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EXECUTIVE SUMMARY

O This Executive Summary briefly describes the activities and results of the Resource
Conservation and Recove_'y Act (RCRA) Facility Invest:gadon (RFI) of Waste Area
Grouping 60NAG 6) at the U.S. Department of Energy's ('DOE) Oak Ridge National
Laboratory(ORNL).

ES.1 OVERVIEW

WAG 6 comprises a shallow land burial facility used for disposal of low-level
radioactive wastes (LLW) and, until recently, chemical wastes. As such, the site is subject
to regulation under RCRA and the Comprehensive EnvironmentalResponse Compensation
and Liability Act (CERCLA). To comply with these regulations, DOE, in conjunction with
the Environmental Protection Agency (EPA) and the Tennessee Department of Environment
and Conservation (TDEC), developed a strategy for closure and remediation of WAG 6 by
1997. A key component of this strategy was to complete an RFI by September 1991. The
primary objectives of the RFI were to evaluate the site's potential human health and
environmental impacts and to develop a preliminary list of alternatives to mitigate these
impacts.

1

The WAG 6 RFI evaluate,d ORNL's existing waste disposal records and sampling data
and performed the additional sampling and analysis necessary to: describe the nature and
extent of contamination; characterize key contaminant transport pathways; and assess

O potential risks to human health and the environment by developing and evaluatinghypothetical receptor scenarios. Estimated excess lifetime cancer risks as a result of
exposure to radionuclides and chemicals were quantified for each hypothetical human
receptor. For environmental receptors, potential impacts were qualitatively assessed.

Taking into account regulatory requirements and base line risk assessment results,
preliminary site closure and remediation objectives were identified, and a preliminary list of
alternatives for site closure and remediation was developed. Site objectives and alternatives
will be finalized in a Corrective Measures Study (CMS) Report to be completed by February
1992.

-_ ES.2 BACKGROUND

ORNL is one of three principal facilities on DOE's Oak Ridge Reservation (ORR)
- (Fig. ES. 1). ORNL is currently managed and operated for DOE by Martin Marietta Energy

Systems, Inc. (Energy Systems).
| WAG 6 comprises three solid waste management units (SWMUs). The largest is the 68-

i aere Solid Waste Storage Area 6 (SWSA 6), which is the current disposal area for solid LLW
at ORNL. Prior to May 1986, _treasof SWSA 6 also received hazardous chemical wastes,
including RCRA-listed wastes, which makes these areas subject to regulation under RCRA.

The other two WAG 6 SWMUs are the Emergency Waste Basin (EWB) and the Explosives

Detonation Trench (EDT). Constructed as an emergency holding basi__for liquid wastes

ES-1
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ES-2 O
' from the ORNL Main Plant Area, the 2-aere EWB has never been used for its intended

purpose but does contain water from groundwamr discharge and surface water runoff from
SWSA 6. The EDT was used to detonate explosives and shock-sensitive chemicals. It is no
longer used and has been backfilled.

As required by State of Tennessee hazardous waste regulations, ORNL has prepared a
RCRA Closure Plan for SWSA 6, which was approved by the State of Tennessee in
September 1988 (BNI 1988a). The SWSA 6 Closure Plan specified a series of activ :s
leading to final closure and corrective action, including an RFI. Because the ORNL SWM Us
have been grouped into WAGs, ORNL increased the scope of the RFI to formally encompas_
ali three WAG 6 SWMUs--the EWB avd the EDT in addition to SWSA 6.

EPA has recently listed the ORR (including ORNL) on the CERCLA National Priorities
List (NPL). Therefore, ORNL conducted the WAG 6 RFI in general conformity with both
RCRA and CERCLA guidelines and in accordance with requirements of the National
Environmental Policy Act.

ES.2.1 Site Description and History

SWSA 6 is the principal source of environmental contamination in WAG 6.
Approximately 19 acres of this 68-acre site have been used for waste disposal. It was opened
for limited disposal operations in 1969 and began full-scale operation in 1973. At SWSA 6,
LLW, chemical, biological, and mixed wastes have been disposed of in a variety of waste
disposal units, including unlined trenches and augerholes, silos, and tumulus waste disposal
pads (Fig. ES.2).

For most shipmentsof waste disposed of at SWSA 6, records generally include estimates
d of the radionuclides present and their respective activities at the time of disposal. Figure
" ES.3 illustrates the SWSA 6 disposal log inventory (in curies) by radionuclide and by unit
i type. Inventory records indicate that isotopes of europium account for approximately 80%

of the radioactivity at SWSA 6. These isotopes are associated with reactor control plates

l buried in the high-activity auger hole area. The europium is relatively well contained by the
l plates' aluminum cladding. (Europium isotopes were not detected in environmental samples.)

[ ES.2.2 Demography

i Because SWSA 6 is an active facility, ORNL workers (typically less than a dozen) are

on-WAG daily during the work week, WAG 6 is approximately 1 mile from the ORNL
Main Plant Area, where the majority of ORNL's approximately 5000 employees work.
Within 1/2 mile of the boundary of WAG 6, all land is federally owned and there are no
residents. Within a 1-mile boundary extension of WAG 6, there are approximately 25
residents, ali located to the southwest across the Clinch River. Within a 5-mile radius of
WAG 6, there are an estimated 580 residents.

@



O ES-3ES.3 PHYSICAL CHARACTERISTICS OF WAG 6

ES.3.1 Site Geology
i

The overall geology of WAG 6 is highly eomplex--a result of the original depositional

environment, severe andvariable structuraldeformation, variable degrees of weathering, andon-WAG activities such as cut and fill grading, trenching, and waste disposal operations.i
[ Because of this geologic complexity, it is unlikely that hydrogeologic processes can be
, characterized on a local scale with any certainty. Detailed characterization of flow paths

from a particular source to a well would be impracticablewithout intensive study of that
particular area.

ES.3.2 Groundwater Hydrology

The majoci_yof groundwater flow in the saturated zone is local rather than regional.
Groundwater"flows from recharge areas at higher elevations of WAG 6 and discharges to
intervening surface water drainages on-WAG and at the site boundary. United States
Geological Survey modeling indicates that 90 to 98% of groundwater flow at WAG 6 occurs
in the upper 50 to 100 ft of the aquifer, with virtually no flow occurring below 250 ft,
Geochemical analysis, age-dating, contaminantsampling, andhydraulic conductivity dataali
support the model results.

O Potentiometric mapping indicates that, to a depth of approximately 65 ft in the bedrock,
groundwaterflow on a large scale is generally in the directionof mappedhydraulic gradients.
On a smaller scale, flow is affected by the orientation,density, and degree of weathering and
fracturing. Testing indicates that bedrock aquifer well yields are generally too low (< 1
gpm) to encourage use as a potable water supply.

: Shallow subsurface storm flow is highly variable and discontinuous due to the extensive
removal or reworking of surficial soils and due to physical features such as waste disposal
trenches, the 49 Trench area French Drain, ICM caps, and numerous wells and piezorneters.

ti Transient storm flow paths are short from point of infiltration to discharge--generally along
J streams or seeps within WAG 6.F.

ES.3.3 Surface Water Hydrology

The four principal drainageways originating on WAG 6 are generally dry during summer .

i months except during storm events. Contributions to stream flow include surface runoff(overland flow, saturated overland flow, subsurface ,_tormflow) and base flow (groundwater

ii discharge). Hydrographs at the stream outlets at the site boundary exhibit storm peaks
| occurring within one hour of the peak intensity of the storm rainfall. This indicates that

overland flow and saturated overland flow dominate the storm hydrograph shape and the
storm volume.

• '
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ES.4 NATURE AND EXTENT OF CONTAMINATION

Data collected at WAG 6 clearly indicate that contaminants have been released from
source areas to the environment on-WAG, and that some of these contaminants are likely
migrating off-WAG. Table ES.1 lists radionuclides and chemicals detected at least once
during WAG 6 RFI sampling. Although many contaminants were detected in WAG 6
samples, most were detected only once or were detected at low concentrations. Tables 4.2
through 4.8 list ranges of concentrations detected for each contaminant, by media.

ES.4.1 On-WAG Contamination

RFI data indicated very little contamination of surface soils at WAG 6. This is
consistent with site waste disposal methods, in which wastes were buried beneath the surface,
mostly in trenches and auger holes. Contaminants released from these areas have produced
zones of contamination that lie between the soil cover and the top of bedrock. Sampling did
not indicate zones of gross soil contaminationaround the perimeter of waste disposal areas,
and the subsurface contamination decreases dramatically with depth. This trend is well
illustratedby the vertical concentration profile of tritium, which is by far the most ubiquitous
and mobile contaminant at WAG 6.

