. The PWTP
removes low concentrations of radionuclides, including ®Sr, to concentrations in the effluence
to less than 20 Bg/L. The discharge requirements for the PWTP effluent meet DOE Order
5400.5 requirements. The effectiveness of the PWTP in removing %St from water collected by
the Corehole 8 Removal Action is greater than 90 percent. The selection of PWTP was made
because of its effectiveness and its availability and cost. Treatment of the contaminated
groﬁndwater collected by this removal action will not be charged against the costs of this project.

' This is reflected in the proposed costs presented in Appendix A and Section 7.3 of the EE/CA

(Jacobs 1994). The EE/CA stated that the National Pollutant Discharge Elimination System
(NPDES) permit is for the PWTP; however, the permit is actually for the Nonradiological
Wastewater Treatment Plant (NRWTP) which receives and treats the discharge from the PWTP.

JT941004.2 ' ' 10 November 7, 1964
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Regardkess of whether or not the Corehole 8 plume ‘is entering the storm sewer svstem. it is a
known pathway of contaminants in WAG | groundwater. The concerns with the Corehole §
plume should be addressed as quickly as possible either through this removal action or the
WAG 1 Groundwater Program.

Response:

Section 4.4.3 refers to sarnpiiné, necessary for evaluating the placement of a French drain
somewhere in the Corehole 8 Plume area. Initial action to intercept contaminated groundwaér
from entering the First Creek via the storm sewers will begin during the first quarter of FY 1995.
as documented in this Action Memorandum, and should begin operation during the second quarter
FY 1995. Monitoring the effectiveness of the initial action will take place during the third
quarter of FY 1995. Sampling in the Corehole 8 Plume will occur in the third quarter of FY
1995, if it is deemed necessary. The only reason for sampling in the Corehole 8 Plume area is
to collect data to determine the effectiveness, implementability, and cost of installing a French
drain. If the initial action, as presented in this Action Memorandum, is sufficient, and no follow-
up action is necessary, sampling in the Corehole 8 Plume will not be necessary because the
purpose of the removal action will have been accomplished.

11. REFERENCES

Jacobs (Jacobs Environmental Restoration Team). 1994. Engineering Evaluation/Cost Analysis
for the Waste Area Grouping 1 Corehole 8 Plume Removal Action at the Oak Ridge
National Laboratory, Oak Ridge, Tennessee (DOE/OR/02-1303&D2).

TT941004.2 : 27 November 7, 1994

1000073




000074



5. CONTAMINANT FATE AND TRANSPORT

This section describes the analysis of fate and transport of contaminants in WAG 1; the
analysis, essentially qualitative, is not directed at determining exposure point contaminant
concentrations. Calculations in this section are not calibrated to specific sources or receptors.
The purpose of this section is to provide general information on the fate and transport process
at WAG 1, which will form the basis for more detailed, operable unit-specific evaluations
to be completed during future investigations. Fate and transport are addressed for all
environmental media except air, which was not assessed as part of this investigation. Fate
and transport of contaminants via the food chain is also not addressed.

Fate and transport of a contaminant in an environmental medium are governed by the
physical, chemical, and biological characteristics of the contaminant and the environmental
medium with which it interacts. In addition, transport is governed by environmental factors
including meteorology, hydrology, and geology.

Analysis of the fate and transport of contaminants requires consideration of
" transformation, transport, and speciation processes. This section considers these processes
generally, using both literature-based and site-specific data. For example, the effect of
speciation processes on the mobility: of metals and radionuclides is addressed through
distribution coefficients having values based on the physical and chemical characteristics of
the contaminated media. Similarly, biochemical transformation processes, which are
especially important for organics, are.complex and site-specific; any description of
biotransformation processes is generalized for the WAG 1 site. Transformation of
radionuclides through radioactive decay is generally well understood. Phase I of the RI did
not include numerical modeling of groundwater flow and contaminant transport in WAG 1.

- Section 5.1 describes the relevant physical, chemical, and biological characteristics of
the contaminants and the environmental media. Section 5.2 uses information on the physical
characteristics of WAG 1 (given in Sect. 3) to develop a site conceptual model for the
analysis of fate and transport. Section 5.3 integrates information on the physical
characteristics of WAG 1 with the information on the nature and extent of contamination
described in Sect. 4 to perform the fate and transport analysis within the conceptual
framework developed in Sect. 5.2.

5.1 CHARACTERISTICS OF CONTAMINANTS AND ENVIRONMENTAL MEDIA
5.1.1 Contaminants

WAG 1 is a mixed-waste site with both radiological and chemical contaminants present
in the various media; however, radiological contamination is dominant.

R:\WAGIS@\SECTS.WG! 5‘1
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5.1.1.1 Radiological contaminants

Radiological contaminants of potential concern for WAG 1 are listed with their half-lives
in Table 5.1.1. The list includes fission and activation products and daughter products of the
plutonium-241, uranium-238, and thorium-232 series.

The properties of radionuclides most relevant to their fate and transport are their half-
lives and their mobility in water. Half-lives are radionuclide-specific and can be obtained
from literature. The mobility of radionuclides is influenced by such site-specific factors as
the particular chemical form of the radionuclide, the geochemistry of the waters in which the
radionuclide is transported, and the mineralogic composition and texture of the solid medium
with which the transporting water comes in contact. These factors are incorporated into the
distribution coefficient (K,), which is a bulk measure of the mobility of the solute. A high
distribution coefficient indicates low mobility, and a low distribution coefficient indicates high
mobility. The two most important parameters that influence the distribution coefficient are
the soil/rock type and the pH of the transporting water.

Table 5.1.2 lists distribution coefficients of radionuclides. Values for cesium, cobalt,
radium, strontium, and technetium in soils are based on laboratory measurements for soil
samples from three WAG 1 soil borings. Section A.5 of Appendix A describes the locations
and the methodologies used to derive the estimates. ' Typical values not specific to WAG 1
are also listed for various soil and rock types. The large variation in K, values illustrates the
sensitivity of the values to local site characteristics, including pH and soil type. For
example, the values for cesium in soil at WAG 1 range from 330 to 1429. These variations
introduce a high degree of uncertainty to estimates of subsurface contaminant transport
velocities in addition to uncertainties associated with the complex hydrogeology of the site.

5.1.1.2 Metals

Metals of potential concern found in WAG 1 are listed in Table 5.1.3, as are typical
distribution coefficients. Mobility and sorption of metals in groundwater depend on the
aqueous and solid matrix chemistry in a very complex manner. Heavy metals such as
mercury are generally strongly retained by the soil material, so leaching is often negligible.
As mentioned earlier, mobility and sorption characteristics of metals are expressed here in
terms of distribution coefficients. \

5.1.1.3 Organic contaminants

Table 5.1.4 lists organic contaminants of potential concern found in WAG 1 and five
chemical properties of each that are important for fate and transport: water solubility, vapor
pressure, Henry’s law constant, organic carbon partition coefficient (K,.), and persistence in
various media. The first eight organics listed, all BNAEs, are distinguished by their low
water solubility and high K_; they tend to remain fixed in soils. The last 11 organics in the
table are all volatiles distinguished by their high solubility in water and relatively low K;
these have been detected in some groundwater and surface water samples (see Sect. 4).
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Organics biodegrade to varying degrees both in soil and water in the presence of certain
microbial populations. Abiotic transformations caused by hydrolysis and photolysis can also
- be important, and transformed products are often more mobile and toxic than their parent
materials. A notable example of an organic found in groundwater of WAG 1 that
biodegrades to more toxic products is trichloroethylene (TCE); the microbial degradation
chain of TCE is depicted in Fig. 5.1.1.

5.1.2 Environmental Media

A typical pathway of a contaminant from its source to an exposure point involves one
or more of the following media: vadose zone (soil/saprolite), groundwater, surface water,
and sediments. Characteristics of these media are detailed in Sect. 3. Characteristics
relevant to contaminant fate and transport are summarized in this section.

5.1.2.1 Vadose zone

South of Central Avenue, the vadose zone is generally within the regolith, but north of
Central Avenue, it includes weathered and fresh rock. The thickness of the vadose zone
decreases from topographic highs to topographic lows at groundwater discharge areas. The
vadose zone thickness in WAG 1 ranges from 0 to approximately 60 ft. At any vertical
section it varies with water table fluctuations, which are more than 13 ft in the northern
(recharge) portion of the WAG.

The physical properties of the vadose zone that influence the movement of water are
saturated hydraulic conductivity; total and effective porosities; moisture content; and
characteristic curves relating hydraulic conductivity and moisture content to the pressure
head. Transport of particle-reactive contaminants is influenced by pH, cation exchange
capacity, and total organic content of the vadose zone medium. While most of these
parameters were not measured specifically for WAG 1 during this phase of the RI,
approximate values can be assigned on the basis of the soil type and properties and the results
of previous mvesngauons conducted in and around ORNL.

The total porosity of the vadose zone is probably in the range of 0.3-0.7, typical of
clay-rich soils (Freeze and Cherry 1979). The effective porosity, however, may be
considerably less, on the order of 10? to 10”* (Moore 1989; Solornon et al, 1989). Saturated
hydraulic conductivity is probably on the order of 10 to 10 m/day (Moore 1989).

WAG 1 soils are generally strongly leached, often acidic, and low in organic content.
TOC is probably on the order of 0.01-0.1%, and the CEC is between 10 and 50 meq/100
g of soil (see Sect. 3.2). The pH is in the 4.5-8.2 range (Boegly et al. 1987). The higher
pH is associated with Gladeville clay series, one of the two principal clay series found in the
ORNL complex. Col egedale, the other principal clay series, has pH ranging from 4.5 to
5.5.

Significant portions of the vadose zone have been excavated and backfilled occasionally

in connection with construction activities. Materials used in the backfill and their degree of
compaction generally differ from the native soil and can alter the flow characteristics of the
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disturbed zone. Hydrologic properties of the vadose zone reported by Moore (1989) are
applicable to the entire ORR, including undisturbed areas. Values within WAG 1 may vary
from these estimates. However, in preliminary tests in the pipeline trench backfills,
hydraulic conductivity was not found to be significantly different from the native soil (see
Sect. 3.3).

5.1.2.2 Groundwater

Groundwater flow in WAG 1 occurs in two distinct hydrogeologic regions. The upper
region is in the regolith, where flow directions are controlled by hydraulic gradients; this
is also the region where man-made influences are the most pronounced. The lower region
is in the fractured bedrock, where flow directions are chiefly controlled by the geologic
structure of the rock. Much of this flow tends to be along fractures (see Sect. 3.3.4).

Geochemically, an upper flow region that includes both regolith and fractured bedrock
is characterized by waters rich in calcium bicarbonate. This is underlain by a transition zone
characterized by waters rich in sodium bicarbonate. A deeper third region is characterized
by waters rich in sodium chloride without circulation. The combined thickness of the upper
two regions, where there is groundwater circulation, is approximately 150 ft. Limited head
data from coreholes in recharge areas suggest that local groundwater recharge affects only
the upper 50 ft of the saturated aquifer (see Sect. 3.3).

The groundwater flow regime in WAG 1 is controlied by the presence of three discharge
boundaries—First Creek to the west, Fifth Creek to the east, and WOC to the south—as well
as a recharge area to the north. It is believed that most of the flowing groundwater ends up
in one of the three creeks. It is possible that some groundwater may remain strata-bound and
flow under the creek beds. However, based on evidence available to date, it is assumed that
all groundwater discharges into the WOC drainage system.

Groundwater flow is governed by the saturated hydraulic conductivity, direction and
magnitude of the hydraulic gradient, orientation of fracture zone or solution features, and
effective porosity. Mobility of particle-reactive contaminants in groundwater is influenced
by aqueous and solid-matrix chemistry. As discussed in Sects. 5.1.1.1 and 5.1.1.2, sorption
and mobility characteristics of metals and radionuclides are expressed in terms of distribution
coefficients. Transport is also influenced by the bulk density of the solid matrix and total
and effective porosities (or primary and secondary porosities for fractured rocks).

Saturated hydraulic condictivity. Measurements of hydraulic conductivity in the
various mappable units of the shallow bedrock revealed considerable variation, though an
overall trend of decreasing conductivities with depth could be discerned (see Sect. 3). On
average, there is little difference between the hydraulic conductivity of the overburden
material and that of the bedrock aquifer. The mean hydraulic conductivity for overburden
and bedrock is about 4 X 10 cm/s.

Hydraulic gradients. Horizontal hydraulic gradients in the overburden shallow bedrock

as estimated from water table contour maps.range from about 0.01 to 0.1. Vertical hydraulic
gradients, based on head measurements in the coreholes, are generally steeper and upward;
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gradients are downward in the recharge areas. . The steepest vertical hydraulic gradient
(approximately 0.15 upward) was observed in CHOO1.

Total and effective porosities. No measurements of total and effective porosities have
been made for the WAG 1 aquifer. In fractured rock, storativity is commonly assumed to
be equal to effective porosity (Moore 1988). Moore (1988) estimates a mean effective
porosity of 0.0025 for the shallow aquifer in the ORNL area. Solomon et al. (1989),
however, have used a value of 1.8% for effective porosity. The total porosity would be
much higher, probably between 0.3 and 0.5.

5.1.2.3 Surface water and sediments

The physical properties of surface water relevant to fate and transport are flow discharge
and velocities, lateral and vertical extent of flow, and the amount of suspended sediment
present. Lateral and vertical extent of flow are important factors for large streams where
mixing of contaminants can be confined to a portion of the total flow cross section. WAG 1
streams are small, however, and total mixing of contaminants in the entire flow cross section
can be reasonably assumed.

Flows in First Creek are generally less than 1 cfs at gauging station SW-7 and only
about 0.1 cfs when the groundwater is low (see Sect. 3.4). At station SW-4 in Fifth Creek,
calculated base flows ranged from about 0.5 to 3.0 cfs during the RI. At WOC station
SW-6, base flows during the RI ranged from about 6 to 9.5 ¢fs. An approximately 5-year
record (from April 17, 1985, to December 8, 1990) of flows at SW-6 shows the median flow
to be about 7 cfs. A significant fraction, especially during low flows, of WOC flows is
imported water from the DOE water treatment plant, supplied at an average rate of
approximately 6.2 cfs to satisfy ORNL’s potable and process water needs. About 62% of
this water is discharged to the WOC surface water system,

Flow velocities, measured only in Fifth Creek, were generally less than 1 fps. On thc"
basis of stream size, flow velocities in First Creek are expected to be lower than in Fifth
Creek and somewhat higher in WOC. : :

-Concentrations of suspended sediment were not measured. As comparisons of cesium-
137 (a highly particle-reactive contaminant) concentrations in filtered surface water samples
with unfiltered sample concentrations demonstrate, suspended sediment can play a significant
role in transport of particle-reactive contaminants.

Beyond analyzing for contaminant concentrations, detailed physical and chemical
characterization of streambed sediments was not performed. The primary physical
characteristics are texture and organic matter content, including humic material. These
physical properties influence the affinity of sediments for all classes of contaminants. Visual
observations suggest that bed sediments have a significant proportion of coarse-textured
particles with low humic content. :

The chemical properties of sediments that affect their mobility and bioavailability include
pH, oxidation-reduction, particle mineralogy, and the amount of potentially reactive iron and
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WAG 1 WELLS SAMPLED AFTER 1992

The table below describes the wells that were sampled after 1992. The Wag perimeter wells were sampled in
four quarters beginning May 1993, July 1994, April 1995, and May 1996. The remaining wells were sampled on a
variety of dates beginning in 1993.

Wag perimeter
Wag perimeter
Wag perimeter

WELL | EASTING | NORTHING GROUND EST. NUMBER| RADS| METALS VOCS |OTHERS
ELEVATION | OF RESULTS

0535 29541.41]  22235.11 797.54 30+ Y

0538 29736.18]  22630.29 812.66 30+ Y Y Y

0539 29807.39|  22379.31 700.84 37 Y

0549 30311.39]  23013.09 856.49 30+ Y Y Y

0553 30243.72 21584.37 797.36 30+ Y Y Y

0555 30472.94] 22652.17 854.74 30+ Y

0563 30615.41 21899.82 ~809.48 4 Y

0564 30459.19 21836.37 809.16 30+ Y

0566 30625.08 2175547 805.93 6 Y

0567 30419.37 21700.2 803.15 8 Y

0571 3051525]  20920.68 781.8 30+ Y

0581 31115.05 22689.91 859.81 30+ Y Y

0583 30954.85]  22298.95 826.45 30+ Y

0584 31122.9|  22089.87 802.22 1 Y

0593 31191.49 21833.08 799.07 K] Y

0598 31358.87|  22175.01 806.2 30+ Y 7

0599 31417.95 22009.55 801.14 30+ Y Y

0600 31475.14 21719.22 793.9 30+ Y Y

0601 31503.38 21497.54 787.92 30+ Y

0614 31803.05]  22465.66 805.36 30+ Y Y

0616 31784.19]  22222.73 800.65 30+ Y

0622 31960.23|  22239.98 798.24 30+ Y

0806 29657.3 20082.9 774.94 1000+ Y Y Y Y

0807 30008.5 20909.3 774.53 1000+ Y Y Y Y

0808 30018.6 20910.2 774.5 1000+ Y Y Y Y

0809 29652.5 21142.9 776.74 1000+ Y Y Y Y

Page 1
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WAG 1 WELLS SAMPLED AFTER 1992

WELL | EASTING | NORTHING GROUND EST. NUMBER| RADS| METALS VOCS |OTHERS
: ELEVATION | OF RESULTS

0810 29539.2 21879.3 790.19 1000+ Y Y Y Y  |Wag perimeter
0811 289652.3 22002.7 791 1000+ Y Y Y Y Wag perimeter
0812 299314 22350.4 803.19 1000+ Y Y Y Y  |Wag perimeter
0813 30261.9 22615 848.86 1000+ Y Y Y Y  |Wag perimeter
0814 30999.2 22831.8 877 1000+ Y Y Y Y  |Wag perimeter
0815 31746.3 23144 823.99 1000+ Y — Y Y Y  |Wag perimeter
0816 31746.7 23134.2 823.44 1000+ Y Y Y Y  |Wag perimeter
0818 32390.3 225646 851.55 1000+ Y Y Y Y Wag perimeter
0819 32714.9 22362.4 827.83 1000+ Y Y Y Y _ |Wag perimeter
0820 32422 22341.8 807.35 1000+ Y Y Y Y  |Wag perimeter
0821 32436 22340.7 808.55 1000+ Y Y Y Y  |Wag perimeter
0822 32116.7 222628 797.58 1000+ Y Y Y Y  |Wag perimeter
0823 321418 22057.3 799 .51 30+ Y
0824 31932 213992 787.05 1000+ Y Y Y Y _ |Wag perimeter
0825 31666.2 21388.3 787.96 1000+ Y Y Y Y  |Wag perimeter
0826 31654.4 21387.3 768.07 30+ Y
0827 30813.5 21012.5 784.63 1000+ Y Y Y Y  |Wag perimeter
0828 307414] 208152 814.11 1000+ Y Y Y Y  |Wag perimeter
0829 30557.1 21026.1 775.56 1000+ Y Y Y Y Wag perimeter
0830 30659.5 21211.7 778.35 1000+ Y Y Y Y  |Wag perimeter
0873 30872.46|  21692.62 794.4 30+