The RFI identified no temporal trends and no relationships between contaminant
concentrations and seasonal variations in the hydrogeologic system. Contaminant
concentrations show apparently random fluctuations from sampling event to sampling event.

RFI data indicated widespread contamination of shallow groundwater on-WAG, generally
at low concentrations. Within this shallow groundwater system, there are discernible areas
where particular contaminants predominate and there are other areas where contaminant
concentrations are particularly elevated. However, the complex hyd_::geology of WAG 6
renders the precise delineation of plumes impracticable. Contami_ant transport along
fractures means that contamination detected in a given monitoring well may not be detected
at ali in adjacent wells. Should groundwater collection be considered as part of remediation,
interceptor trenches rather than wells would be most effective.

ES.4.20ff..WAG Migration Patterns

The primary media by which contaminants are transported off-WAG are groundwater
and surface water. Figure ES.4 and associated Table ES..2 identify areas of the site
perimeter where off-WAG migration of radionuclides is most likely. Figure ES.5 and
Table ES.3 present the same information for chemicals. Detailed discussion of contaminant
migration is provided in Sect. 4.

ES.5 FATE AND TRANSPORT

Contaminant fate m_dtransport modeling was conducted to support the base line human
health evaluation madto aid in developing remedial alternatives. The base line human health
evaluation considered hypothetical present day and future on-WAG and off-WAG receptors.
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O For on-WAG receptors, predictions of contaminant concentrations in groundwater, surface
water, sediment, soil, and air were required. For predictions regarding the off-WAG
receptor, an estimate of contaminant flux via surface water to White Oak Lake was required.
This flux was used to calculate a resulting contaminant concentration downstream in the
Clinch River (where the off-WAG receptor was assumed to be located).

Modeling to predict future variations in concentrations and fluxes was performed only
for radionuclides. Such modeling was not appropriate for hazardous chemicals detected at
the site because inventory information for chemicals does not exist. However, fluxes
representing current conditions were computed.

Water was identified as the major transport mechanism for off-WAG migration of
contaminants, with most radionuclide flux occurring via surface water. In groundwater,
tritium, cobalt-60, strontium-90, and cesium-137 were predicted to occur in most of the wells
in WAG 6. (These radionuclides were detected in a number of locations during the RFI.)
Peak future concentrations of these radionuclides in groundwater were predicted to be within
two orders of mzgnitude of present-day concentrations. Europium and uranium were
predicted to first occur in groundwater in years 1998 and 2025, respectively.

Air modeling, which was performed conservatively, indicated that the air pathway
contributed negligible amounts of exposure-point concentrations of contaminants on-WAG

O and off-WAG.
ES.6 BASE LINE HUMAN HEALTH EVALUATION

As pan of the RFI, a base line risk assessment was performed to assess potential impacts
contaminants at WAG 6 would have on human health and the environment if no remedial

actions were taken. The base line risk assessment comprises a base line human health
evaluation (described below) and a base line environmental evaluation (Sect. ES.7).

The methodology for the human health evaluation involved: selecting potential
contaminants of concern; identifying receptor scenarios and associated exposure pathways;
estimating representative contaminant concentrations at receptor locations; collecting toxicity
information; and finally, estimating risks for each receptor. Hypothetical receptors and
associated risks are summarized below.

ES.6.1 Exposure Assessment

Two hypothetical scenarios were assumed for WAG 6--a no action scenario and an
institutional control scenario. Each is described below.

ES.6.1.1 No action scenario

The no action scenario assumed that DOE's current access restrictions for the site

O become ineffective immediately. Site fencing, warning signs, patrols, and institutionalcontrols are assumed to disappear. This scenario is highly unlikely--if not impossible.
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However, evaluation of a no action scenario is required under Section 300.430(e)(6) of the
National Contingency Plan. In accordance with CERCLA methodology, when risks
associated w!lth a no action scenario prove unacceptable, then the need for remedial action
is established.

For the !WAG6 no action scenario, risks were evaluated for a hypothetical receptorwho
homesteads on-WAG over the next 30 years. Risks for the homesteader were evaluated for
ct,ntaminant concentrations representing an average for the entire site and concentrations
representing an average for the high-activity auger hole area. This 2-acre area contains
greater than 85% of the WAG's radioactivity and represents an upper bound for exposure
to radionuclides.

It is emphasized that the no action scenario is not a realistic scenario and was evaluated
solely to define a base line against which to compare alternatives for site closure and
remediation. The location of WAG 6 on the U.S. government-owned ORR, its proximity
to an operating facility (ORNL), and the existence of site fencing and security patrols, all
make it highly unlikely that a member of the public could occupy the site and remain
undetected.

ES.6.1.2 Institutional Control Scenario

The institutional control scenario assumed that DOE would coutinue to use WAG 6 as
an LLW disposal site for the next 10 years and that this operational period would be followed
by a 100-year institutional control period. This scenario corresponds to DOE's operational
and institutional control plans for WAG 6 for the next 110 years with the exception that, for
assessment purposes only, the scenario assumed that DOE would not perform site closure or
remediation other than to maintain the existing soil cover and vegetation over the disposal
units.

For the institutionalcontrol scenario, risks were evaluated for hypothetical receptors for
two different periods. For the next 3G-year period (1990-2020), four receptors were
evaluated--one an occupational-risk receptor (an ORNL employee) and the remaining three

: public-risk receptors (a hunter, a boundary receptor, and an off-WAG homesteader resident
downstream along the Clinch River.)

For the period corresponding to the release of institutional controls and other access
restrictions in 2100, an on-WAG homesteader was evaluated.

, Associated with each hypothetical receptor were a variety of pathways by which that
individual could potentially be exposed. Exposure pathways evaluated are identified in Fig.
ES.6.

, •
I

i
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O ES,6.2 Risk Characterization Results

ES.6.2.1 Carcinogenic Risks

Excess lifetime cancer risk was quantified for radionuclides and chemicals of concern.
Excess lifetime cancer risk is the probabilitythat an individualwill develop cancer as a result
of exposure to the carcinogen(s) being evaluated. For convenience, this probability is
typically presented in exponential notation. For example, a risk of 0.000002 (or 2 in

l 1,000,000) is represented as 2 x 10"6. Fig. ES.7 summarizes results for each receptor
evaluated. For radionuclides, radiationdose was also computed separatelyfor each receptor,
these results are summarized in Table ES.4.

As illustrated in Fig. ES.7, under the toxicological and exposure assumptions used in
the evaluation, the lower limit of EPA's targetrange for risk to the pubhc (10.6 to 10"4)was
exceeded for the following receptors:

= No action scenario

- On-WAG homesteader (1990-2020)

• Institutionalcontrol scenario
- On-WAG ORNL employee (1990-2020)
- Off-WAG (Clinch River) homesteader (1990-2020)

O - On-WAG homesteader (2100-2130)

Risks to these receptors are briefly discussed in the following paragraphs.

ES.6.2.1.1 Receptor for No Action Scenario

: On-WAG homesteader (1990-2020). The estimated radionuclide and chemical risks
: for the hypothetical on-WAG adult homestead receptor evaluated for site average
' concentrations were 1 (unity) and 3 x 10-4respectively. Because these risks exceed the upper

limit of EPA's target risk range, the need for continued DOE control of the site has been

demonstrated.

| Ninety nine percent of the radiological risk was associated with external exposure, with

the majority of the dose resulting from isotopes of europium associated with the reactorcontrol plates disposed in the high activity auger hole area. Although the computed

radionuclide risks and doses were high, they were almost exclusivel 3)the result of worst case 'assumptions regarding the homesteader excavating deep into the wastes and spreading the

waste across the ground surface. If the homesteader did not exhume wastes, estimated
radionuclide risk would be orders of magnitude less (9 x 103).

The majority of the chemical risk was due to ingestion of groundwater and inhalation
of water vapor while showering. Vinyl chloride, carbon tetrachloride, and trichloroethene

el were the predominant contributors to the groundwater risk.
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ES.6.2.1.2 Receptors for Institutional Control Scenario

Employee (1990-2020). The estimated radionuclide risk for the hypothetical
maintenance worker receptor was 10"3, This risk was almost exclusively attributableto a
hypothetical external radiation dose of 2 rem accumulated over 30 years. Although risk to
the employee exceeded the upper limit of EPA's target risk range, dose to the employee was
well below the 5 reins per year recommended in federal guidance for maximum occupational
exposure. The estimate is conservative due to the assumptionthatthe worker spends 8 hours
a day for 30 years working directly over SWSA 6 waste disposal areas,

L

Off-WAG homesteader (1990-2020). The estimatedradionucliderisk for the off-WAG
homesteader was 6 x 10'5, This risk was primarily a result of external exposure from decay
of cobaJt-60 and cesium-137 that were assumed to accumulate in soils as a result of crop

itTigationover a p6eriodof decades. The risk contributionfrom assumed ingestion of surface
water was 3x 10" . Because heavy irrigation is highly unlikely given the abundant rainfall
in the region, and because a homesteader is more likely to use groundwater as a drinking
water source ratherthan untreatedsurface water, this scenario is very conservative.

On-WAG homesteader (2100-2120). The estimatedradionuclide risk for the future on-
WAG receptor evaluated for site average concentrations was 3 x 10"1, As described for the
no action scenario homesteader, the majority of the radionuclide risk was associated with
external exposureresultingfrom conservative scenario assumptions, Estimated chemical
risks were the same as for the no action scenario homesteader due to the assumption of
steady state conditions for chemicals. Because risks exceed EPA's targetrisk range, the need
for remedial actions effective beyond ths year 2100 has been demonstrated.

ES.6.2.2 Noncarcinogenic Risks

The potential for noncarcinogcnic effects on health was evaluated by comparing an
exposure level with a reference dose, This ratio of exposure to toxicity is called a hazard
quotient. If t_hehazard quotient exceeds one, then the pote,nttal exists for noncarcinogenic
effects. Noncarcinogenic risks are summarized in Fig, ES.8.

Of ali the receptors evaluated, the critical effect specific hazard index exceeded one for
only the on-WAG homesteader receptors. The target organ of greatest concern for these
effects was the liver. These results support the demonstrated need for continued DOE
control of the site.

ES.7 BASE LINE ENVIRONMENTAL EVALUATION

"lhc base line environmental evaluation was the second component of the base line risk
assessment, The purpose of the evaluation was to assess potential risks to the environment
from selected contaminants at WAG 6.

Field surveys conducted to support this evaluation indicated the fbllowing: No rare plant Q
species are present in SWSA 6. SWSA 6 stream drainages contain essentially no wetl_:nd
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Q community development, No threatened or endangered bird or mammal species listed by the
U,S, Fish and Wtldllfe Servtces are present at WAG 6, SWSA 6 streams contain no
Invertebrate spectes ltsted as threatened or endangered by the State of Tennessee or the U,S,
Ftsh and Wlldltfe Service, One of the streams lacks adequate habitat for fish; the other has
habitat suitable for native minnows, but none were found durtng an electroshocklng survey,
During a survey of the EWB, five bass were collected,

ES.7.1 Methodology
i

Large areas of,WAG 6 have been cleared for waste disposal such that very little natural
wildlife habitat remains, Wildlife that might be expected to occupy cleared land is
discouraged by regular mowing and maintenance and by the frequent traffic associated wtth
ongotng site operations, To assess potential environmental impacts under a no action
scenario, hypothetical target species were selected, For each spectes, Impacts were
qualitatively addressed to the extent feasible given the available data,

The target species selected were the tulip poplar, representing terrestrial flora; the white-
tailed deer, red-tailed hawk, and raccoon, representing terrestrial fauna; bluegills and fathead
minnows, representing aquattc vertebrates; and benthic macrotnvertebrates representing
aquatic Invertebrates,

O ES.7.2 Potential Impacts
ES.7.2.1 Terrestrial flora

The evaluation indicated that terrestrial flora (tulip poplar tree) would uptake
contaminants, In particular, strontium-90, The combined high levels of strontium-90 in

/, groundwater, surface water, and soils may cause toxic effects on vegetation growing in areas

i of these concentrations, WAG 6 soils may be marginally phytotoxic due to cadmium, andchromium may accumulate in the roots of vegetation but should not cause effects in plant
foliage,

i ES.7.2.2 Terrestrial fauna i

Deer can ingest strontium-90 from contaminated vegetation, as was evidenced at

SWSA 5, where contaminant levels In honeysuckle and blackberry were sufficiently high that
strontium-90 levels in the bone of a 45-kg deer could easily exceed the confiscation limit of

30 pCl/g ii' the deer browsed on such contaminated vegetation for a period of 1 week to '1 year (Garten and Lomax 1987), As part of the Biological Monitoring and Abatement
Program, Loaf et al, (1988) found that ali field-collected mammals from SWSA 4 and the
WOC floodplain had detectable levels of strontium-90 in bone tissue. Because of the large
inventory of strontium-90 at WAG 6, spectes from the lower troptc levels such as voles,
shrews, and rabbits may suffer adverse effects themselves, bloconcentrate strontium-90 tn
their bone tissue, and subsequently cause adverse effects in the red-tailed hawk and raccoon 0

O that prey upon them,
4
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Cadmium levels in surface water exceeded the SDWA MCL and the suggested

standard from the U,S. Fish and Wildlife Service. This metal is also known to
bioconcenu'ate in liver and kidney tissues of shrews by factors ranging from 15 to 33 times
the levels found in the soil, Not only can cadmium adversely affect the soft tissue of shrews
but also those of the red-tailed hawks that prey upon them, The greatest potential for adverse
effects to raccoons is through ingestion of contaminated surface water by the raccoons
themselves and by voles upon which they prey and from ingestion of contaminated aquatic
organisms, Although cadmium is taken up by plants when the soils are acidic, ingestion of
vegetation is not expected to be a major source of contamination to the deer, Incidental
ingestion of soil may provide an additional pathway,

ES.7.2.3 Aquatic environment

Although no fish were collected trom streams in WAG 6 during surveys in 1990,
Drainage FA does provide adequate habitatfor native minnows and could, therefore, support
fish populations that could potentially be impactedby contaminants from WAG 6 under a no
action scenario. Cadmium and copper exceed both the acute and chronic ambient water
quality criteria for protection of aquatic organisms. The maximum concentration of
strontium-90 detected in surface water at WAG 6 was 10,222 pCl/L.

ES.8 PRELIMINARY DEVELOPMENT AND SCREENING OF ALTERNATIVES

As specified in the SWSA 6 closure plan, DOE/ORNL is conducting a CMS to dev.:)op
and evaluate alternatives for site closure and remediation. This section briefly summarizes
the preliminary development of alternatives; the alternatives listed here will be defined and
evaluated in detail in the CMS. Alternatives were developed consistent with CERCLA,
RCRA, and NEPA guidance and requirernents.

ES.8.1 Remedial Action Objectives

The general goal of WAG 6 closure and remedial action is to protect human health and
the environment by closing the site to segregate wastes from the environment for as long as
the wastes remain a threat and by remedlatlng unacceptable levels of environmental
contamination. Based on (1) this general goal, (2) the nature ,andextent of contamination,
and (3) the results of the base line risk assessment, tt is concluded that closure and remedial
action at WAG 6 are required for source areas and groundwater, respectively. Specific
remedial objectives for each of these waste media are:

i

* Sources: protect public health and the _nvtrontnent by limiting direct contact/emissions,
surface runoff, and leachate generation from on-WAG sources and associated
contaminated leachate and soil.

• Groundwater: protect public health and the environment by controlling the migration
of contaminants off-WAG and by protecting against future use of contaminated
groundwater on-WAG. U
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O ES.8.2 Closure and Corrective Action Alternatives

Using the methodology recommended in EPA's Guidance for Conducting Remedial
, investigation and Feasibility Studies Under CERCLA (EPA 1988a), a range of seven

alternatives was developed for addressing source areas and groundwater, The alternatives,
which were developed to span a range of cost and permanence, are summarized in Table
ES.5,

! ES.9 SUMMARY AND CONCLUSIONS
|

As a key component of DOE's strategy for closure and remediation of WAG 6 under
RCRA and CERCLA, an RFI was completed to evaluate potential human health and
environmental impacts of the site, and to develop a preliminary list of alternatives to mitigate
these impacts,

Physical characteristics and the nature and extent of contamination were evaluated to
develop a conceptual model of the site, Using contaminant data and the site conceptual
model as a basis, potential risks to human health and the environment were assessed through
development and evaluation of hypothetical receptor scenarios.

Rtsks computed for a no action scenario on-WAG homesteader exceeded EPA's target

O risk range of 1 x 10-6 to 1 x 10"4, and therefore demonstrated the need for continued sitecontrols and continued progress toward site closure and remedial action.