0874 |  30833.78] 21464.06 782.4 30+ Y
0875 30943.46]  21473.94 7848 30+ Y
0876 31058.84|  21465.27 763.3 30+ Y
0885 30049.28]  21468.07 782.9 30+ Y )
0946 30646.76]  21091.05 777.74 1000+ Y Y Y Y  |Wag perimeter
0947 30666.93]  21061.66 778.82 1000+ Y Y Y Y  |Wag perimeter
0987 25857.89]  21650.14 857.11 30+ Y
0988 25471.29]  21075.73 910.97 30+ Y
0990 2472362 21657.34 853.91 30+ Y
0991 25051.49] 21736.64 854.79 30+ Y
0992 25069.69 21737.04 854.54 30+ Y
0993 25619.08]  21884.35 840.39 30+ Y
0994 25639.92]  21895.03 840.41 30+ Y

Page 2
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WAG 1 WELLS SAMPLED AFTER 1992

—WELL | EASTING | NORTHING GROUND EST. NUMBER| RADS| METALS VOCS | OTHERS|
| ELEVATION | OF RESULTS
0996 26458.18]  21920.17 830.31 30+ Y
0997 26461.5] 21911.04 830.24 30+ Y
1102 31141.45]  21180.43 783 50+ Y
1103 31009.21 21180.33 ~ 7822 50+ Y
1104 30970.03]  21281.89 780.8 50+ Y
4005 30659.35]  22211.96 815.9 50+ Y
Page 3
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3.5 CONCEPTUAL MODEL

The WAG 1 groundwater flow conceptual model is that the WAG is the groundwater
discharge area for the Knox Group aquifer underlying the adjacent Chestnut Ridge recharge
area. The maintenance of elevated hydraulic head in Units C and D, despite the presence of
cavities in those units, is considered to reflect hydraulic influences from the Knox which are
transmitted through the relatively impermeable Units A and B. Local recharge occurs on the
WAG 1 hilltop area underlain by Units C and D where the water table is generally beneath
bedrock. Perched water develops seasonally but apparently infiltrates rapidly to the water
table. Groundwater elevation is perennially above bedrock in Units E and G, and fluctuation

000193



000200



3-15

below bedrock is not observed. Presumably because of its comparatively greater clastic
content that adjacent units, Unit F bedrock is perennially above the water table which may
partially explain apparent strike-parallel flow near Unit F.

The groundwater system is thus envisioned to contain local recharge on the hilltop area
which discharges through the overlying geologic units to surface water. Seasonal water table
rise is a system-wide, piston-like response to precipitation. Throughout much of the WAG,
significant amounts of discharging groundwater are intercepted by the extensive underground
process waste pipeline and liquid waste tank storage network which is then sent to the PWTP
for treatment. '

The greatest flux of contaminants through groundwater to this network occurs during
periods of elevated water table in response to precipitation. It is partly because of this
network that contaminated WAG 1 groundwater is generally not detected in adjacent surface
water bodies. The extent of surface water contamination would be anticipated to be much
greater in the absence of this network.

Although cavities are known to occur in Unit G, the influence of these cavities on flow
and transport is not known. The available data for WAG 1 Unit G bedrock piezometers
indicate no piezometers were constructed in cavities. While drilling logs indicate the presence
of fracturing in several of those piezometers, their hydraulic conductivity estimates do not
differ significantly from those without fracturing. Air rotary drilling methods used in WAG 3
piezometer installation to the west of WAG 1 would not identify cavities. However, Stueber
et al. (1981) indicate that off site migration of *Sr is along small, presumably strike-parallel
cavities in Unit G near the geologic contact with Unit F.

The occurrence of stratabound groundwater flow at WAG 1 has been described by
Ketelle and Lee (1992). Observations of stratabound flow were made in Melton Valley
(Webster 1976) and in WAG 3 (Stueber et al. 1981). Stratabound flow has also been
suggested to occur in Chestnut Ridge (Lee and Ketelle 1987), in a groundwater dye tracer
test in Bear Creek Valley (Lee et al. 1989), and by the configuration of the S-3 Pond plume
at the Y-12 plant (Geraghty and Miller 1990).

A simplified block diagram (Fig. 3.3) illustrates the basic components of the process as
it is currently envisioned. The bulk of groundwater movement is envisioned to be essentially
confined within discrete geologic strata. The direction of movement is determined by the
hydraulic gradient within the stratum from a point of observation to the nearest surface water
drainage. Comparatively minor stratum outleakage occurs with the local or site-wide hydraulic
head profile. Vertical outleakage continues until another stratum is encountered through
which stratabound flow can occur. Groundwater flow and contaminant migration is thus
envisioned to occur in a trellis-like pattern. The scale at which the trellis movement is not
resolved but simply resembles gradient-driven flow is not known but likely varies by bedrock
unit.
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Fig. 3.3. Idealized block diagram of the stratabound pathway concept.
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Stratabound flow is considered to occur most commonly in homogeneous, comparatively

thick (on the order of about 1 m), limestone strata within which laterally extensive fractures
can develop. As such, stratabound flow would not be expected to occur in thin bedded
‘(nominally up to several centimeters thick) rocks with a mixed carbonate and clastic
composition which do not contain laterally extensive fractures. Because the bulk of ORNL
facilities are underlain by thin bedded rocks of Units E and G, stratabound flow is not
considered to be the only flow and transport mechanism at WAG 1. However, strata do occur
in these units which have the potential for stratabound flow development, and that
mechanism must be considered to occur at least locally.

The underground process waste pipeline system and underground tank sumps and dry
wells remove an amount of groundwater equal to approximately one-half of all expected
runoff from an area the size of WAG 1, although this is only an estimate. The fractions of
this water derived from bedrock groundwater, shallow subsurface flow, and leaking water
supply lines are not known. However, estimates of expected recharge to the bedrock system
from infiltration are considered to be only a few inches per year. Thus, the extensive pump
and treat system that operates in WAG 1 significantly alters natural flow conditions.
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5.2 SITE CONCEPTUAL MODEL

The process of contamination of an environmental medium, in its most rudimentary
form, involves a source of contamination and a release mechanism whereby contamination
is transferred from the source to the environmental medium. Once in the environmental
medium, the contaminant can reside in it, be transported with it, or be transferred to another
medium. For WAG 1, the principal potential source-release mechamsm—-contammated
media chains are presented in Table 5.2.1.

5.2.1 Sources

Although each SWMU within WAG 1 is a potential source for the spread of
contamination in the various media, it is impractical to address them separately. Section 3.5
describes individual waste management units within WAG 1. SWMUs can be grouped
together on the basis of their proximity and similarity of contaminant inventory; Table 5.2.1
uses such groupings of sources.

The principal sources of WAG 1 contamination, both radiological and chemical, are the
inactive tanks and associated pipes and radiological impoundments and the contarninated soils
around them. The contaminant inventories of the tanks and impoundments are described in
Sect. 3.5.

Approximately 95% of the total documented radioactivity of the inactive waste
management units in WAG 1 is contained in the six large Gunite tanks in STF. The
radiological impoundments are believed to be a major source of tritium ¢ontamination of
groundwater as evidenced by very high concentrations (ranging from a few hundred thousand
to over 800,000 pCi/L) in the groundwater downgradient of them (see Sect. 4.3). The
inventory of tritium in these impoundments is not known. Impoundments are also sources
of strontium-90 contamination of groundwater.

An NPDES-permitted outfall associated with the Process Waste Treatment Plant (X07)
has been a known source of cobalt-60 and cesium-137 discharges into WOC. However,
since April 1, 1990, when the new Nonradiological Wastewater Treatment Facility began
operating, this outfall and some others have been eliminated (Energy Systems 1991). Some
contaminants (e.g., pyridine and p-dioxane) may have discharged to the WOC surface water
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system through outfalls. These contaminants are distinguished by their presence in surface
water only and have not been identified in groundwater samples (see Sects. 4.3 and 4.5).

5.2.2 Release Mechanisms

Leaks from underground tanks and associated piping and seepage from impoundments
are the primary release mechanisms responsible for contamination of the surrounding soil and
groundwater.  Infiltrating precipitation transfers soil contamination deeper, finally
contaminating groundwater, Contaminated groundwater transfers contaminants to the solid
aquifer matrix through direct contact, and, for fractured bedrock, also through slow diffusion
into the rock matrix pores. Surface water is contaminated through discharge of contaminated
groundwater. Because of the extensive network of pipeline trenches in WAG 1, some below
the groundwater table, contaminated groundwater has leaked into the outfall systems. Inthe
past, some outfall discharges, most notably X07, were significant contributors to surface
water contamnination. Release of contaminants by surface runoff is not believed to be
significant. Sediments are contaminated through direct contact with contaminated surface

water,

Some release mechanisms (e.g., those involving direct contact) are reversible, depending
on the relative concentrations of contaminants in the media involved. For example,
contaminated sediments can contaminate surface water through desorption. Such reverse
releases are usually important after some level of cleanup of one of the media has been
achieved.

Because of the deteriorating condition of some of the tanks (see Sect. 3.5), a potential
for release of contaminants exists following structural failure (e.g., collapse of a tank roof).
Contaminants could be released to the environment through suspension and transport of soil
particles in air, through volatilization and transport of volatiles in air, and through direct
radiation from radioactively contaminated sludges.

5.2.3 Transport Media \ ,

Water is the principal transport medium for contaminants in WAG 1. All contaminants
are soluble in water to varying degrees, and most are predominantly transported in dissolved
phase. For particle-reactive contaminants such as cesium-137, transport associated with
colloids and suspended sediment can-also be important.

The subsurface/surface water system is described in detail in Sects. 3.3 and 3.4 and is
summarized in Sect. 5.1.2.2. A few additional observations that have particular relevance
to transport of contaminants are presented here.

Subsurface flow in the vadose zone takes place under approximately a unit hydraulic
gradient. Using a hydraulic conductivity on the order of 0.3 ft/day (approximately equal to
the WAG 1 average saturated hydraulic conductivity of 10* cm/s) and an effective porosity
on the order of 1072, the average linear flow velocity in the vadose zone is estimated to be
on the order of 30 ft/day. This is a high velocity resulting from flow being confined to
relatively few macropores of very small overall porosities. The total porosity, however, is
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quite large, more than an order of magnitude higher than the macropore porosities. Thus,
a large, relatively immobile buffer zone exists for the contaminants from which they can flow

in and out through slow diffusion.

Most of the groundwater flow takes place in the shallow bedrock in discrete intervals
containing fractures. Strike-preferential flow resulting from flows in fractures aligned with
bedding planes can be referred to in terms of anisotropy. There is unmistakable evidence
of this anisotropy in WAG 1 aquifers, as evidenced by the observed directions of contaminant
plumes in relation to the hydraulic gradients (see Sect. 4.3).

Average linear groundwater velocities in different regions of WAG 1 were calculated for
the overburden and shallow bedrock on the basis of local hydraulic gradients and hydraulic
conductivities., An effective porosity of 1.8% was assumed in both the overburden and
shallow bedrock (Solomon 1989); the results are presented in Sect. 3.3. The velocities
ranged from 0.0042 to about 45 ft/day. The mean groundwater flow velocity in the portion
of the WAG south of Central Avenue, where most of the contaminant transport takes place,
is estimated to be between 1.3 and 1.5 ft/day. Computed velocities in this region range from
less than 0.01 ft/day to greater than 12 ft/day.

An analog of what exists in the vadose zone exists in the saturated zone, where flow
takes place predominantly in discrete rock fractures of very low overall porosities, and a
large, relatively immobile volume exists in the fine pores of the rock matrix. This sets the
stage for the well-known phenomenon of matrix diffusion of contaminants. Contaminant
transport takes place largely by advection in discrete fractures. At the same time,
contaminants are transferred from fractures to the rock matrix by slow diffusion. Matrix
diffusion retards and attenuates contaminant migration. Contaminants in the matrix are
potential sources. '

Another phenomenon that may be important for transport of particle-reactive
contaminants is transport by colloids. Contaminants attached to colloids are much more
mobile than would be expected based on their distribution-coefficient-dependent retardation
factors. Colloidal transport may be important in both the macropores of the vadose zone and
the fractures of the saturated zone. The degree to which such transport is important depends
on the colloid attachment following collisions with surfaces of macropores or fractures, or
on the so-called sticking efficiency of the surfaces (LLNL 1992). This, in turn, depends on
the electrostatic and van der Waals forces between the particles and the surface. When the
ionic strength of the solution is weak, sticking efficiencies approach zero. Even when
sticking efficiencies are low, "colloids should not be transported more than a few tens of
meters unless other processes are at work to release them™ (LLNL 1992). In large fractures
such as those found in the northern section of WAG 1, enough turbulence may exist to
release colloids from surfaces.

The active zone of groundwater flow is confined to approximately the upper 150 ft or
less of the water table aquifer. Sufficient vertical gradients near the three discharge
boundaries exist, suggesting that most contaminants in the active flow zone may discharge
to streams. However, some contaminants may flow under the stream as strata-bound flow
(see Sect. 3.3). When contaminants flow toward First or Fifth Creek, the flow appears to
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be strata-bound and is confined to certain geologic layers. However, flows toward WOC are
interstrata.

Groundwater discharging into the WOC surface water system flows off site as part of
creek base flows. Surface water is the final transport medium for contaminants that are
carried off site either in dissolved phase or bound to suspended particles.

5.3 FATE AND TRANSPORT

The ‘medium most immediately and most commonly affected by a contaminant release
from its source is soil. The nature and extent of soil contamination is described in Sect. 4.
The leachability of contaminants from soil is a good indicator of their mobility and
transferability to other media. Soil samples were selected from areas suspected of high metal
and radiological contamination and subjected to leachability (modified TCLP) analysis using
deionized water. The analytical results of this leachability test are presented in Appendix A,
Sect. A.5. Based on resuits of this analysis, all metals and radiological contaminants, with
the obvious exception of tritium, are found to be strongly held in soils (Table §.3.1).
Radioactive strontium was the only other radionuclide consistently detected in the extracts
above quantitation limits (cesium-137 was detected in two extracts). These observations are
consistent with the generally widespread occurrence of tritium and strontium in groundwater
samples (see Sect. 4). :

The relative immobility of metals and radionuclides in soils explains why, although their
concentrations in soils may be high, they remain relatively low in groundwater and surface
water. All BNAE:s listed in Table 5.1.4 are also strongly held in soils, as indicated by their
high K, values; few BNAEs have been detected in surface water. Volatile organics, on the
other hand, leach readily from soil to groundwater and, because their distribution coefficients
are generally low, are transported in groundwater relatively rapidly. When discharged into
surface water, their concentrations decrease rapidly because of loss from volatilization.

5.3.1 Groundwater
Subsurface transport of particle-reactive contaminants occurs at a velocity that depends

both on the average linear groundwater velocity and contaminant-specific distribution
coefficient. The velocity of contaminant transport is given by o

V., = .—Ef_._. = Xf
(1'* pbxd) R
(2]

where V.= velocity of contaminant transport, LT*!
V,= average linear groundwater velocity, LT
py,= bulk density of the solid matrix, ML
K = distribution coefficient, L’M™?

© = moisture content, dimensionless, and

R = retardation factor, dimensionless.
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4. POTENTIAL RECEPTORS AND EXPOSURE PATHWAYS D

4.1 INTRODUCTION

The primary purpose of a risk assessment is to provide relevant information for
environmental decision making. Risk assessment under CERCLA has two main goals: to
determine the need for action at' a site and to establish remedial goal options for
consideration in the feasibility study. The need for action is established through the process
of identifying pathways and contaminants of concern at a site and subsequently calculating risk
on the basis of a set of exposure assumptions. In the feasibility study, the primary use of a risk
assessment is to determine remedial goal options that will serve as a baseline for the amount
of risk reduction afforded by implementation of the alternatives identified by the feasibility
study if action is necessary. In order to achieve this task, reasonable land use scenarios must
be identified for the on-source and off-source components of the risk assessment.

In this section, characterization of the human and ecological populations that may be
affected by the WAG 1 Groundwater OU are considered. The receptor assessment aims to
identify those individuals or populations with a current or future potential for exposure to
contaminants originating from the site. The exposure pathway assessment identifies the routes
by which a receptor might be exposed. Assessments will be used to evaluate risk posed by
contaminants in source OUs that move through the shallow groundwater to surface water.
Pathways to be included in the assessment are ingestion, inhalation, and dermal contact of the
surface water. Risk: characterization will be conducted using data from ongoing monitoring
efforts and the WAG 1 remedial investigation. Groundwater data will be collected to
determine which source OUs are contributing to contaminants found in the surface water.
This information will also be used in an integration point assessment to prioritize the source
OUs for remedial actions. ‘

The risk assessment strategy for source OUs is designed to assist the ER program by
focusing actions on sites that are a high risk priority for either on-site or off-site exposures
and to provide adequate risk baselines for measuring the potential effectiveness of proposed
remedial alternatives. Most of any off-site public exposure to ORNL contaminants results
from surface water, which is the major transport mechanism for contaminant fluxes to off-site
feceptors. Other potential transport mechanisms (e.g, the food chain, the air pathway, and
direct groundwater transport) are not currently primary sources of off-site fluxes. The
integration point assessment is designed to actively use monitoring, surveillance, compliance,
and RI data to evaluate the off-site risk from a variety of sources that contribute to the
surface water integrator OU. The data will be used to establish a baseline for evaluating the
risk at different points within the integrators, to identify and prioritize source areas within the
context of the integrator, and to establish the degree of risk reduction a source control action
can potentially achieve. '
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Residential pathways will be evaluated for the off-source assessment of risk from the
source OUs. Selection of the off-source receptor point in the WOC floodplain at the WAG 1
boundary is consistent with what was established in the preliminary risk assessment report
(LAHS 1990). The results of the WOC floodplain receptor will be used to evaluate the no-
action alternative and combined with information obtained in the feasibility study to evaluate
the amount of risk reduction obtained by any in-situ options for the FS. This will serve as a
baseline for the relative degree of risk reduction in the future for implementation of the
various options. Data from Phase II of the site characterization activities will be used in
conjunction with data from ongoing site-wide monitoring programs to provide input for
integration point assessments. These risk assessments will address current and future on-
source OU and off-source OU exposures and will support (1) Records of Decision for interim
or final actions and (2) removal actions.