For the institutional control scenario, which assumes DOE maintains and controls access
to the site for 110 years, risks computed for receptors representing potential current public
exposures did not exceed the upper limit of EPA's target risk range. The risk computed for
the hypothetical off-WAG (Clinch River) receptor fell within the range; however, due to

; conservative, worst-case scenario assumptions, this estimate alone should not be used as the
basis for actions beyond those already inherent in the scenario (e.g., access restrictions, site
maintenance).

Computed risks for the hypothetical institutional control homesteader who moves

on-WAG following the release of site controls in 2100 exceeded EPA's target risk range.This demonstrated the need for site closure and remedial actions that are effective beyond the

year 2100.
4

I

For both the no action and institutional control homesteader scenarios, computationsshowed that the majority of the risk was due to isotopes of europium associated with reactor
control plates disposed of in a relatively small area of the ,.ire. If these control plates were
removed, risks would be substantially reduced. I!gwever, risks associated with remaining
radionuclides, which are more broadly distributed, still were predicted to exceed EPA's
target risk range. Consequently, remedial action beyond removal of the control plates still
would be required.

0
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Baseduponregulatoryrequirements,thenatureandextentofcontamination,andresults

of'thebaselineriskassessment,sourceareasandgroundwaterwereidentifiedasmediathat
mustbeaddressedintheCMS, Sevenalternatives(includinganoactionalternative)were
developedtoaddresspreliminaryremedialactionobjectivesestablishedforthesewaste
media.
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Table ES.1. Summary of contaminants detecteda

Analyte CAS Groundwater Surface Sediment Soil
number water

Volatile Organic Compounds
1,1,2,2-Tetrachlomethane 79-34-5 Sz' S ..c ..

1,1,1-Triehloroethane , 71-55-6 S S ....

1,1,2-Triehloroethane 79-00-5 S .... '-

1, l-Diehloroethane 75-34-3 S S -, --

1,1-Diehloroethene 75-35'4 S S -- Ra

1,2-Diehloroethane 107-06-2 S S ....

1,2-Diehloroethene 540-59-0 S S S S

1,2-Diehloropropav- 78-87-5 .... S --

1,3-Diehloropropene 10061-01-5 .... S --

1,4-Dioxane 123-91-1 S ......

2-Butanone 78-93-3 S S S S/R

2-Hexanone 591-78-6 -- S -- S

4-Methyl-2-Pentanone 108-10-1 R S ....

Acetone 67-64-1 S/R S S S

O Benzene 71-43-2 S S R
Carbon Disulfde 75-15-0 S/R S -- S

Carbon Tetrachloride 56_23-5 S ......

Chlorobenzene 108-90-7 -- S -- S

Chloroethane 75-00-3 S ......

Chloroform 67-66-3 S S S S/R

Chloromethane 74-87-3 S ......

Dichlorodifluoro methane 75-71-8 -- S ....

Ethylbenzene 100-41-4 S/R .... S

Isobutyl Alcohol 78-83-1 .... S --

Methylene Bromide 74-95-3 .... S --

Methylene Chloride 75-09-2 S/R -- S/R S/R

Styrene 100-42-5 .... S --
Tetrachloroethene 127-18-4 S S S S

Toluene 108-88-3 S S S S/R

Triehloroethene 71-55-6 S S S S/R

Trichlorofluoromethane 75- 69-4 S -- S R

Vinyl Acetate 108-05-4 -- S ....

Vinyl Chloride 75-01-4 S S ....

0 Xylene, total 1330-20-7 S -- S S
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' Table ES.1. (continued)

Analyte CAS Groundwater Surface Sediment Soil
number water

mivolatile Organics

2-Chlorophenol 95-57-8 ...... S

2-Methyl- 1,3 DIN Benzene 606-20-2 .... S ....

2-Methyl-Phenol 95-48-7 S ......
l

Benzo(a)Anthracene 56-55-3 ...... S

Benzo(a)Pyrene 50-32-8 ...... S
Benzoic Acid 65-85-0 .... S S/R

Bis(2-Ethylhexyl)Phthalate 117-81-7 S/R S S/R S

Butyl Benzyl Phthalate 85-68-7 .... S S

Chrysene 218-01-9 ...... S

Di-N,Butyl Phthalate 84-74-2 S/R S R S

Di-N-Octyl Phthalate 117-84-0 S -- _ S

Diethyl Phthalate ' 84-66-2 S/R ......

N-Nitroso N-Phenyl 86-30-6 .... S/R S/R
g Benzamine

"_. N-Phenyl Benzamine 122-39-4 .... R R
Naphthalene 91-20-3 S S -- S

Pentaehlorophenol 87-86-5 ...... SPhenol 108-95-2 .... S S

| 2,4,5-T 93-7G5 S ......

._ 2,4,5-TP (Silvex) 93-72-1 S/R ......

! 2,4-D 120-83-2 S/R ......i

Aroclor-1254 11097-69-1 S .......
9

i Inorganic constituents

i Aluminum 7429-90-5 S/R S/R S/R S/R
Antimony 7440-36-0 S .... S/R

j Arsenic 7440-38-2 S S S/R S/RBarium 7440-39-3 S S/R S/R S/R
J
I Beryllium 7440-41-7 S/R S S/R S/R •

Boron 7440-42-8 S ......

Cadmium 7440-43 -9 S/R S S/R S/R

Calcium 7440-70-2 S/R S/R S/R S/R

Chromium 7440-47-3 S S S/R S/R

Cobalt 7440-48-4 S/R S S/R S/R

Copper 7440-50-8 S/R S/R S/R S/R
Iron 7439-89-6 S/R S/R S/R S/R
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O Table ES.1. (continued)
!

l Analyte CAS Groundwater Surface Sediment Soil
I

J number water

] 'Lead 7439-92-1 SIR S/R S/R S/R

Magnesium 7439-95 -4 S/R S/R S/R S/R
i Manganese 7439-96-5 S/R S/R S/R S/R

Mercury 7439-97-6 S/R S S S/RI
Nickel 7440-02-0 S/R S S/R S/R

Osmium 7440-04-2 .... S R

Potassium 7440-09-7 S S S/R S/R

_elenium 7782-49-2 -- S S S/R

Silicon 7440-21-3 S/R ......

" Silver 7440,22-4 S S S/R S/R

Sodium 7440-23-5 S/R S/R S/R S/R

Strontium 7440-26-6 S .......

Thallium 7440-28-0 ....... S/R

Titanium 7440-32-6 S/R ......

Tin 7440-31-5 .... S/R R

O Vanadium 7440-62..2 S/R S S/R S/RZinc 7440-66-6 S/R S/R S/R S/R

Gross Radioactivity

Gross Alpha 12587-46-1 S/R S/R S/R S/R
la

Gross Beta 12587-47-2 S/R S S/R S/R
i

Ii

1 Man-made Radionuclides

Tritium 10028-17-8 S/R S/R S --

-_ Coba|t-60 10198-40-0 S S S SI

Strontium-89 14158-27-1 .... R SStrontium-90 10098-97-2 S S S/R S/R
|

Cesium-137 10045-97-3 S/R S S/R S/R

Americium-241 14596-10-2 S ......
Lead-210 14255-04-0 ...... S .

i Plutonium 238 13981-16-3 S ....
S

| Plutonium 239/240 0-013 S S .....
I!

iii Actinium 14952-40-0 ...... S
:71

Curium-244 13981-15-2 S S ....

Curium-242 15510-73-3 -- S ....

Q
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Table ES.1. (continued)

I i An ialyte CAS Groundwater Surface Sediment Soil
number water

Naturally Occurring Radionuclides
Potassium-40 13966-00-2 S S S/R S/R

Uranium Series

Uranium-238 7440-61 - 1 S -- S/R S/R

Thorium-234 15065.108 S S/R S/R S/R

Uranium 234 13966-29-5 S - S/R S/R

Thorium-230 14269-63-7 S S/R S/R S/R

Radium-226 13982-63-3 S -- S/R S/R

Thorium Series

Thorium-232 7440-29-1 S S S/R S/R

Radium-228 , 15262-20-1 S S S/R S/R

Thorium-228 14274-82-9 S S S/R S/R

Radium-224 13233-32-4 S S/R S/R S/R

aDetected at least once in either site or reference (background)unfiltered samples. O
bS = detected at least once in site samples.
c.= not detected.
dR = detected at least once in refele,,nce(background) samples.