4.1.1 Human Populations and Exposure Pathways

An exposure pathway is the means by which contamination from any contaminated media
is transported to a receptor. The components necessary to complete the pathway are (1) a
contaminated source and a mechanism for release, (2) a transport medium, (3) an exposure
point, (4) potential receptors, and (5) an exposure route.

‘ The WAG 1 Groundwater OU is located within the ORNL site and is part of the DOE
ORR (which covers approximately 35,000 acres). WAG 1 is an area of 150 acres that includes
most of the original research and development facilities and associated waste management
units. WAG 1 Groundwater OU is situated in an industrial area and no residences or drinking
water sources are currently located on the site. Security precautions currently limit the
. presence of persons in this controlled area; consequently, the potential for human exposure
to contaminants is limited. Employment at the ORNL site (as of January 1992) consisted of
approximately 5000 full-time on-site personnel, the majority of which work in the main ORNL
complex. Because most of the source areas have been closed and intrusive activities are
limited, exposure to the on-site worker is generally limited to a small group of maintenance-
type workers and future sampling and remediation workers. Given the extensive development
of the main plant area, 'it is expected that WAG 1 will maintain an industrial land use
classification in the future.

Nine public water supply systems serve about 91,500 people within a 32-km (20-mile)
radius of the ORR. The intake for Kingston, located on the Tennessee River, is about
0.6 river km (0.37 miles) above the confluence of the Clinch and Tennessee rivers and about
34.1 river km (21.3 miles) below the White Oak Dam outfall. Kingston withdraws
approximately 9% of its average daily supply from the Tennessee River. Sixteen public
groundwater supplies are located within a 32-km (20-mile) radius of ORNL. Of these sources,
the closest to ORNL is the Allen Fine Spring supplying the Dixie-Lee Utility District in
Loudon County. This groundwater source, about 11 km (6.8 miles) southeast of ORNL,
serves 6700 people with an average of 1,500 m*® (53,000 ft®) of water per day. Private single-
family wells are common in adjacent rural areas not served by public water supply. Most of
the residential wells, other than those adjacent to the City of Oak Ridge, are south of the
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Clinch River. These wells are hydrologically isolated from impacts originating from the ORR
because of the Clinch River. The nearest resident is approximately 3.7 km (2 miles) from the
WAG 1 boundary.

All drainage and effluents from WAG 1, as well as from other WAGs, discharge to WOC
and therefore, to White Oak Lake. Under normal flow conditions and during precipitation
events, waterborne radioactivity and radioactively contaminated sediments can be carried
through White Oak Dam and discharged to the Clinch River. WAG 1 has been a historical
contributor of *Sr and 13’Cs to the overall contaminant inventory in the WOC watershed.

4.1.1.1 On-site potential human receptors and exposure pathways

An industrial future land use for the on-source assessment of risk at WAG 1 is the most
appropriate given EPA guidance. This location meets the definition for areas that are defined
as industrial sites under the future land use condition; the term “on-site” strictly means
buildings and their associated infrastructure for purposes of the baseline risk assessment.
Selection of an industrial scenario is consistent with the NCP and EPA guidance. Risk
Assessment Guidance for Superfund (EPA 1989) states that “an assumption of future
residential land use may not be justifiable if the probability that the site will support
residential use in the future is exceedingly small.”

For future on-site land use, a reasonable maximum exposure risk assessment will be done
based on industrial exposure at the source OUs. All water used on the ORR is imported from
the Clinch River. Well yields are low in WAG 1 and are considered insufficient to serve as
a reliable potable water supply currently and in the future. Because groundwater is not usable
as a source of potable water at WAG 1, risk from groundwater within the site boundaries will
not be assessed for the purposes of supporting specific remedial decisions. It will be assumed
that future industrial receptors will continue to import their water from off-site. The emphasis
for risk assessment and for remedial decisions will be on source control for groundwater
contamination within the WAG 1 plant boundaries because the groundwater discharges to
surface water in WOC.

4.1.1.2 Off=site potential human receptors and exposure pathways

The greatest potential for off-site human exposure is believed to be from surface water
runoff and shallow groundwater discharge into WOC, The contaminants found in these
integrators affect downstream surface water bodies, including the Clinch River. These water
bodies are used for domestic and industrial water supply, fishing, recreation, and irrigation.

Under the current land use conditions, an integration point assessment will be used to
evaluate potential exposure to off-site receptors. In brief, this assessment is designed to
evaluate off-site human health risk from exposure to contaminants from the source OU (i.e.,
WAG 1 Groundwater OU). Conservative (residential) exposure parameters will be used to
evaluate risk from ingestion of and dermal contact with surface water and for inhalation of
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VOC:s in the water at the WOC Dam. Contributions from the WAG 1 Groundwater OU will
be ranked relative to other source OUs in the WOC watershed based on their flux
contributions of contaminants of concem.

For future off-site land use, modeled results could be used to evaluate future risk to off-
site receptors. Exposure pathways to be evaluated include (1) ingestion of soil and water,
(2) inhalation of wind-generated dust, (3) inhalation of volatiles in water, (4) dermal contact
with soil and water, and (5) external exposure to radionuclides in soil. The point of residential
exposure pathway assessment for future land use is the WOC floodplain at the WAG 1
boundary as previously established in the Preliminary Risk Assessment Report.

4.12 Ecological Populations and Exposure Pathways

Previous ecological assessments of the WOC watershed indicate that severe effects are
not occurring in the aquatic habitats of WAG 2 and a diverse and productive aquatic
community is present. However, reference stream surveys of aquatic biota indicate that there
is some evidence for effects on fish reproduction and on benthic invertebrate community
composition. Toxicity tests that have been performed for surface water have not indicated
toxicity to Ceriodaphnia dubia or to larval fathead minnows in 7-d exposures. As ongoing
studies within the scope of WAG 2 and the Biological Monitoring and Abatement Program
continue, any contaminant migration originating from WAG 1 that can be linked to
detrimental environmental effects will be targeted for remedial action.

42 HUMAN HEALTH RISK ASSESSMENT METHODOLOGY

The integration point assessment is a flux-based risk assessment. Flux is an important
concept for source control because of the number of actual and potential sources of
contaminants that exist on the ORR and the variability in flow rates of the different surface
water systems that transport these contaminants to the surface water integrator OUs and
eventually to the Clinch River. Source control actions taken at areas that have high fluxes of
integrator contaminants of concern are the quickest means to reduce off-site exposure to
levels that are as low as reasonably achievable.

An important objective during early phases of a large investigation is to assimilate
available information from existing programs in order to estimate fluxes and mass balances
of contaminants within the integrator system. The information is then used to assess fluxes
within the watershed and compare them with fluxes that input into public access areas in
order to differentiate between various contaminant sources at the ORR. Mass balance
information is important to describe the accumulation of contaminants within a system where
inputs and outputs are known and to assess the net impact of a reach or source area. The
integration point assessment provides a means for communicating this information in terms
of risk to the public and to risk managers. It also provides an important risk link between the
source control and integrator OUs so that the effects of source control actions can be
evaluated in the integrator. '
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2.1.2 Overview of Site Conditions >

The WOC floodplain area used for the PHHE is at the southwestern end of WAG 1.
The area is not fenced but is marked as a radiation area. Trees, grasses, and other vegetation
cover the area. Access 10 this general area is restricted by guard stations located on nearby
access roads. When the stations are not manned, a barrier is used to restrict road traffic.
It has been known for some time that the floodplain soil was contaminated with cesium-137
as a result of historic discharges. The RI floodplain soil sampling program was designed to
determine the extent of cesium-137 contamination and ascertain the presence and
concentrations of other contaminants. The surface water sampling program was designed to
provide information on the nature and concentration of contaminants in the surface water.

The samples used for the PHHE represent a small portion of the total number collected
during the Phase I RI. A larger portion of these samples are used for the EE and the HSI.
Data from all samples collected are used in the SCSR 1o describe the nature and extent of
contamination. These samples also provide a technical foundation and source of information
for future OU-specific environmental restoration activities. Site conditions are summarized
in the WAG 1 Document Summary and discussed in detail in the SCSR. The rationale for
using this subset of the samples is presented in Sect. 2.1.4.1.

2.1.3 Objectives
The primary objectives of the PHHE are presented in Sect. 1.3.1. Briefly, these are to0

e assess the need for remedial action to control migration of contaminants from WAG 1,

s assess the need for remedial action for the WAG 1 WOC floodplain soils,

e provide a basis for comparison with other ORNL WAGs, and

* provide a basis for evaluating reduction of contaminant rrugranon as a result of
remediation relative to risk. :

2.1.4 Approach

A hypothetical resident receptor on the WOC floodplain was evaluated under a no-action
scenario; the following paragraphs cxplam why this receptor was chosen and how the PHHE

was performed.
2.1.4.1 Hypothetical receptor

A hypothetical resident-Jiviny an the WOC floodplain between the 7500 bridge and the
main plant area fente (Fig. 1. 1.2:':«’3.5 chosen as the receptor for the PHHE. This decision
was made after constderaTion of the site conceptual model, EPA guidance, and the objectives

for the PHHE.
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The site conceprual model for WAG 1, presented in the SCSR {Seet—35-2), assumes tha
groundwater flow, with its associated contaminant movement, eventually discharges to WOC
upstream of the 7500 bridge. WOC also receives overland storm flow, any infiltration of
groundwater 1o the storm sewer system, and eroded soil, as well as discharges permited
under the state's National Pollutant Discharge Elimination System (NPDES) program. Itis
currently believed that most, if not all, waterborne releases of environmental contaminants
that originate within WAG | are received in WOC upstream of the 7500 bridge. A receptor
exposed to the water of WOC at the WOC floodplain would be exposed to any contaminants
migrating off site from WAG 1 (at upstream locations). While these are not necessarily the
greatest concentrations that are present in surface water or groundwater within WAG 1, the
WOC floodplain is the only area where surface water samples would represent influence from
the entire WAG.

As a result of discussion at the December 4, 1991, DOE Technical Working Group
meeting mentioned previously, it was decided that the human health evaluation for the first
phase of the WAG 1 Rl should be generalized and represent an evaluation of the risk from
the overall WAG. It was also determined that since this human health evaluation will be
used to document the need for continued action, it need not be as detailed as a human health
evaluation presented in support of a no-further-action decision.

The PHHE intentionally only addresses discharges that represent present-day releases
from WAG | as a whole. The analyses presented in this PHHE likely do not estimate the
full magnitude of potential risk associated with individual OUs or sources of contamination
within the WAG. Other potential risks (i.e., scenarios) will be addressed in furure
OU-specific risk assessments.

2.1.4.2 PHHE methodology

A no-action scenario was developed that assumed DOE’'s current access restrictions
(including warning signs, patrols, and institutional controls) for the WOC floodplain became
ineffective immediately, allowing a resident to occupy a homestead on the WOC floodplain.
Although this is not a reasonable scenario for WAG 1, it allows evaluation of a no-action
scenario as required under Sect. 300.430(¢) of the National Contingency Plan (NCP) (EPA
1990a).

Approaches for quantifying conservative and nonconservative exposures were patterned
after the approach used in Preliminary Screening of Comaminars in the OQff-Site Surface
Water Environmen: Downstream of the U. S. Deparmment of Energy Oak Ridge Reservarion
(Hoffman ¢t al. 1990). A conservative approach was designed such thar there is high
confidence that the actal risk is not underestimated. A nonconservative approach was
designed 1o represent limited exposure at the site such that there is high confidence that the
actual risk is not overestimated. These two approaches serve to put the calculated risk values

into perspective.,
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5. SUMMARY AND CONCLUSIONS

5.1 PRELIMINARY HUMAN HEALTH EVALUATION

The PHHE was developed from data collected during the Phase 1 Rl at WAG 1.
Phase I, as well as previous investigations, identified contaminants present on and migrating
from the WAG. Contaminants identified include radionuclides, organics, and inorganics.

Risk was calculated for a hypothetical WOC floodplain resident receptor. Two
approaches, one conservative and the other nonconservative, were assessed for reasonable
maximum and average exposure assumptions, respectively. The PHHE results indicated that
risks to the hypothetical WOC floodplain receptor were greater than EPA’s upper risk limit
of 10* for radioactive contaminants of potential concern for both conservative and
nonconservative approaches. For chemical contaminants of potential concern, the risk was
greater than EPA’s lower risk limit of 10 for the conservative approach. The PHHE results
establish a need for continued action to address radioactive contaminants migrating in surface
water in WOC as well as contaminated soils in the WOC floodplain.

Risk from radioactive contaminants was driven by radium-228 and strontium-90 and their
daughters for ingestion of surface water and by cesium-137 and its daughter for direct
exposure 10 the floodplain soils. For chemical contaminants, the potential carcinogenic risk
for the conservative approach fall between the upper and lower bounds of EPA’s target risk
range. The noncarcinogenic hazard index for ingestion of surface water as drinking water
(at 2.3 for the conservative approach) is greater than the adverse cffect threshold of 1.
Assessment of secondary exposure pathways (e.g., ingestion of vegetables irrigated with
chemically contaminated water) would probably not yield a significant increase in the current
risk values because one of the chemicals driving the chemical carcinogenic risk (p-dioxane)
is characterized by 2 low K, and does not readily bioaccumulate. In addition, the
noncarcinogenic risk is a result of ingestion of drinking water, and the chemical driving this.
risk (pyridine), is also characterized by a low K_, and is not readily bioaccumulated. Many
of the remedial actions that might be taken at WAG 1 to address migration of radioactive
contaminants would probably produce a significant mitigation of chemical contaminant
migration. With these considerations in mind, the need for further definition of the potential
risks due to chemicals is probably not necessary. '

. When the WAG 1 PHHE results are used to compare the risk attributable 1o WAG 1 as
a whole with the risk from other WAGs, it should be determined whether a larger or smaller
number of pathways (especially secondary pathways) have been assessed for the other WAG.
Assessment of different pathways for other WAGs could result in a total risk number that
might not be comparabie to the WAG 1 PHHE calculated risk.

The PHHE risk values should provide a basis for cither quantitative or qualitative risk
reduction comparisons for WAG 1 OU-specific aiternatives evaluations. In these
comparisons, consideration should be given to comparing the potential increased risk to
workers from OU-specific remediation activities with the risk reduction for the hypothetical

WOC floodplain receptor,

| | 00431
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5.1.1 ScopeV

The hypothetical WOC floodplain resident was selected for evaluation under a no-action
scenario based on the sits conceptual mode!, EPA guidance, and the objective of the PHHE.
The objective of the PHHE was to determine the potential threat to a hypothetical WOC
floodplain resident receptor to

e assess the need for remedial action to control migration of contaminants from WAG 1,
+  assess the need for remedial action for WOC floodplain soils,
e provide a basis for comparison with other ORNL WAGs, and

* provide a basis for companson with risk reduction estimates during WAG 1 OU-specific
alternative cvaluatxons

) The site conceptual model assumes that groundwater flow (and associated contaminant

movement) at WAG 1 evenually discharges to WOC before leaving the WAG. The location
of the hypomcucal resident exposes him or her 1o any contaminants migrating off site from
WAG 1 via water pathways.

As required by the NCP (EPA 1990a), effects on the receptor were evaluated under a
no-action scenario, which assumed that DOE’s ¢urrent access restrictions for the WOC
floodplain (i.e., outside the WAG 1 fence) became ineffective immediately. Although this
is an unrealistic assumption, it is required by the National Contingency Plant (EPA 1990a).
Both conservative and nonconservative approaches were used to calculate a range of risk to
the hypothetical receptor.

The Risk Assessmerns Guidance for Superfund, Volume 1: Human Health Evaluation
Manual (EPA 1989) and other EPA and ORNL guidance documents were used in preparing
the PHHE. The PHHE consisted of four components: selection of contaminants of potcnual
concern, exposure assessment, toxicity assessment, and risk characterization.

5.12 Selection of Contaminants of Potential Concern

Contaminants of potential concern were selected from surface water and soil samples
taken under the Phase I RI. The PHHE included all soil and surface water samples taken in
the WOC floodplain and reference samples taken from upgradient locations. Chemical and
radioactive contaminants of potential concern were selected by excluding contaminants (e.g.,
they were naturally present in the environment, were below reference concentrations, were
essential nutrients, or did not contribute significantly to risk).

The selection process resulted in a list of 7 radioactive and 21 chemical contaminants
(4 VOCs, 9 semivolatile organics, and 8 inorganics) of potential concern.
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5.1.3 Exposure Assessment

Because WAG 1 is on the ORR, all land around it is government-owned and there are
" no residents. Risks to the hypothetical resident were evaluated under a no-action scenario
which assumed that DOE's current access restrictions at the WOC floodplain became
ineffective immediately. Although this scenario is not reasonable because DOE plans to
continue operating ORNL well into the future, it was used because a no-action scenario is
required under the NCP.

Conservative and nonconservative approaches were used to estimate a range of risk for
the hypothetical receptor using exposure factors developed by ORNL (White 1992). The
conservative approach used reasonable maximum exposure parameters, and the
nonconservative approach used average exposure parameters.

Five potential primary exposure pathways were evaluated:
¢ direct exposure 10 ionizing radiation from WOC floodplain soils,
* inhalation of particulates, volatiles, and evaporated tritium,
. ingcstibn of surface water for drinking,
e incidental ingestion of WOC floodplain soil, and

e dermal contact with WOC floodplain soil and surface water (for chemical contaminants
only).

Secondary exposure pathways (e.g., eating vegetables grown in contaminated soil) were
not evaluated because the initial assessment was that the total risk for primary pathways alone
would exceed the EPA action threshold of 10 x 10,

Except for inhalation, the specific concentrations of contaminants used to assess
exposures were from environmental media samples collected during the Phase I RI. For
inhalation, modeling was used to estimate air concentrations of VOCs and evaporated tritium
from surface water and particulate-bound contaminants from soils.

5.1.4 Toxicity Assessment

Toxicity values (slope factors and reference doses) were identified for contaminants of
potential concern in surface water and soil for the ingestion, external exposure, and inhalation
pathways. Toxicity values were identified for all seven of the potential radioactive
contaminants of concern. Secven of the nine semivolative organic and two of the eight
inorganic contaminants of potential concern did not have toxicity values and werc not
considered further in the evaluation, All of the radioactive and seven of the chemical
contaminants of potential concern are classified as known or probable human carcinogens.
Nine of the chemical contaminants of potential concern are classified as noncarcinogens.
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5.1.5 Risk Characterization
5.1.5.1 Risk from radioactive contaminants of potential concern

Risks from radioactive contaminants of potential concern for the nonconservative and
conservative approaches were 4.0 x 10™ and 3.8 X 107, respectively. Both of these exceed
the upper limit of EPA’s target risk range (10™). External exposure is the dominant pathway
(approximately 99% of the total risk from radioactive contaminants of potential concern).
The risk due to external exposure was calculated two ways, one using the radionuclide-
specific Rl sampling data and the other using dose measurements from the USRADS
walkover survey. The results from both methods were within the same order of magnitude.
Cesium-137 and daughter were responsible for the majority of the risk from direct exposure.