®
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lid ,,Table ES.2. Migration of radionuclides off-WAGa

li II I

Perimeter Medium/

segment radionuclides Discussion

AREAS LIKELY FOR OFF-WAG MIGRATION OF CONTAMINANTS

H1 Surface Water Storm flow sampling identified significant flux of
Tritium contaminants off-WAG in surface water.
Strontium-90

Groundwate_r Wells upgradient are contaminated,
Tdttum
Strontium-90

I-I2 Surface Water Storm flow sampling identified significant flux of tritium
Tritium off site.

Groundwater . Concentrations exceeding MCL detected in several

Tritium upgradient wells,

H3 Groundwater Compliance and RFI monitoring data indicate presence

O Tritium of radionuclides in groundwater.Cobalt-60
Strontium-90

AREAS NOT LIKELY FOR OFF-WAG MIGRATION OF CONTAMINANTS

L Upgradlent to waste disposal areas,

aThis table provides contaminant migration information for WAG perimeter segments identified in Fig.
ES .4.
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Table ES.3. Migration of chemicals off-WAGa

i i,ll i

Perimeter Medium/

segment chemicals Discussion

AREAS LIKELY FOR OFF-WAG MIGRATION OF CONTAMINANTS

i H1 Suffac,_,wateT No significant VOC concentrations detected during
J none storm flow sampling

Groundwater, Upgradient wells contaminated, monitor unconsolidated
VOCs zone and bedrock zone. Groundwater wells in this

vicinity monitor bedrock zone only.

H2 Surface water Low concentration detected during storm flow.
VOCs

Groundwater Well positioned between creeks DA and DB has had
None relatively low concentrations of VOCs detected in it.

H3 Surface water No surface water features in this area.
None

, Groundwater VOCs detected during compliance and RFI monitoring.
VOCs

AREAS NOT LIKELY FOR OFF-WAG MIGRATION OF CONTAMINANTS O

L Upgradient to waste disposal areas.

aThis table provides contaminant migration information for WAG perimeter segments identified in
Fig. ES.5.
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O Table ES.4. Summary of risk characterization results

i i

Radionuclide Chemical
L i ii i ii i ii

Scenaflos and Time Dose Hazard

associated receptors period a (rem) Risk Risk index¢

No Action Scenario

' On-WAG homesteader - adult Current 2E + 5 1,0 3E-4 1

(WAG-wide)

On-WAG homesteader -- child Current ..d ..d 2E-4 1 (S)

(WAG-wide)

On-WAG homesteader -- adult Current lE + 6 1,0 3E-4 3 (L)

(auger hole subarea)

On-WAG homesteader - child Current ..d ..d 2E-4 7 (L)

(auger hole subarea)

Institutional Control Scenario

ORNL employee Current 2E+0 lE-3 lE-8 4E-6 (T)

Hunter Current 3E-5 8E-9 2E-12 2E-5 (T)

O Current 9E,-6 lE-8 2E-7 3E-5 (T)
Boundary receptor

Off-WAG homesteader -- adult Current lE-1 6E-5 lE-7 7E-3 ('I")i

I

i Off-WAG homesteader -- child Current _ d _ d 3E-8 2E-2 ('1")

On-WAG homesteader - adult Future 4E+3 3E-I 3E.-4b 1 (T)b

d (WAG-wide)

a ' On-WAG homesteader - child Future ..,d _d 2E..4b 1 (S)b

(WAG -wide)

On-WAG homesteader - adult Future 3E + 4 9E-1 3E-4 b 3 (L)b

(auger hole subarea)
On-WAG homesteader -- child Current ..d ..d 2E-4/' 7 (L)b

(auger hold subarea)

i a"Current" time period means receptor risk evaluated using estimated contaminant concentrations
i for 1990-2020 time period. 'Future" time period metals receptor risk evaluated using estimated '

I contaminant concentrations for 2100-2130 time period.

/'Steady state conditions assumed for chemical contaminants; therefore, estimates of future risk and
hazard indices are identical to those for "current"..day on-site homesteader,

CTffi total; Lffi lower; K= kidney; S= skin; For T> 1,0, effect-specific hazard indexes ali less
than 1.0

dCurrent state of the art for radionuclide risk assessment does not provide specific tools for

estimating dose/risk to children; dose/risks computed for adults are assumed representative for children.

0
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Table ES.$. Preliminary closure alternatives for WAG 6

li II I III] I I I ] I 11 L III I III] I III I I I IIII I II i__l__ J L __JILLIIII IIIIIII • .... " :" " _-_::---q'

Alternative Description
............... l I | IllllmWi _ I I II I I I III I III I[11 IIII I l I I I I II I I I II II! I1[. " "

1 No Action (required by CERCLA)

2 Source Areas: Institutionalcontrols will be imple_nented, Caps covering
individual groups of disposal units will be constt'ucl:edto control infiltration
and access to waste.
Groundwater: Institutionalcontrols will be implemented 1o prevent
groundwateruse on-WAG and groundwaterwill continue to be monitored; a
final decision on groundwater will be deferred to an area wide (multi-WAG)
groundwaterremediation program for Bethel Valley.

3 Source Areas: Same as Alternative 1,
Groundwater: In those areas where significant off-WAG migration of
contaminants is occurring, trench drains will ce constructed to collect the
contaminated groundwater; if necessary, the groundwater will be treated in
the ORNL liquid waste treatment system. Institutlonalcontrols will be

implemented to prevent groundwater use on-WAG and groundwater will
continue to be monitored, i

i

4 Source Areas: Caps covering numerous adjacent Igroups of dlstmsal units Q
will be constructed to control groundwater recharge and access to the waste.
Prior to capping, structural stabilization of trench wastes (either by grouting
or dynamic compaction) will be performed. Wastes inundated by White Oak
Lake will be excavated and relocated on-WAG to minimize leaching. Wastes
in outlying areas will be relocated on-WAG to minimize the need for outlying
caps.
Groundwater: Institutionalcontrols will be implemented to prevent
ground_mter use on-WAG and groundwaterwill continue to be monitored.

5 Source Areas: Same as Alternative 4.
Groundwater: Institutionalcontrols will be implemented to prevent
groundwater use on-WAG and groundwaterwill continue to be monitored; a
final decision on groundwaterwill be deferred to an area wide (multi-WAG)
groundwater remediation program for Bethel Valley,

6 Source Areas: Same as Alternative 4.
Groundwater: In those areas where significant off-WAG migration of
contaminants is occurring, trench drains will be constructed to collect the
contaminated groundwater; if necessary, the groundwater will be treated in
the ORNL liquid waste treatment system. Institutionalcontrols will be
implemented to prevent groundwateruse on-WAG and groundwater will
continue to be monitored.

0
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e Table ES.5, (continued)

_,_-,-.-_. _,_.... .. . ....... :.. ::: -.--_......_:........_ . _ ....:....._.............. :....... _..... , ; ..... __

Alternative Desoriptlon
III] I ]1 (I II ................ ii lille _7_]]'_ ] .... ] ........... 7"L .. ' .... . ........ Iii II ....... 7 LI?........ _* .......

7 Source AreasI Same as Alternative 4, exoept tn situ vttrlfl_tlon will be used
in selected areas of the site for long.term Immobilization (if radiologl_l
contaminants,

Groundwater: Same as Alternative 6,
i

i _ IIIII II _iJAIL ......... - . ' ,_ __ ! , ............ 1 --- !, _- I ........ ! i i[ ......... i II I
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INVENTORY BY RADIONUCLIDE

Eu-155

i 89,065 Ci

(11.0%) Other
33,434 Ci

Ir-192 (4,1%)

I 32,135 Ci

Co-60 (4.0%)
48,910 Ci Cs- 137

O (6.0%) 43,997 Ci(5.4%)

i INVENTORY BY UNIT TYPE
(SEENOTE) TRENCHES

19,100 Ci

=1 (2.4%)

AUGER HOLES
789,590 Ci

I (97.6%)

I
O NOTE:Silos574Ci(0,1%),TumulusI &II83Ci(0.01%).Recordsofdisposalfrom1977to1990.