The risk from ingestion of drinking water also exceeded the upper end of EPA’s risk
range (10*). Radium-228, strontium-90, and daughters were the major contributors to this
risk. ' .

5£.1.5.2 Risk from chemical contaminants of potential concern

Carcinogenic risks from chemical contaminants of potential concern for the conservative
and nonconservative approaches were 1.9 X 10 and 8.1 X 107, respectively. These risks
do not exceed the upper limit of the EPA’s target risk range (10™), but for the conservative
approach, they do exceed the lower limit (10%). Ingestion of surface water was the primary
pathway for the conservative exposure assumptions (approximately 84 % of the total risk from
chemical contaminants of potential concern). p-Dioxane and dichlorobromomethane were the
primary contributors to carcinogenic risk for ingestion of surface water (conservative
approach). /

Only ingestion of surface water using the conservative approach resulted in a
noncarcinogenic hazard index greater than 1. The hazard index for this pathway was 2.3;
the volatile organic pyridine was the only chemical with a hazard index greater than 1 (1.9).
Pyridine produces adverse effects on the liver.

5.1.6 ldentification of Uncertainties

“Each step of the PHHE (selection of contaminants of potential concern, exposure
assessment, toxicity assessment, and risk characterization) contributes uncertainty to the final
risk estimates. Uncertainties were addressed qualitatively. The individual sources of
uncertainty were discussed and categorized regarding whether they have the potential to
overestimate risk, underestimate risk, or both. Qualitative assessments are also made as to
the effect of each uncertainty on meeting the objectives of the PHHE. Given this uncertainty,
the risk estimates should not be taken as an absolute indicator of whether adverse health
effects could occur. Rather, they should be used as a gauge for the need for remedial action,
as a means for comparison with other WAGs, and for future comparison in the alternatives

assessment process to evaluate risk reduction.
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5.2 ENVIRONMENTAL EVALUATION

Relying on a combination of BMAP studies and data collected during the Phase 1 RI, the
EE demonstrated that there is a present or potential risk of dewimental effects to the
environment in the absence of any remediation at WAG 1.

Data from BMAP studies indicated that surface waters have elevated levels of metals and
elevated temperatures. Most of Fifth Creek and the middle section of WOC receive
substantial inputs of chlorine and other toxicants. Studies on biota reported that benthic
macroinvertebrate, periphyton, and fish populations all appear to be impacted by ORNL
operations. In addition, both waterfowl and groundhogs collected from WAG 1 had high
tissue concentrations of radionuclides.

Concentrations of contaminants detected during Phase 1 were compared with the
NAWQC for surface water and with RCRA action levels (EPA 1990b) for soils and
sediments to determine the initial list of contaminants of potential concern. The reference
levels and known toxicity were then considered in further reducing the number of
contaminants, Of the nonradiological contaminants, mercury and PCBs are likely to cause
adverse effects to aquatic species and piscivorous animals. Several contaminants {cadmium,
chromium, lead, copper, aluminum, silver, and bis(2-ethyl-hexyl)phthalate] are likely to
cause adverse effects to aquatic species, but information was generally insufficient to assess
their potential for detrimental effects to terrestrial species. Although beryllium and antimony -
are present in concentrations that might pose a hazard to biota, there is insufficient toxicity
information on their effects to nonhuman species to evaluate their potential effects on WAG

1 biota.

Regulatory guidelines for radionuclides for the protection of environmental receptors are
lacking, and information on radiation effects in the natural environment on WAG 1 species
is limited, thus.precluding an assessment of their specific effects. However, on the basis of
BMAP studies that reported deposition in body tissues and the high concentration of
radionuclides in WAG 1, it is likely that some detrimental effects are occurring at least to

individual inhabitant species.

5.3 HAZARD SCREENING INDEX

" A methodology for calculating the relative hazard of the OUs in WAG 1 was derived
from EPA’s THRS (EPA 1990c). The HSI is one of two factors used in the prioritization of
OUs (the other is a qualitative assessment of exposure potential) in the OUSD. Modifications
were made to enhance the differentiation of OUs relative to concentration, toxicity, and

quantity of ¢ontaminated material present.
5.3.1 Method

The HSI is the product of a concentration-weighted toxicity factor and a waste quantity
factor; this is illustrazed by the following egquation:
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HSI = CWTF x WQF
where
HSI hazard screening index

concentration-weighted toxicity factor
waste quantity factor

CWTF
WQF

I

The CWTF is the summation of the individual CWTF values for each hazardous
constituent that exceeds its risk-based benchmark concentration for a given medium. The
benchmark against which all concentrations are compared corresponds to a 10 individual
cancer risk for carcinogens or to the reference dose for noncarcinogens. To determine a
CWTF, atoxicity value is assigned to each hazardous constituent within an OU, as described
in the tHRS. On the basis of the concentration of the constituent as reported in the sampling
data, the toxicity value is weighted to give an individual CWTF value. Individual CWTF
values are summed to determine the total CWTF for the OU.

The calculation of the WQF follows the methods discussed in the rHRS guidance. The
WQF is based on the volume of contaminated materials associated with each QU. Both
chemical and radionuclide WQFs are calculated; the chemical and radionuclide WQFs are
summed to give the total WQF for the OU.

5.32 Results

The HSI values are used to establish a ranked order of OUs. The higher the HSI score,
the higher the ranking and associated hazard for that QU. For the WAG 1 OUs, the HSI
score for the Gunite tanks (liquids and sludges) was the highest (1.72 X 10%), followed by
groundwater, surface impoundments (liquids and sludges), and steel tanks (liquids) with
scores of 6.43 x 10", 4,02 x 10%, and 2.47 X 10%, respectively. The lowest score was
for SWSA 2 (0). Values for the remaining OUs ranged from a low of 3.25 X 10° (pipeline
discharges) to a high of 1.26 X 10" (3000 watershed soils).

004

RAWAGIPRASECTS

306

000241



00
0242



Energy Systems Environmental Restoration Program

Source Investigation Report for
Waste Area Grouping 1 at the
Oak Ridge National Laboratory,
Oak Ridge, Tennessee

Date Issued—November 1996

Prepared by
CDM Federal Programs Corporation
Oak Ridge, Tennessee 37830
under contract 96B-99052C
Document Control No. 5153-006-FR-BBBC

Prepared for the
~ U.S. Department of Energy
Office of Environmental Management
under budget and reporting code EW 20

Environmental Management Activities at the
OAK RIDGE NATIONAL LABORATORY
Oak Ridge, Tennessee 37830
managed by

LOCKHEED, MARTIN ENERGY SYSTEMS, INC.

for the
U.S. DEPARTMENT OF ENERGY
under contract DE-AC05-840R21400

000243



000244



DOE/OR/01-1194&D2

- Site Characterization Plan for Groundwater in Waste
Area Grouping 1 at Oak Ridge National Laboratory,
Oak Ridge, Tennessee

000245



000246



DOE/OR/01-1194&D2
ORNL/ER-191&D2

Energy Systems Environmental Restoration Program
ORNL Environmental Restoration Program

Site Characterization Plan for Groundwater in Waste Area
Grouping 1 at Oak Ridge National Laboratory, Oak Ridge, Tennessee

Date Issued—July 1994

Prepared by
Energy Division
Oak Ridge National Laboratory

Prepared for
U.S. Department of Energy ‘
Office of Environmental Restoration and Waste Management
under budget and reporting codes EX 20 and EW 20

Environmental Restoration and Waste Management Programs
Oak Ridge National Laboratory ’
Oak Ridge, Tennessee 37831-6285
managed by
MARTIN MARIETTA ENERGY SYSTEMS, INC.
for the
U.S. DEPARTMENT OF ENERGY
under contract DE-AC05-840R21400



0002458



™,
‘h}"&?y‘_
",
"

DOE/OR-1043/V2&D1
ORNL/ER-131/V2&D1
ORNL/ER/Sub/87-99053/59/V2

Energy Systems Environmental Restoration Program
ORNL Environmental Restoration Program

Site Characterization Summary Report for Waste Area Grouping 1
at Oak Ridge National Laboratory, Oak Ridge, Tennessee

Volume 2
Sections 4 Through 6

Date Issued—September 1992

Prepared by
Bechtel National, Inc./CH2M Hill/Ogden/PEER
Oak Ridge, Tennessee .
under subcontract 30B-99053C

Prepared for
U.S. Department of Energy
Office of Environmental Restoration and Waste Management
under budget and reporting code EW 20

OAK RIDGE NATIONAL LABORATORY
Oak Ridge, Tennessee 37831-6285
‘ managed by
MARTIN MARIETTA ENERGY SYSTEMS, INC.
for the ‘
U.S. DEPARTMENT OF ENERGY
under contract DE-AC05-840R21400

000243



000250



1A

DOE/OR-1044&D1
ORNL/ER-132&D1
ORNLJ/ER/Sub/87-99033/60

Energy Systems Environmental Restoration Program
’ ORNL Environmental Restoration Program

Preliminary Risk Assessment Report for Waste: Area Grouping 1
at Oak Ridge National Laboratory, Oak Ridge, Tennessee

Date Issued—September 1992

Prepared by ‘
Bechtel National, Inc/CH2M Hill/Ogden/PEER
Oak Ridge,Tennessee
under subcontract 30B-99053C

Prepared for
U.S. Department of Energy
Office of Environmental Restoration and Waste Management
under budget and reporting code EW 20

OAK RIDGE NATIONAL LABORATORY
Oak Ridge, Tennessee 37831-6285
managed by
MARTIN MARIETTA ENERGY SYSTEMS, INC.
for the
U.S. DEPARTMENT OF ENERGY
under contract DE-AC05-840R21400

00413

000251



00072
2072



ts

27

5. REFERENCES

OU Sﬂwdzs\ilﬁc»

. 1. W. Autrey et al., Sampling and Analysis of the Inactive Wasie Storage Tank Contents at ORNL,

ORNLJER-13, Mariin Marietia Energy Systems, Oak Ridge Natl. Lab., August 1989.

Standard Operarting Procedures for the Inacrive Liquid Low-Level Waste Tanks Sampling Project, Bechtel
National, Oak Ridge, Tenn., March 1990.

Test Methods for Evaluaring Solid Waste, U.S. Environmental Protection Agency, 1986 (Laboratory
Manual Physical/Chemical Methods, SW-846, 3d. ed., Vol. 1B).

W. H. Griest et al,, *Adaptation of SW-846 Methodology for the Organic Analysis of Radioactive
Mixed Wastes,” pp. 106~14 in Proceedings of the Sixth Annual Waste Testing and Quality Assurance
Symposium, Vol. Il, American Chemical Society, Washington, D.C., 1990.

B. A. Tomkins et al, *Determination of Regulatory Organic Compounds in Radioactive Waste
Samples: Volatile Organics in Aqueous Liquids,” Anal Chem., 61, 2751-56 (1989).

B. A Tomkins et al, *Determination of Regulatory Organic Cofnpounds in Radioactive Waste

Samples: Semivolatile Organics in Aqueous Liquids,® Anal Chem., 62, 253-57 (1990).

U.S. Enviommental Protection Agency, Statement of Work for Inorganic Analysis, SOW No. 787, Martin
Marietta Energy Systems, Oak Ridge Natl. Lab., 1987,

U.S. Environmental Protection Agency, Methods for Chemical Analysis of Water and Wastes,
EPA-600/4-79-020, rev., Environmental Monitoring and Support Laboratory, Cincinnati, March 1983.

G. T. Seaborg and J. J. Katz, The Acrinide Elements, Vol. IV-14A, McGraw, New York, 1954, pp. 545-91.

00467

: 000253



Tekim . Cov Ass. £ Wng- |

57 , ,
REFERENCES FOR SECTION 5 | ¢

EPA 1989. Risk Assessment Guidance for Superfund, Vol. 1: Human Health Evaluation
Manual (Part A), EPA/540/1- 89/002 Office of Emergency and Remedial Response,
Washington, D. C.

EPA 1990a. National Oil and Hazardous Materials Pollution Contingency Plan, 40 CFR
300.430()(2)(A)(2).

EPA 1990b. RCRA Proposed Subpart S, Appendix A, Federal Register 55:30865-30867,
July 27.

EPA 1990c. Hazard Rankz’ng System, Federal Register 55:51531-51667, December 14.

White, R. K. 1992. Letter to K. Barry, Bechtel National, Inc., "Dermal Toxicity Values,”
BNI CCN 015434, QOak Ridge, Tenn.

00468

RAWAGIPRASECTS

000254



WAG— |  Scsk

4-99
REFERENCES FOR SECTION 4

Autrey, J. W. 1989. Personal Communication to A.K. Brill (BNI) on Inactive Tank Sample
Analysis and Soil Survey Data at Tank Sites (April).

Bbegley; W. J. Jr. et al. 1987. Environmemzal Data Package for the Main Plart Area
(WAG 1), ORNL/RAP-13, Oak Ridge National Laboratory, Oak Ridge, Tenn.

BNI 1987. Remedial Invesnglmoﬁ Plan for the ORNL Main Plant Area (Waste Area
Grouping 1), Appendix B, ORNL/RAP-Subi87~30B 99053C/72101, Bechtel National,
Inc.

BNI 1990. ORNL RI/FS Technical Bulletin TB 01-003, Rev. 0, November 6, 1990, CCN
_ 009394, Bechtel National, Inc., Oak Ridge, Tenn.
BP:lI 1991. Memoranduni from L. M. Sims and A. Temeshy to Distribution, "Chemical
Health Based Criteria,” CCN 012750 (chber 9), Bechtel National, Inc., Oak Ridge,
Tenn.

Cerling, T. E. and B. P. Spalding 1981. Areal Distribution of Co-60, Cs-137, and Sr-90 in
Streambed Gravels of White Oak Creek Warershed, ORNL/TM-7318, Oak Ridge
National Laboratory, 1981. '

Daniels, K. L. 1989. Oak Ridge Nationa! Laboratory, Personal communication to J.T.
Kitchings, BNI Team on Sediments from the 7500 Bridge Area, June 1989.

Duguid, J. O. 1975. Status Report of Radioactivity Movemert from Burial Grounds in
Melion and Bethel Valleys, ORNL-5017, Oak Ridge National Laboratory, Oak Ridge,

Tenn.

Energy Systems 1985. Environmental Monitoring Report United States Department of
Energy Oak Ridge Facilities Calendar Year 1984, ORNL-6209, Martin Marietta Energy
Systems, Oak Ridge, Tenn.

. A .
Energy Systems 1986. Environmenral Surveillance of the Oak Ridge Reservation and
Surrounding Environs During 1985, ORNL-6271, Martin Marietta Energy Systems, Oak
Ridge, Tenn. '

Energy Systems 1987.  Environmental Surveillance of the U.S. Department of Energy Oak
Ridge Reservarion and Surrounding Environs During 1986, ES/ESH-1/V1&V2, Martin
Marietta Energy Systems, Oak Ridge, Tenn.

Energy Systems 1988. Environmental Surveillance of the U.S. Department of Energy Oak
Ridge Reservation and Surrounding Environs During 1987, ORNL-6209, Martin
Marietta Energy Systems, Oak Ridge, Tenn.
00469 *

RAWAGISCS\FOUR 0 O O ? :.') K



4-100

Energy Systems 1989. Oak Ridge Reservarion Environmersal Report for 1988, ES/ESH 8/V-
1&V-2, Martin Marietta Energy Systems, Oak Ridge, Tenn.

Energy Systems 1990. Oak Ridge Reservastion Environmensal Report for 1989, ES/ESH-
13/V-1&V-2, Martin Marietta Energy Systems, Oak Ridge, Tenn.

EPA 1988a. Laboratory Data Validarion Functional Guidelines for Evaluating Inorganics

Analyses, Hazardous Site Evaluation Division, Washington, D.C.

EPA 1988b. Laboratory Dara Validation Functional Guidelines for Evaluaring Organics
Analyses, Hazardous Site Evaluation Division, Washington, D.C.

EPA 1990a. Guidance for Data Useability in Risk Assessment, EPA/540/G-90/008, Office
of Emergency and Remedial Response, Washington, D.C.

EPA 1990b. "RCRA. Proposed Subpart S, Appendix A," Federal Register 55:
30865-30867, July 27.

Grimsby, H. J. 1986. Inventory of ORNL Remedial Action Sites: 12 Other Contaminated
Sires, ORNL/RAP/LTR-86/54, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Howard, P. H. 1990. Handbook of Environmental Fate and Exposure Dara for Organic
Chemicals, Volumes I and II, Lewis Publishers, Chelsea, Mich. ,

Huang, S. F. etal. 1984a. Preliminary Radiological Characterization of Fifteen Waste Tanks
at Oak Ridge National Laboratory, ORNL/CF-84/203, Oak Ridge National Laboratory,
Oak Ridge, Tenn.

Huang, S. F. et al. 1984b. Preliminary Radiological Characterization of Waste Holding
Basin 3513, ORNL/CF-84/204, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Kathern, T. L. 1984. Radioactiviry in the Environmen:, Harwood Academic Publishers,
Chur, Switzerland. .

Ketelle, R. H. et al. 1986. 1986 Groundwazter System Characterization, ORNL/RAP/LTR-
86/75, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Kitchings, J. T. and R. K. Owenby 1986. Applicability of RCRA Part B Permitring
Requiremenis to ORNL's Surface Impoundments 3524, 3539, 3540, 7905, 7906, 7907,
and 7908, ORNL/RAP/LTR-86/43, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Montford, M. A., K. L. Daniels, and J. T. Kitchings 1986. Groundwater Sampling Around
RCRA Impoundmerzs, ORNL/RAP/LTR-86-76, Oak Ridge National Laboratory, Oak
Ridge, Tenn.

Oakes, T. W. 1983a. "Intralaboratory Memo to J.F. Wing on Mercury in Soil and Sediment
at ORNL," Oak Ridge National Laboratory, Oak Ridge, Tenn.

RAWAGISCS\FOUR

0061

O~ 1

&0

=)



4-101

Oakes, T. W. 1983b. “Intralaboratory Memo to J.F. Wing on Mercury Concentrations in - -~ - -

Soil Samples Collected Around Buildings 4501, 4505, 4507, and from the Bank of Fifth
Creek™ (July §), Oak Ridge National Laboratory, Oak Ridge, Tenn.

Oakes, T. W. 1985. “"Intralaboratory Memo to B.J. Davis on 3019 and 3028 Area Soil
Sampling Results” (May 3), Oak Ridge National Laboratory, Oak Ridge, Tenn.

Oakes, T. W. and K. E. Shank 1977. Subsurface Investigation of the Energy Systems
Research Laboratory Site at ORNL, ORNL/TM-5695, Oak Ridge National Laboratory,
Oak Ridge, Tenn.

ORNL 1991. Reference Sampling for the ORNL WAG 6 RFI, Technical Memorandum
06-15, ORNL/ER/Sub-87/99053/37, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Sélomon, D. K. et al. 1989. Groundwater Monitoring in 1988 at Three Oak Ridge National
Laboratory Inactive Waste Impoundments, ORNL/TM-11022, Oak Ridge National
- Laboratory, Oak Ridge, Tenn.

frid

Spalding, B. P. and T. E. Cerling 1979. Association of Radionuclides with Streambed

Sedimerus in White Oak Creek Watershed, ORNL/TM-6875, Oak Ridge Nagional.

Laboratory, Oak Ridge, Tenn.

Stansfield, R. G. and C. W. Francis 1986, Characterisrics of the 3513 Impoundment, :

ORNL/TM-9936, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Tamara, T., O. M. Sealand, and J. O. Duguid 1977. Preliminary Inventory of Pu-239,-240,

Sr-90, and Cs-137 in Waste Pond No.2 (3513), ORNL/TM-5802, Oak Ridge National
Laboratory, Oak Ridge, Tenn.

Taylor, F. G. Jr, 1989. Mercury Assessmens for Water and Sediment in Qak Ridge Narional
Laboratory Streams, ORNL/M-713, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Taylor, F. G. Jr. 1990a. Mercury Monitoring of Water and Sediment in Oak Ridge
Narional Laboratory Streams During 1989, ORNL/M-1030, Oak Ridge National
Laboratory, Oak Ridge, Tenn. .

Taylor, F. G. Jr. 1990b.  Polychlorinated Biphenyls in the Aquatic Environmernt of Oak
Ridge Narional Laboratory Report of 1989 ORNL/M-1041, Oak Ridge National
Laboratory, Oak Ridge, Tenn.

Uziel, M. S. et al. 1989. Surface Radiological Investigations at the Equalization Basin
(3542) Sire, ORNL/RAP-54, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Webster, D. A. 1976. A Review of Hydrologic and Geologic Conditions Related to the

Radioactive Solid-Waste Burial Grounds ar Oak Ridge National Laboratory, Oak Ridge,
Tennessee, Open-File Report 76-727, U. S. Geological Survey, Washington, D. C.

RAWAGISCS\ROUR

000257
00471

£4f B

A W

=



4-102

Wiiliéms, J. K., C. Clark, and J. W. Crutcher 1987, Radiological and RCRA Hazardous .
Waste Scoping Survey of the Storage Pad Southwest of Building 3503, ORNL/RAP-4,
Oak Ridge National Laboratory, Oak Ridge, Tenn.

000258

RAWAG1SCS\FOUR | 0 0 4 7 2



WAG) st
3-68

REFERENCES FOR SECTION 3

Ashwood, T. L. etal. 1986. "An Experimental Approach to Determine Subsurface Leakage
from a Surface Impoundment Using a Radioactive Tracer,” Proceedings of the Focus
Conference on Sowheastern Groundwaser Issues, October 6-8, 1986, Tampa, Florida,
National Water Well Association, Dublin, Ohio.

Ashwood, T. L. 1988. Flow in Pipeline Trenches in the Main Plars Area (WAG 1) A Starus
Report on FY 1988 Acriviries, ORNL/RAP/LTR-88/54, ORNL, Oak Ridge, Tenn.

Autrey, J. W. et al.,, 1990. Sampling and Analysis of the Inactive Waste Storage Tanks
Conterus at ORNL, ORNL/ER-13, Oak Ridge National Laboratory, Oak Ridge Tenn.

Autrey, J. W. etal. 1992. Sempling and Analysis of the Inactive Waste Tanks TH-2, WC-1,
and WC-15, ORNL/ER-19, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Bates, L. D. 1983, Radioactive Solid Waste Storage and Disposal ar Oak Ridge Nazional
Laboratory; Descriprion and Safery Analysis, ORNL/TM-8201, Oak R:dgc Nauonal
Laboratory, Oak Ridge, Tenn.

Bates, L.D. 1992. "Annual Update of the Solid Waste Management Units List for the
Oak Ridge Reservation,” Letter ERP-T1/92-053, Martin Marietta Energy Systems, Oak
Ridge, Tenn.

Baughn, D. C. 1987. Preliminary Geohydrologic Site Characterizarion and Proposed Water
Quality Well Locations for WAG 4, WAG 5, WAG 3 and SWSA 1, ORNL/RAP/Sub-
86/72139/1, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Bedinger, M. S. 1989. Geohydrologic Aspects for Siting and Design of Low-Level
Radioactive-Waste Disposal, U. S. Geological Survey Circular 1034. :

Berry, J. B. and H. R. Yook 1987. Environmensal Restorarion and Facilities Upgrade,
Warer Pollurion Control Strategy, ORNL/TM-10343, Oak Ridge National Laboratory,
Oak Ridge, Tenn.

Binford, F. T. and S. D. Orfi 1979. The Intermediase-Level Liquid Waste System at the Oak
Ridge Narional Laboratory—Description and Safety Analysis, ORNL/TM-6959, Oak
Ridge National Laboratory, Oak Ridge Tenn.

Bittner, E. and R. B. Dreier 1990. "Core Fracture Analysis Applied to Groundwater Flow
Systemns: Chickamauga Group, Oak Ridge, Tennessee,® in Case Studies and Applied
Geology in the Southeastern U.S.; Georgia Dept. of Natural Resources, Environmental
Protection Division, Georgia Geol Survey Bul. 122; Denny Bearce and M:chacl
Neilson, editors. -

000259
;f | 00473

RAWAGISCS\SECTION)



3-69

Bloch, S. and R. M. Key 1981, Modes of Formarion of Anomalously High Radioactiviry in
Oil Field Brines, American Association of Petroleum Geologists, Geologic Notes.

BNI 1991. RCRA Facility Investigation Report for Waste Area Grouping 6 at Oak Ridge
Narional Laboratory, Oak Ridge, Tennessee, ES/ER-22/V1&DI1, ORNLIER/Sub
87/99053/5/V1, Oak Ridge, Tenn.

BNI 1992. Video Inspection Data Manual for Inacrive LLLW Storage Tanks ar Oak Ridge
Narional Laboratory, ORNL/ER/Sub/87-99053/45, Bechtel National, Inc., Oak Ridge,
Tenn,

Boegly, W. J., Jr. 1984. Sire Characterization Data for Solid Waste Siorage Area 6,
ORNL/TM-9442, Ozk Ridge National Laboratory, Oak Ridge, Tenn.

Boegly, W. J. et al. 1987. Environmental Dara Package for the Main Plan: Area (WAG 1),
ORNL/RAP-13, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Borders, D. M. et al. 1991. Annual Hydrologic Summary for the White Oak Creek
Warershed Wazer Year 1990 (October 1989-Seprember 1990), ORNL/ER-SS Oak Ridge
National Laboratory, Oak Ridge, Tenn.

Borders, D. M. 1992, D. M. Borders (Oak Ridge National Laboratory), personal

communication with Vefa Yucel (Bechtel National, Inc.), Oak Ridge, Tenn.

Braunstein, H. M. et al. 1984. An Investigation of the Concentration, Distribution, and
Inventory of Radionuclides in the Sediment of Process Waste System Basin 3524,
ORNL/TM-8682, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Burwinkle, T.W. 1987. The ORNL Surplue Facilities Maﬁagemem Program Maintenance
and Surveillance Plan, FY 1988-1997, ORNL/RAP-16, Oak Ridge National Laboratory,
Oak Ridge, Tenn.

Carroll, D. 1961. Soils and Rocks of the Oak Ridge Area, Tennessee, U. S. Geological
Survey, TEI-785 (Trace Element Investigations).

Cerling, T. E. and B. P. Spalding 1981, Areal Distribusion of Co-60, Cs-137, and Sr-90 in

Streambed Gravels of White Oak Creek Watershed, Oak Ridge, Tennessee, .

ORNL/TM-7318, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Chcn, G. L. et al, 1988, Simulasion of Groundwater Flow in a Pipeline Trench Nerwork
Using a 3-Dimensional Finite Elemers Model of Water Flow Through Saturated-
Unsaturated Media, 0RNL/RAP/LTR~88/4S Oak Ridge National Laboramry, Oak

Ridge, Tenn.

Coobs, J. K. and T. E. Myrick 1983. The ORNL Surplus Faciliries Managemens Program
Maintenance and Surveillance Plan for Fiscal Year 1984, ORNL/CF-83/56, Oak Ridge

National Laboratory, Oak Ridge, Tenn.

RAWAGISCS\SECTION? | O 0 47 4

000260



3-70

Davis, E. C. et al. 1984. Site Characterizarion Techniques Used ar a Low-Level Waste
Shallow Land Burial Field Demonsmrarion Facility, ORNL/TM-9146, Oak Ridge
National Laboratory, Oak Ridge, Tenn.

de Laguna, W. et al. 1968. Engineeﬁng Developmerns of Hydraulic Fracturing as a Method
for Permanent Disposal of Radioactive Wastes, ORNL-4259, Oak Ridge National
Laboratory, Oak Ridge, Tenn.

EPA 1984. RCRA 1984 Hazardous and Solid Waste Amendments (HSWA) Permir, Building
7652-Oak Ridge National Laboratory, EPA ID Number-TNI 890090003, Permit Number
HSWA TN 001, Department of Energy, Oak Ridge, Tennessee.

Fontaine, T. A. 1992. T. A. Fontaine (ORNL), personal communication with Vefa Yuce!
_(Bechtel National, Inc.), BNI CCN 016568, Oak Ridge, Tenn.

y,

Francis, C. W. and R. G. Stansfield 1986. Groundwarer Monitoring at Three Oak Ridge -

- Narional Laboratory Inactive Waste Impoundments, ORNL/TM-10193, Oak Ridge
% National Laboratory, Oak Ridge, Tenn.

Fricke, K. E. 1986. Seismic Analysis of the Underground Gunite Tanks ar the ORNL South
Tank Farm, X-OE-313, Ozk Ridge Gaseous Diffusion Plant, Oak Ridge, Tenn.

Geraghty and Miller, Inc. 1986. Monitoring Plan for Characterization of the Building 3019
Leak Site, ORNL/Sub/85-97368/1, Oak Ridge, Tenn.

Geraghty and Miller, Inc. 1990. Moniroring Plan for Ozaraaenzanan of the Bmldmg 3028
' Leak Site, 0RNUSub/85-97368/2 Oak Ridge, Tcnn

Gott, G. B. and J. W. Hill 1953. Radioactivity in Some Oil Fields of Southeastern Kansas,
U. S. Geological Survey Bulletin 988-E, pp. 69-122.

Grimsby, H. J. 1986. Idensificarion of Low-Level Waste Line Leak Sites ar Oak Ridge
Narional Laboratory, ORNL/RAP/LTR-86/8, Oak Ridge National Laboratory, Oak
Ridge, Tenn.

Horton, J. R. 1984. Preliminary Decommissioning Study Repbr:s. Volume 3: Low-Level
Liquid Waste (LLLW) Collection and Storage Tanks, X-0E-231, Oak Ridge National
Laboratory, Oak Ridge, Tenn.

Huang, S. F. et al. 1984. Preliminary Radiological Characterization of Fifieen Waste Tanks
ar Oak Ridge National Laboratory, ORNL/CF-84/203, Oak Ridge National Laboratory,
Oak Ridge, Tenn.

Huff, D. D. 1985. Dry-weather Dye Tracing Investigation—Groundwater Flow Pathways
from Line Break, RAP-85-6, Oak Ridge National Laboratory, Oak Ridge, Tenn. :

RAWAGQISCS\SECTIONS

00475 00261

PN



3-7

Hyde, L. D. 1986. 1986 Piczometer Well Insiallation at ORNL, ORNL/RAP/LTR-86/97,
Oak Ridge National Laboratory, Oak Ridge, Tenn.

Hyde, L. D. 1987. Warer Quality Monitoring Well Installation a1 ORNL, ORNL/RAP/
LTR-87/10, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Johnson, D. and T. Wagner 1991. WAG I Electromagneric Terrain Conducriviry and
Ground Magnesometer Survey, Technical Memorandum 01-03, Bechtel National, Inc.,
Oak Ridge, Tenn.

Ketelle, R. H. et al. 1986. 1986 Groundwater System Oxaraderization, ORNL/RAP/86-75,
Oak Ridge National Laboratory, Oak Ridge, Tenn.

Ketelle, R. H. and R. R. Lee 1992. Migrarion of a Groundwater Contaminanr Plume by
Straza-bound Flow in WAG 1 at Oak Ridge Narional Laboratory, Oak Ridge, Tennessee,
ORNL/ER-126, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Kitchings, J. T. and R. K. Owenby 1986. Applicabiliry of RCRA Part B Permining
Requirmenzs 10 ORNL's Surface Impoundmeras 3524, 3539, 3540, 7905, 7906, 7907,
and 7908, ORNL/RAP/LTR-86/43, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Lambe, T. W. and R. V. Whitman 1969 Soil Mechanics, John Wiley and Sons Inc., New-
York.

Lee, R. R. and R. H. Ketelle 1987, Srmn‘gfaphic Influence on Deep Groundwater Flow in
the Knox Group Copper Ridge Dolomite on the West Chesmut Ridge Site, ORNL/TM-
10479, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Lee, R. R. and R. H. Ketelle 1988. Subsurface Geology of the Chickamauga Group ar Oak
Ridge Narional Laborarory, ORNL/TM-10749, Oak Ridge National Laboratory, Oak
Ridge, Tenn.

Lietzke, D. A., S. Y. Lee, and T. Tamura 1986. Resource Managemen: Plan for the Oak
Ridge Reservation, Volume 20: Soil Conservation Plan for the Oak Ridge Reservation,
ORNLJ/ESH-1/V20, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Lozier, W. B. and R. Pearson 1987. Insrallation of Packers and Hydraulic Testing of
Coreholes CH-1 through CH-5, ORNL Plant Area, Volumes 1 and 2, ORNIJSubISG-
32136/3/V1&2, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Lumb, A. M. et al. 1990. Users Manual for ANNIE, A Computer Program for Interactive
Hydrologic Analyses and Data Management, U.S. Geological Survey, Water-Resources
Investigations Report 89-4080, Reston, Virginia.

MacFarlane, P. A. and L. R. 'Hathaway 1987. The Hydrogeology of Ground Waters from
the Lower Paleozoic Agquifers in the Tri-State Region of Kansas, Missouri, and
Oklahoma, Kansas Geological Survey, Ground-Water Series 9, p. 37. .

RAWAGISCSSECTIONS

00476 gpp262



3.72 |
MCI Consulting Engineers, Inc. and H&R Technical Associates, Inc. 1985. Liquid
. Low-Level Waste System Active Storage Tanks: Closure Plan, prepared for Oak Ridge
National Laboratory, Oak Ridge, Tenn

MCI Consulting Engineers, Inc. 1986. RCRA Monitoring Well Installarion Report—Surface
Impoundmerus 3524, 3539, 3540, 7905, 7906, 7907, 7908, Oak Ridge, Tenn
McMaster, W. M. 1967

“Hydrologic Data for the Oak Ridge Area, Tennessee," U. S
Geological Survey Water-Supply Paper 1839-N, Nashville, Tenn

McMaster, W. M. and H. D. Waller 1965. Grology and Soils of White Oak Creek Basin
Tennessee, ORNL/TM-1108, Oak Ridge National Laboratory, Oak Ridge, Tenn
| Melroy, L

L.:1986. 3019/3074 Wer Weather Dye Tracer Study, RAP 86-42, Oak Ridge
National Laboratory, Oak Ridge, Tenn.
Moneymaker 1981.

Satt Survey of Anderson Counry, Tennessee, U. S. Department of
Agriculture, Soil Conservation Service.

Moore, G. K., D. D. Huff, and R. H. Ketelle 1987. FY 1987 Piezometer Well Data

Summary, ORNL/RAP/LTR-87/80, Oak Ridge National Laboratory, Oak Ridge, Tenn
Moore, G. K. 1988.

Concepts of Groundwater Occurrence and Flow Near Oak Ridge
Narional Laboratory, Tennessee, ORNL/TM-10969, Oak Ridge National Laboramry,
Qak Ridge, Tenn.

Moore, G. K. 1989. Groundwater Parameters and Flow Systems Near Oak Ridge Narional
Laboratory, TM-11368, Oak Ridge National Laboratory, Oak Ridge, Tenn

Moore, G. K. and S. C. Young 1992. Hernsification of Groundwater-Producing Fractures
by Using an Electromagneric Borehole Flowmeter in Monitoring Wells on the Oak Ridge

Reservation, Oak Ridge, Tennessee, ORNL/ER-91, Oak Ridge National Laboratory, Oak
Ridge, Tenn.

Mortimore, J. A. 1987a. Groundwater Quality Monitoring Well Insvallation in WAG 1, Oak
Ridge Narional Laboratory, Oak Ridge, Tennessee, ORNL/RAP-47, Oak Ridge National
Laboratory, Oak Ridge, Tenn.

Tenn

Mortimore, J. A. 1987b. Piezometer Installation in WAG 1: The Main Plant Area, SWSA 1
and SWSA 2, ORNL/RAP/LTR-87/53, Oak Ridge National Laboratory, Oak Ridge,

Mynatt, F. R. and C. C. Webster 1963. An Analysis of the South Tank Farm and the
.Potensial Hazards Associated with Continued Use of the Tanks as Part of the

Insermediate-Level Liquid Waste Disposal System, ORNL/TM-604, Oak Rndge National
Laboratory, Oak Ridge, Tenn,

RAWAGISCSSECTIONS

o 00477

000263



3-73

Myrick, T. E. (undaied). The ORNL Surplus Faciliries Managemert Program Long Range.
Plan, ORNU’I‘M 8957, Oak Ridge National Laboratory, Oak Ridge, Tenn.

NOAA 1982. Application of Probable Precipitation Esrimates, United States East of the
105th Meridian, Hydrometeorological Report No. 52.

—

Nix, C. E. 1989. C. E. Nix (ORNL), personal communication with J. T. Kitchings
(ORNL), Oak Ridge, Tenn. (June).

e
Olsen, C. R. et al. 1983. Chemical, Geological, and Hydrological Factors Governing

Radionuclide Migration from a Formerly Used Seepage Trench: A Field Study,
ORNL/TM-8839, Oak Ridge National Laboratory, Oak Ridge, Tenn.

ORNL 1990. Conraminated Sites Sumvnary Sheets, Oak Ridge National Laboratory, Oak
Ridge, Tenn.