Fig. ES.3. Summary of radioactive waste disposal log for SWSA 6.
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O 1. INTRODUCTION

This report describes the activities and documents the results associated with the
Resource Conservation and Recovery Aet (RCRA) Facility Investigation (RFI) of Waste Area
Grouping (WAG)6 at the U, S, Department of Energy's (DOE) Oak Ridge National
Laboratory (ORNL), Section 1,1 provides an overview summarizing organizational,
programmatic, regulatory, and site Information that is relevant to the development and
performance of the WAG 6 RFI, Subsequent sections of the introduction provide more detail

: on regulatory initiatives (Sect, 1,2), site information and background (Sect, 1,3), purpose and
scope of the WAG 6 RFI (Sect, 1,4), and a reader's guide to the organization of the
remainder of the RFI report (Sect, 1,5),

1.1 OVERVIEW

ORNL is one of three principal facilities on DOE's Oak Ridge Reservation (ORR),
which was established during the World War II "Manhattan" atomic weapons project in 1942
and 1943, ORNL is currently managed and operated for DOE by Martin Marietta Energy
Systems, Inc, (Energy Systems), The ORR is shown in Fig, 1,1,

ORNL has maintained a research-oriented mission, and, as a result of the many and
varying research projects conducted throughout its operational history, has generated diverse
streams of radioactive, hazardous, and mixed (radioactive and hazardous) wastes, Some of

O these wastes have been disposed of.at ORNL by various methods, Including shallow landburial (SLB) tn trenches and auger holes.

As part of DOE's national Environmental Restoration (ER) Program, ORNL's ER
Program addresses the cleanup of areas or facilities potentially contaminated by past activities
Including waste disposal, Initially, guidance for accomplishing cleanup tasks was provided
by DOE orders, one of which, DOE Order 5480,14, set a timetable for brlngtng DOE
facilities into compliance with the Comprehensive Environmental Response, Compensation,

" and Liability Act (CERCLA), However, in April 1986, EPA issued a permit for the
DOE/ORNL Hazardous Materials Storage Area, Building 7652. This permit gave the

" Environmental Protection Agency (EPA) enforcement authority for ORNL corrective action
| acttv!tles through RCRA Section 3004(u)m
III

As the first phase of the RCRA 3004(u) Corrective Action Program, tn March 1987

ORNL submitted to EPA a RCRA Facilities Assessment (RFA) (ORNL 1987), The RFA

i identified approximately 250 solid waste management units (SWMUs). Included among the

SWMUs were waste tanks, soltd waste storage areas (SWSAs), waste treatment units,
impoundments, and leak and spill sites. Because of the large number of sites, ORNl_,
proposed to EPA that SWMUs that were geographically contiguous or within defined
hydrologic "unitsbe grouped into Waste Area Groupings (WAGs). This concept initially
resulted in 20 WAGs.

The subject of this report, WAG 6, comprises three SWMUs. The largest is SWSA 6,

O which is the current operating disposal area for low-level radioactive waste (LLW) at ORNL.Also, from November 1980 to May 1986, chemically hazardous wastes were disposed within

1-1
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1-2

SWSA 6, which makes tt subject to regulation under RCRA, The other two WAG 6
SWMUs are the Emergency Waste Basin (EWB) and the Explosives Detonation Trench
(EDT), Greater detail about WAG 6 Is provided In Sect, 1,3,

1,2 REGULATORY INITIATIVES AND BACKGROUND

The WAG 6 RFI and ali subsequent aettons leading to eventual closure and remedtal
action of SWSA 6 and other porttons of WAG 6 are betng conducted in accordance with
RCRA, as amended by the Hazardous and Solid Waste Amendments Act of 1984 (HSWA),
WAG 6 activities also are subject to CERCLA, as amended by the Superfund Amendments
and Reauthorlzatton Act (SARA) of 1986, and the National Environmental Policy Act
(NEPA) of 1969, as amended, The tbllowlng paragraphs describe these regulatory Initiatives
and how they apply to the ORNL ER Program and WAG 6,

1.2,1 The ORNL ER Program

When ORNL established Its ER Program (formerly called the Remedial Action
Program), the ORNL program pursued Its mtsslon tn accordance with DOE Orders 5820,2,
"Radioactive Waste Management," and 5480,14, ,'Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) Program," DOE orders are the mechanism by
which DOE issues formal operational and safety Instructions to management and operating
(M&O) contractors operating DOE facilities, DOE Order 5820,2 (superseded by 5820,2A
In August 1.988) establishes policies, guidelines, and mtnlmum requirements for DOE
management of radioactive and mixed waste and contaminated facilities, DOE Order'
5480,14 provtdes Instructions for Implementing a DOE CERCLA program to Identify and
investigate inacttve waste dtsposal sttes and to Implement remedial acttons where needed.
ORNL ER projects mandated by these DOE orders were Integrated into a comprehensive
long-range environmental plan for the facility.

EPA's enforcement role tn ORNL ER activities began in September 1986, when EPA
issued Its RCRA permtt for the ORNL, Hazardous Material Storage Area, Bidg, 7652, and
Invoked Section 3004(u) of RCRA, The prtmary objective of RCRA 3004(u) is to address
releases of hazardous constituents from SWMUs at RCRA-perrnltted facilities, To achieve
file objectives of Sectton 3004(u), EPA has established the RCRA Corrective Action
Program, which requires the following four steps (EPA 1987a):

1, An RFA, which documents SWMUs with actual or potential contaminant releases
requiring further investigation

2, An RFI, which characterizes the extent and impact of contaminant releases Identified
in the RFA

3, A Corrective Measures Study, (CMS), which Identifies appropriate remedies for
problems identified tn the RFI

@



O 4, Corrective Measures Implementation (CMl), which Includes design, Implementation,
and monitoring of performance for the corrective measures selected

An RFA submitted to EPA tn March 1987 (ORNL 1987) Identified 20 WAGs,

On November 2i, 1989, EPA placed the DOE ORR on the CERCLA National Priority
Ltst (NPL), Because of the number of regulatory programs and regulatory agencies
Involved, DOE, EPA, and the State of Tennessee are negotiating a three-party Federal
Facilities Agreement (FFA) to guide environmental restoration on the ORR, The FFA will
likely spectfy a methodology mirroring the CERCLA process for addressing contamination
of facilities and the environment,

1.2.2 WAG 6 Regulatory Background

WAG 6 is unique among the ORNL WAGs in that remediation of the site is conducted
primarily under the authority and terminology of RCRA, Whtle waste disposal activities at
SWSA 6 are described In detatl in Sect, 1,3 and Appendix 1A of this report, a brief summary
ts provtded for understanding the stte's regulatory htstory and status and the impacts the
regulatory requirements have had on activities at the site,

SWSA 6 was opened and began receiving limtted waste shipments In 1969, and by
1973 was receiving most of ORNL's soltd LLW, Although most of the waste disposed of

O in the SWSA radioactive hazardous chemical wastes also of at the
was waste, were disposed

site until April 1986. LLW disposal has continued,

For RCRA-regulated facilities ceastng operations under RCRA interim status (as did
SWSA 6), State of Tennessee hazardous waste regulations specify that site closure must be
initiated no later than November 1988, Consequently, ORNL prepared a RCRA Closure
Plan for SWSA 6, whtch was approved by the State of Tennessee in September 1988 (BNl
1988a), Although RCRA requtred the closure of only those SWSA 6 disposal untts that had

• received hazardous wastes, ORNL determined that tt was technically inappropriate to close
these units independently of the adjacent non-RCRA units. In addition, because the nature
and extent of radiological and chemtcal contamination associated with the site was unknown,
ORNL proposed that environmental investigations of ali of WAG 6 precede final closure of
SWSA 6 so that ali sources and ali environmental contamination could be addressed

comprehensively.

Consequently, the SWSA 6 Closure Plan prepared by ORNL specified a series of
activities leading to final closure and corrective action, The initial activity was an Interim
Corrective Measure (ICM) to reduce releases of contaminants from the RCRA-regulated
disposal trenches and auger holes at SWSA 6, The ICM (described in Sect, 1,3,1,1)
consisted of a high-density polyethylene (HDPE) interim cap and drainage improvements,
Subsequent activities leading to final closure will tbilow the RCRA Corrective Action
Program described above,

0
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' At the time the closure plan was prepared, ORNL anticipated that the ORR would be

listed on the NPL, so the closure plan also states that SWSA 6 closure activities and WAG 6
Investigations wtll be conducted In general conformance with CERCLA guidance, The
second acttvtty specified tn the closure plan was an RFI for WAG 6, An RFI Plan was
prepared (BNl 1989) and submitted to Tennessee Department of Environment and
Conservation (TDEC) and EPA for revtew, Comments were recetved and responded to tn
wrttlng by DOE/Energy Systems (see Appendix 2A), RFI field activities were performed
tn two parts, referred to as Acttvlty 1 and Acttvlty 2, Activity 1 comprised field activities
conducted from December 1988 through fall 1989, Activity 2 field activities were conducted
from winter 1989 through summer 1990, Analytical results of Activity 1 were reported and
summarized tn the ORNL WAG 6 Site Characterization Summary (BNl 1990) prepared for
submittal to the Agency for Toxic Substances and Disease Regtstry (ATSDR), Both Activity
1 and Activtty 2 analyses and results are presented in this RFI Report, The purpose and
scope of the RFI are described In Sect, 1,4,

1.3 SITE INFORMATION AND BACKGROUND

Site information and background on WAG 6 is presented tn four sections, Section
1,3.1 provides a general site description and htstory of operations, Sections 1,3.2 and 1,3.3
summarize remedial action technology demonstrations and prevtous investigations conducted
at WAG 6, respectively, Relevant demographic information is presented tn Section 1,3,4,

1.3.1 Site Description and History ' Q

As shown in Fig, 1,1, WAG 6 is located on the ORR, approximately 10 miles
southwest of the town center of Oak Ridge, Tennessee, WAG 6 is part of ORNL and is
located approximately 2 miles southwest of the ORNL Main Plant Area. The.location of
WAG 6 in relation to other,ORNL WAGs is shown in Fig, 1,2.