Peretz, F. J. et al. 1986. Characterizarion of Low-Level Liquid Wastes at the Oak Ridge
National Laboratory, ORNL/TM-10218, Oak Ridge National Laboratory, Oak Ridge,
Tenn.

Robinsbn, S. M. et al. 1991. Federal Faciliry Agreement Contingency, Upgrade, and,
Replacemen: Plans for the ORNL Active Low-Level Radioacrive Waste Tank System,
ORNL/TM-11795, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Rothschild, E. R. et al. 1984, Geohydrologic Characterization of Proposed SWSA 7,
ORNL/TM-9314, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Solomon, D. K. et al. 1989. Groundwater Monitoring in 1988 ar Three Oak Ridge National
Laborarory Inacrive Waste Impoundmenss, ORNL/TM-11022, Oak Ridge National
Laboratory, Oak Ridge, Tenn.

Stansfield, R. G., and C. W. Francis 1986a. Characerizarion Plan for the Waste Holding
Basin (3513 Impoundmens), ORNL/TM-9969, Oak Ridge National Laboratory,
Qak Ridge, Tenn.

Stansfield, R. G. and C. W. Francis 1986b. Characteristics of the 3513 Impoundmens,
ORNL/TM-9936, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Stockdale, P. B. 1951. Geological Conditions at the ORNL (X-10) Area Relevant 10 the
Disposal of Radioactive Waste, ORO-58, Oak Ridge, Tenn.

Stueber, A. M. et al. 1981. An Invesrigation of Radioactive Release from Solid Waste
Disposal Area 3, Oak Ridge Narional Laboratory, ORNL/TM-7323, Oak Rxdgc National
Laboratory, Oak Ridge, Tenn.

Taylor, F. G. 1986a. Inventory of ORNL Remedial Action Sites: Process Ponds, RAP/86-
14/R1, Oak Ridge National Laboratory, Oak Ridge, Tenn. ?
0047

RAWAG 1SCS\SECTIONS

' 000264



3-74

Taylor, F. G. 1986b. Invenrory of ORNL Remedial Action Sites: Radwaste Faciliies,
ORNL/RAP-86-22/R1, Oak Ridge National Laboratory, Oak Ridge Tenn.

Thomson, S. L. 1991. Radionuclide Invensory in the WAG 1 Inactive Tanks, ORNL RI/FS
Technical Bulletin 01-TB-018, Bechtel National, Inc., Oak Ridge, Tenn.

Trabalka, J. R. 1992, Memorandum (August 28) to Linda Kaiser (ORNL)," Inactive
Low-Level Liquid Waste Pipeline in Solid Waste Storage Area 1," BNI CCN 016469,
Oak Ridge, Tenn.

Webster, D. A. 1976. A Review of Hydrologic and Geologic Condirions Related 1o the
Radioactive Solid-Waste Burial Grounds ar Oak Ridge National Laboratory, Tennessee,
U. S..rGeological Survey Open File Report 76-727, Knoxville, Tenn,

Webster, D. A. and M. W. Bradley 1988. Hydrology of the Melton Valley Radioactive-
Wasre Burial Grounds at Oak Ridge Narional Laboratory, Oak Ridge, Tennessee, U.S.
Geological Survey Open-File Report 87-686, Knoxville, Tenn.

West, J. S. 1991. "LLLW Tank System Information,” Leuer to L. H. Stinton et al.
(January 31), Oak Ridge National Laboratory, Oak Ridge, Tenn.

Whitehead, L. 1992. Memorandum (August 31) to A. Day (Bechtel), "Comments on Site
Characterization Summary Report,” BNI CCN 016392, Oak Ridge, Tenn.

R:AWAGISCS\SECTIONS

00479 000265



0N0266

00450




NO ADDITIONAL INFORMATION IS AVAILABLE

000267



000268




WAG 1 Burial Grounds - Data Summary

Burial grounds at WAG 1 include SWSA 1, SWSA 2 (Site 4003), Buried Waste
at the Nonrad Water Treatment Site, Former Waste Pile Area, Abandoned Burn Pit,
and the West End Dump Site.

SWSA 1 is contaminated with unknown radionuclides and unidentified chemical
constituents. The presence of drummed waste is suspected on the basis geophysical
survey data and radiological contamination of groundwater exists near SWSA 1.

SWSA 2 is reported to contain no waste. However, geophysical surveys suggest the
presence of isolated metalic objects buried at the site.

Buried waste was discovered during construction activities at the Nonrad Water
Treatment Site. Excavated materials included general construction debris, glass
bottles, transite, carbon blocks, and metal shavings. Some lead-contaminated soil
was removed from the site. Personal reports suggest that additional buried waste

exists at the site,

The Former Waste Pile Area was used for disposal of waste from construction
operations and as a soil borrow area. Exact dimensions and capacity of this area
are not known. :

Little information is available for the West End Dumpsite and the Abandoned Burn
Pit sites. '
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DATA SUMMARY SHEET FOR WASTE AREA GROUPING 1

CW = Contaminated Surface Water

Notes:

1. Potential Risk Is for WAG 1 in general and not specific to the burial grounds

2. Waste inventory at the Abandoned Burn Pk is suspected, not confirmed.

CERCLA Status:
Potential Risk (note 1)
Waste Unit Unit | Size/ Waste Contaminant Hydrologic
Description Type | Status| Capacity | Ownership|Forms Inventory Releases Model Human Ecological
2
S 3| £
gl s S| &
REER
o € €
\ e £ ] o [
() o o s| £ 3| | 5 5 c g 5 3 5
gl El 2 o 8l al a8l 3l & F OE 3 & 3| &
SWSA 1 BW | |~1acre |EMEF sawss| X X |0|0|0|0| @ || @ @
SWSA 2 BW | |3.6acres |EMEF SAW/SB X |NM[@|@[0| Q@ | Q@ | @ @
West EndDump Site  |BW I [1o'xe |eMEF SawrsB X]10[O0O|O0|O|O| O
Abandoned Bum Pit BW I [NotAvalable |EMEF sawss| X X|]0[O0O|O0O|O|O| O
" |Former Waste Pile Area |BW I |1.58 acres |[EMEF SAWsB X|0|0O|@|0| @ | @ | © (")
Buried Waste at Nonrad
Water Treatment Site ~ |BW I |Not Avaiable [EMEF SAW/SB X|[O|0O|0O|0O|@| @
Unit Types: Statue: Ownership: Waste Forms: * Other:
B = Buliding A= Active (See G=Gas VOA
T = Tank T = Transkion Attachment 1) GW = Groundwater Metals Well Defined: @
R= Reactor I= Inactive SW = Surtace Water Partially Defined: @
P = Pipeline R = Remediated SD = Sediment Not Defined: O
DD = D&D Fadiiity SL = Sludge
BW = Burled Waste SS = Surtace Soll
I = Impoundment SB = Subsurtace Soll
CS = Contaminated Soll L = Liqukd
CG = Contaminated Groundwater SdW = Solid Waste
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Bethel Valley RI/FS Historical Data Review

Document Reviewed:
Form Completed by: ' oL SN
Date: 2 ] Doc ID: 152 D
Author/Date 2/ 4L )
A T

Commenls:

¢ty

Waste Waste Unit Sampling Sampling Analytical Declslon Quality or
WAG Description of Study Unht Characteristics Dates Media Locations | Protocol Fraction Rule(s) Confidence
General: Sampling Media: Sampling Protocol: Analytical Fraction: Decision Rule / Hypothesis
NA = Not Avdllable surface soli G =grab | = inorganics 1 = Source characteristics
NR = Not Researched subsurface soll $G =stormflow grab O = Organics 1A = design/operation
(blank) = Unknown surface water 8G = baseflow grab P = PCBs/Pesticides/Herbicides 18 =leachate
groundwater FC = flow composite GR = gross alpha/beta 1C = woste inventory
seep of spring SC = spatial compostte  ISO =isotopic rads 1D = waste unit hydrology
sediment V = verticol profile B/G = beta/gomma survey 1E = other FS information
waoste $§ = gife survey FLD = field measurements 2 = Current releases
blota 2A = shollow groundwater, seeps
' 2B = deep groundwater
Waste Unit Characterstics: Sampling Locations: Confidence: 2C = soll around waste units
typa? List specific locations if possible. H = High 2D = sediment
status? Otherwise, Indicate scope of sampling effort. M = Madium 2E = cummulative @ integration point
o size/capacity? L=low 3 = Current risk
& ownership? 4 = Modeling for future risk

GL30

3A/4A = human health risk
3B/48 = ecological risk
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Bethel Valley RI/FS Historical Data Review

Document Reviewed:

Form Completed by:
Date: Doc ID:
o Author/Date:
Comments:
Waste Waste Unit Sampling Sampling Analytical Decision Quality or
WAG Description of Study . Unit Characteristics Dates Media Locations | Protocol Fraction Rule(s) Confidence
/ Ot AASA | - > G2 L wets o~ 250 (2]
Hefas - Loy 152 L-
M el -/ 150 L -
General: Sampling Media: Sampling Protocol: Analyticatl FracHon; Dechislon Rule / Hypolhesls
NA = Not Avaliable surface sol! G =grab | = Inorganics | = Source characleristics
NR = Not Researched subsurface soll $G =stormflow grab O = Organlcs 1A = design/operation
{blank) = Unknown surface water BG = boseflow grab P = PCBs/PestIcides/Herbicides 1B = leachate
groundwater FC = flow composite GR = gross alpha/beta 1C = waste Inventory
seep of spiing SC = spatial composite 150 = Isotoplc rads 1D = waste unit hydrology
sediment V = vaerticadl profile B/G = beto/gamma survey 1E = othet F$ information
waste $ = dte survey FLD = field measurements 2 = Current releases
blota 2A = shollow groundwater, seeps
2B = deep groundwater
Waste Unlt Characteristics: Sampling Locations: Confidence: 2C = soll around waste units
typo? List spacific locotions If possible, H = High 20 = sediment
status? Otherwise, indicate scope of sampling effort. M = Medium 2E = cummulotive @ integration point
size/copacity? L=low 3 = Current risk
ownership? 4 = Modeling for future risk .

JA/4A = human health risk
38/4B = ecological risk
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Béthel Valley RI/FS Historical Data Review

Document Reviewed: S,é’ Aw,éﬂ._n 17 Cc ‘é"

Form Completed by: { AL .
Date: -7 9 Doc ID: 2. -39/, U
)y Z 5 Author/Date: [fabe , 2/97
Comments: AZ/ C/u,,vé&,\ 7‘4 1
Waste Waste Unit Sampling Sampling Analytical Decision Quality or
WAG Description of Study Unit Characteristics Dates Media Locations | Protocol Fraction Rule(s} Confidence
[ 1=Sea A/ EA/ VIurc tart, '
/4 SA4r— Ay “ S nt éﬁ
4 ¥ M P E'M I
YAV /A A2 -
. ~ ;
General: Sampling Media: Sampling Protocol: Analytical Fraction: Decision Rule / Hypothesis

= Not Available
NR = Not Resasdrched
{blank) = Unknown

Whaste Unit Characteristics:
type?

status?

size/capacity?

ownership?

surface soil
subsurface soil
surface water
groundwater
s6ep or spring
gediment
waste

biota

Sampling Locations:
List spacific locations if possible.
Otherwise, indicate scope of sampling effort.

G

%4
@

non o

BG

FC

sC

v
s

= grab

stormflow grab
baseflow grab
flow composite
spatisl composite
vertical profile

site survey

I = Inorganics

O = Organics

P = PCBs/Pesticides/Herbicides
GR = gross alpha/beta

ISO = isotopic rads

8/G = beta/gamma survey
FLD = field measurements

Confidence:
H = High
M = Medium
L = Low

II i

1 = Source characteristics
1A = designfoperation
1B = leachate
1C = waste inventory
1D = waste unit hydrology
1E = other FS information
2 = Current releases
2A = shallow groundwater, seeps
28 = deep groundwater
2C = goil around waste units
2D = sediment
2E = cummulative @ integration point
3 = Current risk
4 = Modeling for future risk
3A/4A = human health risk
3B/4B = ecological risk
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1992.

Remedial Investigation Work Plan for the Groundwater Operable Unit at Oak Ridge
National Laboratory, Oak Ridge, Tennessee, DOE/OR/01-1252&D1, March 1994.

Site Descriptions of the Environmental Restoration Units at Oak Ridge National
Laboratory, Oak Ridge, Tennessee, ORNL/ER-391, February 1997.

Surveillance and Maintenance Plan for Waste Area Groupings at Oak Ridge National
Laboratory, Oak Ridge, Tennessee, for FY 1993-2002, ORNL/ER-39, December 1992.

Annual Summary Report on the Surveillance and Maintenance Activities for the Oak Ridge
National Laboratory Environmental Restoration Program for Fiscal Year 1995,
ORNL/ER-345, November 1995. '

000281



000282



2-42

. . UNIT NAME: Solid Waste Storage Area (SWSA) 1 - (2624)
Unit Number:

Project Status: Remedial Investigation completed (Bechtel et al 1992)
Unit Location: SWSA 1 is located in Bethel Valley at the foot of Haw Ridge, and the closest edge is ~ 25.0 ft (7.6 m)
south of White Oak Creek. ORNL grid coordinates are N 20,980 ft and E 30,710 ft. (ORNL 19%0)

Approiimate Dimensions and Capacity: The site is triangular in shape and encompasses ~ 1 acre (0.4 ha). It is fenced
and grassed. (ORNL 1950)

Dates Operated: Site commissioned: 1943. Taken out of service: 1944, (ORNL 1990)
Present Function: Not in operation.

Life Cycle Operation: SWSA 1 was the first area used for burial of low-level solid wastes. (ORNL 1990).
Contaminated solid wastes were buried in SWSA 1 in trenches using earthen cover. {(Bechtel et al 1992)

Waste Characteristics: The burial ground is contaminated with unknown radionuclides and unidentified chemical
constituents. Only a small amount (2,000 - 4,000 Ci) of solid radioactive waste was buried in SWSA 1. (ORNL 1990)

In 1987 a surface radiological investigation of SWSA 1 was conducted by ORNL. Results from this survey show that
most of the surface gamma radiation of SWSA 1 is due to radiation emanating from nearby White Oak Creek.
Measurements of gamma levels determined that exposure rates at the surface were generally elevated above typical ORR
background values (13 uR/h), ranging from 20 to 200 uR/h. (ORNL 1990)

. Results of the 1992 WAG 1 Site Characterization Summary Report indicate elevated groundwater concentrations of
strontium-90, and radium-228, very low levels of plutonium-238/239/240, and cesium-137 in proximity to SWSA 1.
Soil samples were contaminated with CS-137 significantly above reference. (Bechtel et al 1992)

Release Data: The burial ground lies within the pathway of surface water drainage from Haw Ridge to White Oak
Creek, causing marshes to develop in the topographically low portions of the area following periods of heavy rains and
wet seasons, (Bechtel et al 1992). Groundwater movement in the area is to White Oak Creek and is, therefore,
monitored via the ORNL Stream Monitoring System. Monitoring activity in 1973 (when water samples were taken from
two monitoring wells and a surface seep) indicated a low concentration of Sr-90. In 1975, water samples were taken
from two wells and a surface seep and analyzed for Sr-90, Cs-137, and transuranic elements. The results from one well
indicated low concentrations of Sr-90 (9.4 dpm/mL}) and no indication of Cs-137 or transuranic elements. (ORNL 1990)

Site Status: CERCLA (ORNL 1990)
Media of Concern: Groundwater

Comments: This site was included in a CERCLA remedial investigation (Bechtel et al 1992) and will be remediated
in accordance with the FFA.

References:
Bechtel National, Inc./CH2M Hill/Ogden/Peer, September 1992. Site Characterization Summary Report for Waste
Area Grouping | at Oak Ridge National Laboratory, DOE/OR-1043/V| & 31, Oak Ridge, Tennessee.
FFA, effective date January 1, 1992, EPA, DOE and TDEC, Federal Facility Agreement for the Oak Ridge
Reservation, DOE/OR-1014, Appendix C (updated February 13, 1996), Oak Ridge, Tennessee.
Oak Ridge National Laboratory, September 1990. Contaminated Site Summary Sheet, Oak Ridge, Tennessee.
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A.1.1 Solid Waste Storage Area 1
1. SITE NAME: Solid Waste Storage Area 1 (2624),
2. LOCATION: SWSA 1 s located in BV at the foot of Haw Ridge, approximately 25 f

south of WOC and is bisected by the south portion of Third Street. ORNL grid
coordinates are N 20,980 and E 30,710.

w

SERVICE DATES: 1943 to 1944, with the earliest recorded waste burial being in April
and May 1943,

4. STATUS: Inactive; controlled by WMRAD (L. Holder, Jr.).
5. DESCRIPTION:

(a) Operating History—SWSA 1 began operating in 1943. Both auger holes and
trenches were reportedly used for waste burial. No records exist concerning what
was buried at SWSA 1 nor the exact locations where burial occurred. However, it
is suspected that only a relatively small amount of radioactivity (2000 to 4000 Ci) was
buried here since fissionable material was conserved during this period and ORNL
operations did not include isotope separation and concentration during its use. -

(b) Physical Description—The site is triangular in shape and encompasses approximately
1 acre. The portion south of Third Street slopes upward, while the northern section
is relatively flat and seasonally marshy. It appears that the specific location was
selected primarily on the basis of its proximity to the Laboratory with no
consideration of the potential of waste leaking into nearby WOC. Groundwater
occurs below the site at a comparatively shallow depth and, according to water table
contour maps, moves in the general direction of WOC. This water is monitored via
the ORNL Stream Monitoring System.

(c) Current Condition—The site is now grassed, surrounded by a barbed wire fence with
“Radiation Hazard—Keep Out” signs at regular intervals and does not show signs of
unusual erosion. No subsided trenches have been discovered at the site.

(d) Radiological Hazards—No surface contamination or radiation fields significant
enough to warrant a “‘contamination” or “radiation” zone, per the ORNL Health
Physics Manual, have been discovered at SWSA 1. The radionuclide inventory is

- reported to be in the range of 2000 to 4000 Ci, as discussed above.

6. SECURITY/PROTECTION SYSTEMS: Although located in BV, SWSA 1 is outside
the main ORNL complex. It is accessible via Lagoon Road and Third Street and during
nonworking hours is part of the ORNL limited access area. It is surrounded by a barbed -
wire fence with “Radiation Hazard—Keep Out” signs at regular intervals.

7. SURVEILLANCE ACTIVITIES: See Table A.1.1-1 for details of surveillance activities.

8 ROUTINE MAINTENANCE: See Table A 1.1-2 for details of maintenance activities.
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Table A.1.1-1. Survcillance activitics—SWSA 1

Staffing/
Activity Frequency Responsibility Documentation resource
, requirements
1. Routine site inspection Weekly WMRAD" S&M checklist® 200 whiy*
2. Radiological surveillance
(a) Surveys for grounds maintenance As required EHP Radiation Protection data 15 whiy*
base
(b) Routine radiation survey Semiannual -EHP Radiation Protection data 45 whiy
base
3. Groundwater well sampling Semiannual EHP Environmental Monitoring e
data base 3
4. Surface water monitoring Continuous EHP WOCC data bascf e
5. Security patrol Daily Lp¢ Duaily sceurity report e

*WMRAD = Waste Management and Remedial Action Division.
bS&M = surveillance and maintenance.

‘whfy = wotk-hours per year.

“EHP = Environmental and Health Protection.
“Costs are included in ORNL overhead charges. No WAG S&M funding is requircd.
fWOCC = Waste Operations Control Center.

SLP = Laboratory Protection.
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Table A.1.1-2. Maintenance activitics—SWSA 1

Activity Frequency

Responsibility

Documentation

Staffing/
resource
requirements

L

Routine maintenance
(a) Vegetation maintenance As required

(b) Fence/gate repaits As required

WMRAD/P&E"
WMRAD/P&E

S&M lop°

280 whyy!
50 whiy

“WMRAD = Waste Management and Remedial Action Division.

’P&E = Plant and Equipment.
*S&M = surveillance and maintenance.

“whfy = work-hours per year.
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UNIT NAME: Solid Waste Storage Area (SWSA) 2 - (4003)
Unit Number: 01.47

Project Status: Remedial Investigation Completed (Bechtel et al 1992)
Unit Location: SWSA 2 is located on the south side of a hill near the east entrance and main parking area of ORNL,
northwest of Building 4500. ORNL grid coordinates are N 22,420 ft and E 32,310 ft. (ORNL 1950)

Approximate Dimensions and Capacity: The disposal area is a rectangular area of ~3.6 acres (1.4 ha). It is currently
unfenced and has a grass cover. (ORNL 1990)

Dates Operated: Site commissioned: 1944, Taken out of service: 1946. (ORNL 1990)
Present Function: Not in operation.

Life Cycle Operation: The area was used for disposal of solid waste contaminated with beta or gamma activity, liquid
waste contaminated with plutonium in stainless steel drums, and alpha-contaminated material from off-site locations.
(Bechtel et al 1992)

Waste Characteristics: The burial site is reported to contain no waste. The burial waste and contaminated soil were
moved to another site (SWSA 3) some time after the site was closed in 1946. There have been unsubstantiated reports
that some wastes remain buried at the site. (Bechtel et al 1992)

Release Data: No significant migration of radionuclides has taken place from SWSA 2. Coring was conducted in 1976
-on the site as a part of subsurface investigations for a new building. Analysis of these samples indicated that the soil
and water from 23 locations around the site did not contain concentrations of tritium, gross beta, or gross alpha levels
that were significantly higher than background samples collected throughout eastern and central Tennessee. (ORNL
1990)

Site Status: CERCLA (ORNL 1990)
Media of Concern:

Comments: This site was included in a CERCLA remedial investigation (Bechtel et al 1992) and will be remediated
in accordance with the FFA. e

References:
Bechtel National, Inc./CH2M HilVOgden/Peer, September 1992, Site Characterization Summary Report for Waste
Area Grouping | at Oak Ridge National Laboratory, DOE/OR-1043/V1 & D1, Oak Ridge, Tennessee.
FFA, effective date January 1, 1992. EPA, DOE and TDEC, Federal Facility Agreement for the Oak Ridge
Reservation, DOE/OR-1014, Appendix C (updated February 13, 1996), Oak Ridge, Tennessee.
Oak Ridge National Laboratory, September 1990. Contaminated Site Summary Sheet, Oak Ridge, Tennessee.

Date Prepared: December 1996

Photo: 06_22.JPG; 06_23.JPG; 26_08.JPG
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A12 Solid Waste Storage Area 2

1.

2.

SITE NAME: Solid Waste Storage Area 2.

LQCATIC?N: SWSA 2 is located on the south side of a hill near the east entrance and
main parking area of the Laboratory, northwest of Bldg. 4500. 200 ft north of Central

"~ Avenue and 135 ft west of 5th Street. ORNL grid coordinates are N 22,500 and

E 32,500. An access road to a transformer station passes through the northwest corner
of the SWSA.

SERVICE DATES: 1944 1o 1946.

STATUS: Inactive; controlled by WMRAD (L. Holder, Jr.).
DESCRIPTION:

(a) Operating History—SWSA 2 was opened shortly after the closing of SWSA 1 in
1944. The area was selected because of its proximity to the OGR and processing
facilities to provide easier, all-weather access to the burial ground. There are no
available records documenting the quantity or type of waste disposed of in SWSA 2.
However, it has been established that beta- and gamma-contaminated solid waste was
placed in black iron drums and buried in trenches. In addition, liquid waste
contaminated with plutonium was placed in stainless steel drums and either buried
in trenches or stored above ground in a ravine in the denuded siope. SWSA 2 was
closed in 1946 when it was determined that it was not compatible with the long-range
land-use planning at ORNL. Following closure of SWSA 2, the stainless steel drums
containing the plutonium-contaminated liquid waste were removed and transferred
to SWSA 3, but the iron drums containing beta- and gamma-contaminated solid
waste had deteriorated. Because of this condition, the drums and surrounding soil
in SWSA 2 were removed and reburied in SWSA 3. Sometime during the period
19461949, the hillside of SWSA 2 was bulldozed, contoured, and seeded.

(b) Physical Description—The site is rectangular in shape, 300 ft x 650 ft (3.5 acres).

(c) Current Condition—The site is currently unfenced with a grass cover that has
stabilized the soil. To further reduce erosion, a contour ditch was installed to direct -
runoff from points above the burial ground around the hillside without crossing the

- trench area. Surface water runoff from within the site is carried by another ditch to
the storm sewer system.

(d) Radiological Hazards—In 1977, core samples were taken at various points in SWSA 2
and water samples taken from the core holes. Soil was analyzed for uranium,
plutonium, and *¥’Cs; the results indicated lower levels than samples collected in
1976 from 16 sites throughout eastern and central Tennessee. Likewise, water
samples that were analyzed for tritium, gross alpha, and gross beta activity had levels
not significantly different from background sampies.
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32

SECURITY/PROTECTION SYSTEMS: SWSA 2is within the ORNL BV secured area.
Because historical accounts and environmental sampling efforts confirm that waste buried
in SWSA 2 has been removed, no boundary fence or warning signs exist at this site.

SURVEILLANCE ACTIVITIES: No surveillance activities are conducted at SWSA 2

except routine monitoring well sampling and analysis as part of the ORNL/RAP WAG 1
monitoring effort funded by ORNL overhead. '

ROUTINE MAINTENANCE: Grass in a portion of SWSA 2 is kept mowed because
of an overhead power line. No additional site maintenance is required.

ANTICIPATED REPAIRSAMPROVEMENTS: SWSA 2 is not anticipated to require
any significant repairs or improvements.

COST AND SCHEDULE:

- (a) Annualized costs

None anticipated.
(b) Projected resource requirements

None anticipated.
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UNIT NAME: Former Waste Pile Area (South of NRWTP)

Unit Number: 01.38
Project Status: Remedial Investigation completed. (Bechtel et al 1997)

Unit Location: Directly south of the site of the Nonradiological Wastewater Treatment Plant Approximate ORNL grid -
coordinates are N 20,780 ft and E 31,250 ft. (ORNL 1990)

Approximate Dimensions and Capacity: Irregularly shaped area of ~1.58 acres. (Bechtel et al 1992)

Dates Operated: Unknown. {ORNL 19%0)

Present Function: Not in operation.

Life Cycle Operation: Apparently used for disposal of waste from construction operations and as a soil borrow area.
{Bechtel et al 1992). May be an extension of SWMU 01.57 Nonradiological Wastewater Treatment Plant Site. (ORNL
1990)

Waste Characteristics: Csonstruction trash and debris. (ORNL 1990)

Release Data: No releases reported. (ORNL 1990)

Site Status: CERCLA {ORNL 1990)

Media of Concern:

Comments: This site was included in a CERLCA remedial investigation (Bechtel et al 1992) and will be remediated
in accordance with the FFA,

References:
Bechtel National, Inc/CH2M Hl!l/OOden/Peer, September 1992, Site Characterization Summary Report for
Waste Area Grouping | at Oak Ridge National Laboratory, DOE/OR-1043/V] & D1, Oak Ridge, Tennessee.
FFA, effective date January 1, 1992. EPA, DOE and TDEC, Federal Facility Agreement for thé Oak Ridge
Reservation, DOE/OR-1014, Appendix C (updated February 13, 1996), Oak Ridge, Tennessee,
Oak Ridge National Laboratory, September 1990. Contaminated Site Summary Sheet, Oak Ridge, Tennessee.

Date Prepared: December 1996

Phote: 13_01.JPG; 13_02.JPG
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UNIT NAME: West End Dump Site
Unit Number: 0.61
Project Status: No planned activities.

Unit Location: Wooded area approximately 300 ft west of Building 1061. ORNL grid coordinates E 28180 ft and N
22330 ft. (ORNL 1990) »

Approximate Dimensions and Capacity: 10 ft by 8 ft. (ORNL 1990)

Dates Operated: Unknown, not active at present. (ORNL 1990)

Present Function: Not in use. (ORNL 1990)

Life Cycle Operation: Not applicable.

Waste Characteristics: This area has several mounds of debris‘ consistiné of: rusted drums, a garbage can, different
size drums (30 gal, 5 gal, etc.), tile, old porcelain fixtures, metal, galvanized, pipe, brick, possible tar buckets,
incandescent light bulbs (base only), and asbestos. Part of the area is flagged off with tape stating: CAUTION:
ASBESTOS - DO NOT ENTER. (ORNL 1990)

Release Data: Not applicable.

Site Status: RCRA (ORNL 1990)

Media of Concern: Surface water and groundwater. (ORNL 1990)

Comments: Reference for the information appearing on the Contaminated Site Summary Sheet is Surveillance Record,
Control Number ORNL-95-X11.

A request has been made to analvze the debris for radioactive materials, hazardous waste constituents and PCBs. (ORNL
1990)

References: .
FFA, effective date January 1, 1992. EPA, DOE and TDEC, Federal Facility Agreement for the Oak Ridge
Reservation, DOE/OR-1014, Appendix C (updated February 13, 1996), Oak Ridge, Tennessee.
Oak Ridge National Laboratory, September 1990, Contaminated Site Summary Sheet, Oak Ridge, Tennessee.

Date Prepared: December 1996

Photo: No Photo Available.
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UNIT NAME: Abandoned Bumn Pit
Unit Number: 0.01
Project Status: No)activity planned,

Unit Location: Located north of WAG 17 on Chestnut Ridge Road in the area of the Sanitary Waste Compactor.
ORNL grid coordinates N 23,100 ft and E 37,950 ft. (ORNL 1990) :

Approximate Dimensions and Capacity: No records of the exact dimensions exist. (ORNL 1990)
Dates Operated: Approximately 1959 - 1969. (ORNL 1990)
Present Function: Not in operation.

Life Cycle Operation: The site was used to burm combustible trash during early operation of the laboratory. The pit
where trash was burned has been backfilled. (ORNL 1990)

Waste Characteristics: Wood, refuse, and combustible construction debris were burned in the pit. However, no
records exist of the exact material burned. Reportedly, on two occasions laundry material contaminated with very low
levels of radioactivity were burned in the pit. (ORNL 1990)

Release Data: There are no documented releases of hazardous or radioactive materials. However, sampling surveys
reported elevated levels of Cd, Cu, Pb, and Zn. Cs-137 activity was detected at 5-15 times background.

(ORNL 1990)

Site Status: CERCLA

Media of Concern: Soil

Comments: Previously designated as unit number OS-1. The Sanitary Waste Compactor is currently located at the site.
(ORNL 1990) ‘

References:
FFA, effective date January 1, 1992, EPA, DOE and TDEC, Federal Facility Agreement for the Oak Ridge
Reservation, DOE/OR-1014, Appendix C (updated February 13, 1996), Oak Ridge, Tennessee.
Oak Ridge National Laboratory, September 1990. Contaminated Site Summary Sheet, Oak Ridge, Tennessee.
Date Prepared: December 1996

Photo: 12_13.JPG
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‘- . Chemical analysis of the sludge revealed barium at 693 mg/kg, cadmium at 26.4 mg/kg,
chromium at 272 mg/kg, lead at 262 mg/kg, mercury at 21.9 mg/kg, and nickel at 65.0
mg/kg. Section 4 describes these samples and reports the analytical results.

3.5.3 Burial Grounds

During early operations at ORNL (1943 to 1946), radioactive solid wastes were buried
at two sites within the WAG 1 boundary, SWSA 1 and SWSA 2. Another site (called the
former waste pile area) was used as a borrow pit and for disposal of noncontaminated
construction debris. The latter is included with WAG 1 although it lies just beyond the south
WAG 1 boundary, east of SWSA 1 (Fig. 3.5.3).

Geophysical surveys (Johnson and Wagner.1991) were performed in these areas in 1990
using electromagnetic (EM) terrain conductivity and ground magnetometer survey techniques
to collect information regarding buried waste that might be present at all three locations.
These surveys are discussed in Sect. 2.4, and the extent of the areas surveyed is shown in
Fig. 2.4.1.

3.5.3.1 SWSA 1

SWSA 1 is a triangular area of approximately 1 acre 25 ft south of WOC (Fig. 3.5.1).
In 1944, contaminated solid wastes were buried in SWSA 1 in trenches using earthen cover.
The area is fenced and covered with grass. The geophysical surveys indicated five discrete
. areas of possible buried solid wastes in SWSA 1, all of which were located by the
magnetometer survey and three of which were locatcd by both the magnetometer and EM
surveys (Fig. 3.5.14). Overhead power lines and the metal fence surrounding the area
interfered with data collection and may have masked additional areas of buried waste
_ (Johnson and Wagner 1991). The feature on Fig. 3.5.14 shown as "interpreted underground
" utility" (a straight line shown diagonally from southwest to southeast in the northwest portion
of the WAGQ) is believed to be an abandoned section of LLLW pxpclme that may have leaked
in the laxc 19503 (Trabalka 1992) L
1531 swsaz TR e e T
; 7 DOV 2194 snaarzy g defnig T3ineest 2 Tail dueain sébw Ll

R EA]

ey T SWSA2isa rectangular area of approximately™3.6 acres near. the castcm "entrance of
2 _KORNL,"adJaccnt to the main parking area’ (Fig=3.5.3).%:The area’ was used “from 1944 0 . -
..1946 to dlspose of contammawd ‘solid . waste “with : gamma and beta’ actmty?hqmd waste'

‘°\J P ity

el _dgorgammated mﬁg'plutomum in stainless steel'dnimis;‘and alpha-contammated matérial from ©
o 4 Off site.; The waste and- ‘contaminated soil reportedly were removed and rcbuned in SWSA 3
,.,,.somc umc aftcr “1946, salthough there have been unsubstantiated reports’ that”some waste
(mamly storage. tanks -and:vehicles) ‘remain buried at the site (Bates' 1983) ~The’ site was
" backfilled with clean soil and is covered with grass and unfenced (but it is within the greater
-- fenced and secured portion of the main plant area).” The geophysical survcys "indicated 17
dxscrcte anomalies, 9 of which correspond to locations marking a previous soil boring
" program (Fig. 3.5.15). Magnetometer data indicated ferrous metal at 15 of the locations,

and EM data identified the other 2 locations, neither of which correlated to the soil boring

. program. -

RAWAGISCS\SECTIONS

.'..»~ ' .. .
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3.5.3.3 Former waste pile area

The former waste pile area is an irregularly shaped area of approximately 1.58 acres
located south of the nonradiological wastewater treatment facility (Fig. 3.5.3). Interviews
with ORNL staff indicate that the site was used as both a soil borrow area and a disposal area
for construction debris (Nix 1989). Excavation for installation of a pipeline uncovered metal
and glass containers, transite (asbestos), and miscellaneous metal piping and scrap.

The geophysical (EM and magnetometer) surveys indicated four discrete anomalies
(Fig. 3.5.16). One location was influenced by a large steel culvert pipe on the surface within
the boundaries of the area; additional ferrous material may be buried east of the culvert pipe.
Three buried pipelines were indicated in the northern comer of the area, two trending
northwest to southeast, with another crossing the entire waste disposal area from southwest
to northeast. One of the suspected pipelines in the northern corner correlates with the
location of a double-walled, 2-in. stainless steel pipeline that connects tank W-33 near
Building 2531 with the Melton Valley tanks (Binford and Orfi 1979). The other pipelines
do not appear on the ORNL Atlas drawings (sheet 28).
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FACILITY CONTACT CHECKLIST

Unit Name: Buried Waste at Nonrad Water Treatment Site
SWMU Number: 1.57
Facility Manger/Contact: Jay Story, 574-8765
Bill Alexander, 574-8770
John Murphy, 576-7929
Robert Dean, 574-7951
David Drake, 241-3694
Brad Patton, 576-0603
Date: 3/31/97 - 4/7/97

Historic Use/Purpose:’ Waste was excavated during the construction of Building 3608 (Nonrad Waste
Water Treatment Facility,

Current Status: inactive
Facility Fate: unknown
Approximate Dimensions and Capacity: unknown

Dates Operated: Construction occurred between 1988 and 1990.

Waste Inventory/Characteristics: Undetermined quantities of metal shavings, carbon blocks, glass
bottles, empty mercury flasks, transite. ,

Known Releases: Soil sampling results showed lead contamination (analytical results may be available
through John Murphy. Contaminated soil was removed.

S&M Responsibilities: NA
Database availability/contact: NA

Comments: According to the sources contacted, it is suspected that not all of the buried waste has been
excavated. Additional material (transite) was discovered during installation of telephone lines in 1996 (
personal communication with W, Alexander). Also, the Former Waste Pile Area (SWMU 1.58) is thought
to be an extension of this area.
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2.3.3.5 USRADS soil sampling

The final phase of this investigation involved soil sampling at 41 locations representing
all 4 categories of sampling locations (see Appendix A for sampling locations). Samples
were collected in discrete 2-ft intervals using a muck-mounted drill rig, skid rig assembly,
or hand auger. Borings were drilled or augered to auger refusal, the water table, an
obstruction, or (in the case of hand augering) the practical limit of the method. Samples
collected from each 2-ft interval were analyzed for Target Compound List (TCL) VOCs,
radiclogical constituents, metals, base/neutral/acid-extractable (BNAE) constituents, pesticides
and polychlorinated biphenyls (PCBs), and cyanide.