WAG 6 lies within Melton Valley, between Haw Ridge on the north and Copper Ridge
on the south. WAG 6 is bordered on the south by White Oak Lake (WOL), on the east by
a tributary of White Oak Creek (WOC), and on the west by State Htghway 95, (Both WOC
and WOL lie within WAG 2). The site's topography is gently to moderately sloping,
draining to WOL on the south and to an unnamed tributary of WOC on the east (Fig. 1.3).

WAG 6 comprises three SWMUs'

" SWMU 6,1--SWSA 6

• SWMU 6.2--Emergency Waste Basin (EWB)
• SWMU 6.3--Explosives Detonation Trench (EDT)

SWSA 6 is the only SWMU in WAG 6 that includes disposed wastes, The EWB was
constructed for emergency storage of ORNL process wastewater but was never used for this
purpose, The EDT, which is no longer in use and has been backfilled, lies within the
geographic boundary of SWSA 6 and is adjacent to SWSA 6 waste disposal trenches,

i
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O Figure 1,4 shows the relative locations of the three SWMUs and summarizes land use within
WAG 6,

Access to SWSA 6 Is closely controlled, lt ts enclosed by a 8-ft-high chain link fence
topped with barbed wire, and access Is controlled by an electronically operated gate activated
by controlled personnel badge access cards, Other key surface features Include two
permanent buildings (7842 and 7878); several temporary (shed-type) structures; overhead
power and telephone lines; poles and stanchions; two tumulus pads wtth stacked concrete
vaults; two weather stations; and numerous wells and ptezometers. Concrete vaults and
large-diameter corrugated pipe used in construction of waste disposal untts are also on-stte
but are moved frequently, Culverts have been const_cted where natural or man-made
drainages cross site roads, Flumes and weirs installed before, or as part of, the WAG 6 RFI
exist on most of the interior dratnage channels. In 1990, work began on the construction of
the interim Waste Management Faciltty (IWMF) tn the southwestern portion of WAG 6, To
date, the construction has involved clearing and grading an approximately 6-aere area. Other
areas of WAG 6 are grass-covered, and these are mowed regularly,

Each SWMU is described in the following paragraphs.

1.3.1.1 SWSA 6 (SWMU 6.1)

SWSA 6 is the principal source of environmental contamination at WAG 6, It was

O opened for limited disposal operations in 1969 and began full-scale operations in 1973, lt
has received LLW, chemical, biological, and a variety of other wastes resulting from
operations con0ucted at ORNL (e,g., solvents, scintillation liquids, laboratory glassware and
equipment, and protective clothing). Waste packaging has varied from complete lack of
containerization to plastic bags to stainless steel drums, Since April 1986, only LLW has
been disposed of In SWSA 6, Figure 1.5 summarizes waste dtsposal operations at SWSA 6.

SWSA 6 covers approximately 68 acres, approximately 19 acres of which are used for
waste disposal, The following paragraphs describe the SWSA 6 waste disposal units, waste
inventory, planned site operations, and ICMs.

Waste Disposal Units. The v_iety of waste types and forms, coupled with the
evolution of waste disposal regulations, and disposal techniques, has resulted in several
different types of waste disposal units at SWSA 6, including trenches, auger holes, silos, and
aboveground container storage facilities, Table 1.1 summarizes the general types of waste
disposal units; cites the approximate number of units, land area occupied, and inventory; and
briefly describes how each untt has been used. Information on the type and form of the
waste received in each type of disposal unit is provided in Appendix lA.

Figure 1,6 illustrates the locations of the different types of waste disposal units within
SWSA 6.

O Waste Inventory. Since SWSA 6 was opened, records have been kept for each 'shipment of waste disposed there. These records are part of the ORNL Solid Waste Disposal
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Log, a computerized data base documenting ORNL waste shipments. Appendix lA describes
data base records for SWSA 6 and provides tables summarizing the records. Figure 1.7
illustrates the inventories (in curies) of various radionuclides disposed in SWSA and the total
activity in curies disposed in the unit types.

Planned Site Operations. Site operations ongoing and planned for SWSA 6 fall into
three categories: waste disposal operations, preliminary activities leading to closure, and
technology demonstrations. Each of these is described below.

® Waste Disposal Operations. As illustrated in Fig. 1.5, waste disposal operations at
SWSA 6 will continue until September 1996, but current plans project that only the
IWMF will receive wastes after approximately 1994. The operation of the IWMF will
not impact closure activities for the remainder of SWSA 6. Those areas of the site
where waste disposal operations are ongoing (active areas) are shown in Fig. 1.8.

® Preliminary Closure Activities. Four site preparation activities must precede final
closure of SWSA 6. These are:

, Relocation of Tennessee Valley Authority (TVA) Power Lines. The site is
traversed by high-voltage power lines that would interfere with closure and long-
term maintenance. The power lines are scheduled to be relocated by April 1994.

- Plugging and Abandonment of Wells. There are approximately 600 O
observation wells and piezometers in SWSA 6. Because these may act as a route
for contaminant migration to groundwater, they are scheduled to be plugged and
abandoned by April 1994.

- Tumulus Demonstration Cover. Operational plans for the Tumulus call for its
capping. However, to ensure compatibility with other site caps, the Tumulus
cap will not be constructed until the final site-wide closure design is complete.
An interim soil cover will be placed over the Tumulus by the end of 1993.

- Support Facilities. To expedite closure, ORNL plans to install construction
support facilities before completion of closure design. Facilities will include a
decontamination pad and trailers for field offices, environmental safety and
health support, and lunchrooms. These facilities also will support plugging and
abandonment of wells and construction of the Tumulus interim cover.

• Technology Demonstrations. Remedial action technology demonstrations are
discussed in Sect. 1.3.2. Brief descriptions of past and ongoing technology
demonstrations are presented in Table 1.2.

Interim Corrective Actions. Three interim corrective actions have been implemented
at SWSA 6: a bentonite seal and a French drain in the 49 Trench area, and geomembrane
caps over RCRA-regulated waste disposal units. Each of these is described in the following _ '
paragraphs.

11
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Q * Bentonite Seal. To try to alleviate water infiltration in the 49 Trench area of
SWSA 6, the area was sealed with a soft-bentonite mixture in 1976. The ground
surface was then seeded to prevent erosion. However, water was still observed in tile
underlying trenches (ORNL 1986).

• French Drain. In 1983, a French drain designed to intercept flow of groundwater into
trenches was installed in the 49 Trench area (Fig. 1.6). The drain surrounded the
trenches on the north and east sides, and was installed at a maximum depth of about
30 R (Davis and Stansfield 1984). Trenches close to the drain have been dewatered,
and there has been a general lowering of the groundwater table. Groundwater table
contour maps show significant changes in localized groundwater flow directions.
Maximum drawdown of approximately 12 ft occurs where the two drain legs intersect
in the northeast corner of the site (ORNL 1986).

• RCRA ICM. The Closure Plan for SWSA 6 (BNl 1988a) specified that ICM caps
would be installed over areas that had received RCRA-regulated wastes. The caps
were installed from November 1988to May 1989 and were designed to reduce surface
water infiltration into the waste disposal areas. Each cap consisted of 80-mil HDPE,
which is resistant to ultraviolet light. Cap design life is 5 years. The locations of the
capped areas are shown in Fig. 1-9. Performance of the RCRA ICM is discussed in
Sect. 3.

O 1..3.1.2 Emergency Waste Basin (SWMU 6.2)

Constructed in 1961 to 1962 to serve as an emergency holding basin for LLW or
process wastes from the ORNL Main Plant Area, the EWB was to be used if ORNL
treatment plants were not operational or if treatment plant effluent could not be discharged
to WOC. The basin encompasses approximately 2 acres and has a potential storage volume
of 15 million gal. lt reportedly has never been used for its intended purpose but does contain
water from groundwater infiltration and surface water nmoff.