Those samples collected with a drill rig or skid rig assembly were collected with a 2-ft
stainless steel split spoon sampler. Continuous 2-ft intervals were sampled with clean
samplers to auger refusal, and soil lithology and radiation field instrument readings were
recorded. '

Hand augering was necessary when underground pipelines or utilities were thought to
be present. The practical depth for most hand-augered boreholes was 6 to 8 ft. Samples
were collected in clean stainless steel buckets from continuous 2-ft intervals. Descriptions
of disturbed soil samples were recorded. Trip blanks, equipment rinsate samples, and
duplicate samples were taken in accordance with the RI/FS Project Quality Assurance Plan.

...2.4 SURFACE GEOPHYSICAL SURVEYS

;c2415mm

" Electromagnetic (EM) terrain conductivity -and ground magnctomctcr survcys were
2 pcrformcd at SWSA 1, SWSA 2, and the former waste pile area as part of the WAG 1 RI
t=2 (see Fig. 2.4.1). The ground magnetometer survcy detects buried ob_]e.cts contalmng ferrous
mz.mctal ‘and the EM:terrain conductmty survey Iocazcs low—dcnsxty areas of dxsmrbcd _soils
5 possibly eontainiing'biified wastes = Both' mcthods WEre uscd bccausc cach dctsqts'dxffcrcnt
physical properties;:which will :aid ‘in ideritifying -the “nanite ‘of the- wast.c ' Surv ey “data,
methods,  and résults are rcportzd in Johnson and Wagn:r (1991) survcy rcsults arc discussed
‘brigin’ mom "detail in Secf?3:5°6f this 1 rcport. “Raw ‘data are stored in the pro_;cct “environmental
v dad base 2 sins q{&mﬁm’*“ﬂ"w R SO T ARSI e -
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6.5 ADDITIONAL INFORMATION NEEDS AND UNCERTAINTIES

There are a number of areas where additional information would contribute to a better
understanding of the nature and extent of contamination or the fate and transport of
contaminants. Addressing these topics would contribute to developing remedial action plans.

6.5.1 Waste Unit Characterization

6.5.1.6 SWSA 1

The presence of drummed waste buried in SWSA 1 is suspected on the basis of
geophysical survey data. To support future remedial action decisions, sampling to identify
the presence and nature of these wastes should be considered. Additional sampling of
sediments and surface water in WOC would be useful in the characterization of potentia
releases of contamination from SWSA 1. There is also radiological contamination in
groundwater near SWSA 1. If contamination is leaching from SWSA 1, portions of it may
become strata-bound and migrate downdip (southward). A deep bedrock well south of
SWSA 1 on the slopes of Haw Ridge is needed to evaluate whether this is occurring.

6.5.1.7 SWSA 2

Anomalies detected during the geophysical survey of SWSA 2 suggest the presence of
isolated metallic objects. Some anomalies correspond to the sites of former drilling,
suggesting that drilling pipe remains in the hole. Other anomalies do not correlate with
former investigation locations and could indicate the presence of metallic wastes. A limited
invasive sampling effort should be considered because, in other respects, SWSA 2 is a
candidate for a "No-Further-Investigation” classification.

-
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6.3 NATURE AND EXTENT OF CONTAMINATION
6.3.1 Groundwater

Several general areas of contamination were identified on the basis of results of the
groundwater sampling program (see Fig. 4.3.26). Both radiological and chemical
contaminants were identified in groundwater, The primary radionuclides found in
- groundwater at WAG 1 are strontium and tritium. Radionuclides found less frequently
include radium-226/228, technetium-99, uranium-234, uranium-238, thorium-228/230/232,
plutonium-238 and plutonium-239/240, americium-241, cobalt-60, nickel-63, iron-55, and
cesium-137. Promethium-147 was also detected, but results are suspcct because of the
probable misidentification of this radionuclide.

There is evidence that strontium-90 is migrating from WAG 1 and seeping into First
Creek. There is also limited evidence that some of this same plume may be underflowing
First Creek and migrating westward. Other locations where groundwater may be impacting
surface water quality are near the surface impoundments and near SWSA 1. Additional data
are needed in these areas to confirm sources of contamination in surface water (see
Sect. 6.5).

The most widespread organic compounds found in groundwater at WAG 1 are TCE and
its degradation products 1,2-DCE and vinyl chloride. = Benzene, toluene, xylene, and
" ethylbenze were found associated with a buried petrolcum storage tank near the steam plant
(Building 2519). "This tank has since been removed. "The metals silver, cadmium,
chromium, lead, and mercury (one samp le) were detected at concentrations cxcccdmg MCLs
in unfiltered groundwat:r samples from wells within and outside of WAG 1.- Cadn'uum
chromium, and lead, in excess of their .Tespective MCI_s ‘tend to occur in the same’ wells.
-....Cadmium, the most widespread metal at elevated oonccntranons cxcccdcd the MCL at me
]argcst number of Iocauom th.roughout WAG 1 4 ' L

o SRy e r‘-.....--ﬁ,c S i o-“"nnt — .:— .
5 '-’?t:'{.zu )? .4:1..&J1 3@5
JS,’-..a;Mec“\ ol . :.,_
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.....,....-.-.... :

= Sy (‘s*mra“‘ﬂ»] ez Tt PO s ~--.¢.4- fgata o 3 #—

Bete A .. Both ‘man- madc and namrally occumng alpha—cmxmng radaonuchdcs wcrc dctcc.f.cd in :

iy, soxl samp!cs from WAG 1 Namrally ocmrrmg a]pha-crmtzcxs dctcctcd m::ludc thosc from,
m“’“"t]‘n: thorium series [thonum—232 thorium-228, ‘radium-224, and bismuth:213' (whxch cmrts
-+ - "3=:¢ “bothalpha and beta particles)], and the uranjum series (uranium-238 and -234, thorium-230,"
»,. .~ and radium-226).- Man-made alpha-¢mitters detected include americium-241 plutomum-238
f_,'.’. and plutomum-239f240 Most of the contammanon is found in the 3019 arca, NTF, STF,
lsotopc area, surfacc zmpoundmcnts ‘Buildings 3503/3504 storage -pad, “floodplain soils,
,SWSA 1 and vicinity, and the thorium tank farm. Beta-emitting radionuclides commonly
* found in s0ils include ccs:um~13‘7 strontium-90, and cobalt-60. A variety of other man-made
radionuclides exceed reference levels (e.g., technetium-99, europium-152/154/155, nickel-63,
calcium-45, and tritium) but were found less often and are not as widespread. Naturally
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' . occurring beta-emiters detscted above typical reference values include thorium-232/234 and
radium-228.

Contamination in soil included 20 VOCs, 39 BNAE:s, 7 pesticides, 2 PCBs, and cyanide.
PCBs were detected in samples from the CHOO8 location, which is the site of 2 former coal
storage area and near an associated former steam plant. Other borings that yielded samples
containing PCBs were near Building 3529, south of STF (two borings), the surface
impoundment (one boring), near the sewage impoundments, and along WOC and First Creek.
Dioxins, furans, and herbicides were not detected.

All metals analyzed were detected in soil samples. The concentrations varied widely,
possibly indicating both natural variability in the soils and the presence of contamination.
Concentrations of individual metals in the main plant area and the floodplain soils varied by
orders of magnitude. Metals that exceeded reference include beryllium, cadmium,
chromium, cobalt, and mercury. The two highest concentrations of mercury were from
samples near Building 3592 at a known mercury spill site; the third and fifth highest were
found in the WOC floodplain soil near the Fifth Creek confluence with WOC.

6.3.3 Surface Water

Both man-made and naturally occurring rédionuclidcs were detected during the Phase 1
investigation of WOC, First Creek, Fifth Creek, and Northwest Tributary. The most
frequently detected were strontium-90 and tritium.

. The highest concentrations of strontium were found in First Creek. Flux calculations
indicate that during the low base sampling event, approximately half of the strontium in the
WOC systemn above the 7500 bridge could be attributed to First Creek and Northwest :
Tributary. During the high base sampling event (including a storm episode), the total

- strontium loadings within First Creek and the rest of the WOC system increased but the
.- .relative amount of contamination’ contributed by First Creek and Northwest Tributary
declined to approximately 25% of the total amount. Evidently there was a strontium source

. that discharged greater quantities to WOC dunng high base and high base storm flow
conditions than during low base’ conditions. ~ Potential sources may include a number of
outfalls, SWSA' 1 runoff or leachate, leaking LLLW lines, contaminated groundwater
dxschargc from the main plant grca, or seepagc fmm thc 3513/3524 surfacc unpoundmcnts

o K IRV TR

. - uM co&(*‘m

~ M“nf - B
s o

| o ',,, i Rcsults of a’screcmng survey pcrfonncd in October 1991 mdncated that c]cvatcd gross .

_ -:zms ﬁbg:ta actmty, prcsumably strontium, crm:rs First Creck viaa secp ‘near thc contaa between

z.- . Chxckamauga Units ] D and E and two storm watcr outfalls (341 and 342) wcst of Buxldmg -
ﬁw ,,..-wv;h,‘ ,‘ . .._ ..'-.n.‘;‘; *..y ' . 4.»'-- -45‘:..?1 -

., y Tems e e Dows e .-\‘M LW
T e md AL B e s S -_,w-.-.‘ St - {» ot
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-
PR A '-‘-4 ,...-asw!g
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Conccntrainons of trmum ‘detected in surfacc water were Bclow thc SDWA MCL of
20 000 prlL Previous studies reported significantly hxghcr conccntranans at the 7500
" bridge G.e., up to 5§90,000 pCi/L), approxirmately 100 ft upstream of SW-6 in WOC. This
_suggests thax_thcrc is a potential for high variability in the amount of tritium in WOC.
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The highest concentration of cesium-137 was found in samples collected during low base
conditions at a location near the surface impoundment and SWSA 1. Cesium-137 was not
detected in filtered samples, indicating that it is transported through adsorption to suspended
sediments. Potential sources of cesium-137 include seepage from waste management units
along WOC (including the surface impoundments and SWSA 1), discharge from outfalls, and

~ erosion/suspension from bottom sediments and floodplain soils.

No metals were detected at concentrations exceeding their respective MCLs. No
organophosphorous pesticides, dioxins/furans, or chlorinated herbicides were detected in
surface water samples. Of the few VOCs and BNAEs detected, only the VOCs pyridine and
p-dioxane may be of concern, although they were detected in only one sample.

6.3.4 Sediment

Both man-made and naturally occurring radionuclides were detected in sediment samples
from WAG 1. Radionuclides associated with the natural uranium and thorium decay series
were detected at concentrations within reference ranges and are not considered site
contaminants. All man-made radionuclides, including the transuranics americium-241,
curium-242, and curium-243/244, were detected at concentrations exceeding reference levels,
indicating that these are site contaminants. Cesium-137 was the most frequently detected
man-made radionuclide in sediments. Sediment from three WOC locations between Third
Street and First Creek contained cesium-137 at concentrations 1 to 2 orders of magnitude
greater than reference concentrations.

VOC contamination in sediments was minimal. However, PAHs associated with coal
combustion and parking lot runoff were detected in samples throughout WOC and in Fifth
Creek. The metals cadmium, chrommm copper lead, and mercury were detected above
rcfcrcncc Icvcls - .

.. '\ t P T - e ® - - a- .
e N A M
FEPEEP- 9 Yo W TR DG T

’I‘hc conccmranons of mercury detected were comparabls to those rcportcd in prcvxous

- studies, although the maximum’. concentrations found in previous studies- at locations

::ui_associated with outfalls into Fifth Creek were not encountered. This difference’is likely due

to the selection of sampling locations and should not be viewed as an indication that the high

\~...concentrations of mercury detected in previous studies (e.g.; 4874 to 7427 ;zg/g near outfall
oy 2261, (Taylor, 19903) have dxss:pated . ,zpmr*n*v mu‘m Tembizs MgTen ST vl

euyred ot wF F PG S SO A
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N-651.6 swsa1

The presence of drummed waste buried in SWSA 1 is suspected on the basis of
geophysical survey data. To support future remedial action decisions, sampling to identify
the presence and nature of these wastes should be considered. Additional sampling of
sediments and surface water in WOC would be useful in the characterization of potential
releases of contamination from SWSA 1. There is also radiological contamination in
groundwater near SWSA 1. If contamination is leaching from SWSA 1, portions of it may
become strata-bound and migrate downdip (southward). A deep bedrock well south of
SWSA 1 on the slopes of Haw Ridge is needed to evaluate whether this is occurring.

«&*‘6.5.1.7 SWSA 2

Anomalies detected during the geophysical survey of SWSA 2 suggest the presence of
isolated metallic objects. Some anomalies correspond to the sites of former drilling,
suggesting that drilling pipe remains in the hole. Other anomalies do not correlate with
former investigation locations and could indicate the presence of metallic wastes. A limited
invasive sampling effort should be considered because, in other respects, SWSA 2 is a
candidate for a "No-Further-Investigation™ classification.
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. 6.5.2 Groundwater, Surface Water, Soil, and Sediment

M~ Surface water, sediment, and floodplain soil samples indicate that a significant amount -
of contaminant loading to WOC occurs in the vicinity of the impoundments and SWSA 1.
Potential sources of this contamination include seepage from the surface impoundments and
SWSA 1, outfalls, leaking waste or drain lines, and groundwater discharge. Additional
characterization, including detailed sampling of surface water and sediments, is needed to
further delineate the sources of contamination in this area.

A groundwater plume has been identified as extending from the corehole CHOO8 area
to First Creek and possibly as far west as piezometer 535. This plume was identified only
on the basis of CSL screening level analyses of groundwater and surface water samples,
which did not include determinations of specific isotopes, but rather measured broader
parameters (gross alpha and beta). Resampling of the First Creek seep location and
piezometer 550 is justified to confirm the nature of contamination in the plume. In addition,
flux rates of contaminated water from the plume into First Creck have not been computed.
Two to three piezometers should be installed near the First Creek seep location; these
piezometers and the seep should be sampled on a regular basis to provide data on the flux
of contamination into First Creek. Water level measurements should also be made regularly,
possibly using continuous water level recorders.

The depth and western extent of the plume (presumed to be predominantly strontium-90)
. also have not been determined. Additional multiport monitoring wells and piezometers would
. assist in defining the depth and extent of the plume. In addition, the source of the plume is
not known, additional wells near NTF and in the hilltop area are needed to identify the
source. _

. Contaminated sediments (mostly cesium-137 and mercury) were widely detected in
WOC, and the transport mechanisms for these sediments are not well understood. Because
these sediments represent potentially significant pathways for off-WAG migration to White

... Oak Lake, data on transport mechanisms and levels of contamination are needed to support
- future cvaluatlons of rcmcdxal altcmanvcs Numcrxca] modclmg of scdxmcnt transport would
,-——beuscful SRR AR e Do .;_.7 S

et r—-*-‘-“-—‘--A-»sngmﬁc:ant numbcr of surfacc ‘water” and sump samplcs cxcecded holdmg ‘time
cg;;-guldclmcs for mercury’ analysxs""Duc to the’ vo]anhty of mercury and its conﬁrmed prescncc -----
‘(' h m seduncnt samplcs 1t is possiblc thax reportzd conccntranons for surfacc watcr and sump

PP e 22

’-,. ...._..A ;.' o : ',_' -,. H o
L-“ — < 1L e - 1

= e cSngmﬁcam tadlologxcal conta:mnanon was dctcctcd in ﬂoodplam so:ls addxtnonal daxa
on the vertical and arcal extent of contamination are needed.to evaluate -the need for
remediation. Data on the erodibility of the floodplain soils and othez geotechnical parameters
~--are also needed to evaluate the need for and selection of remedial actions. - Numerical
modeling of surface water processes and the erosion and transport of the ﬂoodplam soils

. . would be useful. . _ ceee S
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At S‘WSA 1, fivc dnscrctc areas of poss:ble burxcd solld wastcs wcre idcrmﬁed on thc
basis of geophysical evidence. At SWSA 2, the geophysical surveys indicated 17 discrete
anomalies, 9 of which correspond to locations marking a previous soil boring program.
Magnetic data indicated the presence of ferrous metal at 15 of the locations, and EM data
identified the other 2 locations, neither of which correlated to the soil boring program.

The old LLLW piping system has been a significant potential source of contaminants,
and the interconnecting utility trench system has the potential to provide preferred pathways
for contaminant transport. The original LLLW system piping consists of single-walled,
stainless steel pipe; past leaks from these pipes are responsible for 23 SWMUs identified in

RAWAGISCS\SECTIONS
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SWSAs 1 and 2. The relatively complete set of historical data for many wells located in SWSA 1
indicates generally stable contaminant concentrations over time and between high and low base flow
groundwater conditions. Gross alpha and beta concentrations were found to be generally below reference
levels, and tritium values ranged between ~37 and 92 Bg/L. The higher tritium activities in bedrock
wells suggest the possibility of flow paths below the water table surface. In addition, several
radionuclides (®°Pu, **Pu, and "“‘Ra) detected in a piezometer may suggest westward migration of
contammants from SWSA 1 : : . S

’-‘ i -

: Groundwater samples collected from wells in SWSA 2 indicate that tritium contamination is prevalent |
throughout much of the area, with the highest concentrations occurring within and southwest of SWSA 2. .-
This finding suggests that contamination may be migrating southwestward from SWSA 2.- Slightly higher ...
gross alpha‘and beta detected in a downgradient piezometer. also suggests minor migration of th%e' -
contaminants.*: This is corroborated by the presence of radiological contamination in Fifth.Creek .
outfall 165, which serves a small segment of a storm sewer from Fifth Street.- Because no other source i
for the outfall 165 contamination is apparem ‘it is presumed to be coming from discharging groundwater :
- from SWSA 2.- Data from an adjacent pair of bedrock wells dnlled to depths of 6.1 and 24.4 m (‘20 and
80 ft) md:cate t.hat contammauon decreases wnh depth . R B
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NO ADDITIONAL INFORMATION IS AVAILABLE
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NO ADDITIONAL INFORMATION IS AVAILABLE
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’ . VII. ACTIVE FACILITIES

Many existing facilities within WAG 1 will remain part of on-going ORNL operations indefinitely
and are not included in the Bethel Valley RI/FS. This includes buildings and laboratories as well
as pipelines, tanks, and other areas (e.g. the garage and maintenance complex) that are part of the
ORNL infrastructure. All active facilities not currently in transition to the D&D program will be
excluded from consideration in the Bethel Valley RI/FS. In addition, certain inactive facilities
. which have already been remediated will also be excluded from consideration in the Bethel Valley
RUFS. For example, one site currently being remediated is the waste accumulation area at
building 1503—bottles of chemicals left over from past research activities and stored under a
laboratory hood. These chemicals and associated wastes are currently being removed for disposal.

Additional information on active facilities will be available at the Bethel Valley DQO meeting.
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