The EWB technically is outside the ORNL boundary for WAG 6, which, along this
northern edge of the WAG, is marked by the SWSA 6 fence. However, the EWB receives
some runoff from the northern portion: of WAG 6, and for that reason is considered a
WAG 6 SWMU.

1.3.1.3 The EDT (SWMU 6.3)

The EDT is no longer used and has been backfilled, lt was located in the southeastern
portion of SWSA 6. The trench measured approximately 15 ft long by 5 ft wide by 4 ft deep
and was used to detonate explosives and shock-sensitive chemicals such as picric acid,
phosphorus, and ammonium nitrate. During operations, wastes were placed in the bottom
of the trench and detonated with small plastic charges. Debris from the explosions generally
remained in the trench. Table 1.3 lists wastes known to have been detonated at the EDT

O (ORNL 1985).

!1 +
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The exact location of the EDT is unknown; however, Fig. 1.4 indicates its approximate

location based on interviews with personnel who were involved in trench operations.
Because the EDT lies inside SWSA 6 and immediately adjacent to numerous SWSA 6 waste
disposal trenches, it has been considered a part of SWSA 6 during the RFI. Separate
investigations were not conducted specific to the EDT.

1.3.2 Remedial Action Technology Den_onstrations

During the past several years, ORNL has demonstrated technologies potentially
applicable to remediation and closure of SWSA 6. The general purpose of the
demonstrations is to develop reliable, site-specific information regarding technology
performance, methods of implementation, and costs. The demonstrations have focused on
technologies for decreasing groundwater interaction with trench wastes and on increasing the
structural stability of trench wastes to support a multilayer cap without settling. Dynamic
compaction of trench wastes and waste grouting with both chemical and particulate grouts
have been demonstrated. In addition, an in situ vitrification (ISV) demonstration has been
conducted on mock trenches specially constructed to simulate liquid waste seepage trenches
at WAG 7. Although the demonstration was designed primarily to support activities planned
for WAG 7, considerable performance information resulted that is pertinent to application
of the technology to SWSA 6.

Implementation and performance data derived from technology demonstrations are
being employed in the WAG 6 CMS. In addition, site characterization data generated in the
course of the technology demonstrations are presented in the RFI report, as appropriate.
Bri¢.f descriptions of past and ongoing SWSA 6 technology demonstrations are presented in
Table 1.2.

1.3.3 Previous Environmental Investigations and Ongoing Monitoring Programs

Numerous investigations of site physical characteristics and contamination have been
conducted at SWSA 6 over the past 20 years. There also are several ongoing environmental
monitoring programs for SWSA 6. Pertinent results from these previous investigations and
site monitoring were employed in developing the scope of the WAG 6 RFI and have
contributed to the conceptual site model. This section briefly describes the general scope of
these investigations and monitoring programs. More detailed descriptions of individual
investigations and pertinent results are presented in Appendix 1B; complete results are
available in the referenced reports.

1.3.3.1 General programs of site investigation

Most previous investigations and studies performed at WAG 6 have concentrated on
SWSA 6 and have been conducted under one of the following programs:

* Study of ORNL contaminant releases to WOC watershed
- SWSA 6 ETF site characterization _l
* SWSA 6 DOE Order 5820.2A site characterization activities
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• ER program technology demonstration

Some of these investigations focused on SWSA 6 or WAG 6 exclusively; others
focusedon larger areas of ORNL but included ali or part of WAG 6 within their scope. The
general scope of each program, specific studies conducted under these programs, and data
pertinent to the WAG 6 RFI are presented in Appendix lB.

1.3.3.2 Ongoing monitoring programs

Ongoing monitoring programs for WAG 6 include the ORNL RCRA Compliance
Monitoring Program, the RCRA ICM Monitoring Program, and the DOE Order 5820.2A
Performance Assessment Monitoring Program. The following paragraphs describe each
program.

WAG 6 ORNL RCRA Compliance Monitoring Program. As part of the
RCRA 3004(u) assessment of the need for corrective actions at SWMUs, ORNL installed a
series of groundwater quality monitoring wells around the perimeter of SWSA 6 and began
a contaminant detection monitoring program to determine if the site is a source of continuing
releases of hazardous constituents (ORNL 1989). The well installation and sampling are
discussed in Sect. 2, and data are discussed in Sects. 3 and 4 of this RFI report.

The RCRA detection monitoring program identified off-site migration of hazardousconstituents in groundwater to the east. Four additional RCRA quality wells were installed,
and ORNL is now conducting compliance monitoring in this area. Results from this
sampling are described in Sect. 4.

WAG 6 RCRA ICM Monitoring Program. As previously described, the RCRA
closure plan approved for SWSA 6 specified installation of RCRA ICM caps. Because of
the considerable earthwork, pre- and post-implementation monitoring was conducted to
determine construction impacts on stream sediment size and distributions and contamination
of sediments and surface water. Groundwater monitoring was also performed in the vicinity
of the capped areas to aid in assessing the effectiveness of the ICM (Ashwood and Spalding
1990).

DOE Order 5820.2A, Performance Assessment Monitoring Program. DOE
Order 5820.2A requires ongoing monitoring to assess the performance of active disposal
areas. ORNL's Active Sites Environmental Monitoring Program fulfills these requirements,
and includes monitoring of the Tumulus and silos in SWSA 6.

10

1.3.4 Demography

As illustrated in Fig. 1.1, WAG 6 is located on the federally owned ORR. Because
SWSA 6 is an active facility, ORNL workers are on-site daily during the work week and

frequently on weekends. Activities performed by these workers include construction ofdisposal units, waste transportation and disposal, technology demonstrations, and site
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maintenance and monitoring. Ali workers are required to have undergone site safety training
in accordance with ORNL Environmental Safety and Health (ES&H) Procedures.

At the closest point, WAG 6 is approximately 1 mile from the ORNL Main Plant Area,
where the majority of ORNL's approximately 5300 regular employees and
2000 subcontractor personnel work. Within 1/2 mile of the boundary of WAG 6, ali land
is federally owned, and there are no residents. The two-lane State Highway 95 runs through
the ORR and passes along the western side of WAG 6 within 100 ft of its boundary at the
closest point. WAG 6 is approximately 0.42 miles from the north bank of the Clinch River,
which forms a portion of the boundary of the ORR. The Clinch River, also known as Watts
Bar Lake at this location, is open to recreational uses such as boating, fishing, and duck and
goose hunting, as permitted by the State of Tennessee.

Within a 1-mile boundary extension of WAG 6, there are approximately 25 residents;
ali are located across the Clinch River southwest of WAG 6. The closest resident is 0.56

miles from the WAG 6 boundary. Within a 5-mile radius of WAG 6, there are an estimated
580 residents, and within a 10-mile radius, there are an estimated 9900 residents. There are
two major residential population centers for the area. The closest, Oak Ridge, is
approximately 10 miles from WAG 6 and in 1986 had an estimated population of 26,920.
Knoxville, the largest local population center, is approximately 20 miles from WAG 6 and
had a 1986 population of 173,210 [Center for Business and Economic Research (CBER)

1989]. O
1.4 PURPOSE AND SCOPE OF THE WAG 6 RFI

The objectives of the WAG 6 RFI were derived from the goals of the EPA RCRA
Corrective Action Program and the EPA CERCLA program. The goals are:

• To characterize the nature and extent of contamination associated with WAG 6
• sufficiently to achieve the next two goals

_, * To assess potential impacts of disposed wastes and environmental contamination on
| human health and the environment
tl

,. * To identify preliminary site closure and remediation objectives and perform the initial

development and screening of alternatives

i • the of site closure and corrective action
To provide data to support development
alternatives

I The WAG 6 RFI addresses existing waste at

disposal units WAG 6 and examines

contamination of groundwater, surface water, sediment, soil, and air. The baseline human

ii health and environmental evaluations assess the potential health impacts if the site were not

' closed and remediated. The alternatives assessment includes the preliminary development

and screening of alternatives for site closure and for remediation of environmental problems /

!1
Jim

1
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, O that have been identified through the site characterization and the baseline risk assessment.i
I

1.5 REPORT ORGANIZATION

1.5.1 Main Document Sections and Appendixes

The essential descriptions of WAG 6 RFI activities, results, assessments, and
conclusions are presented in Sections 1 through 9, which comprise the main body of this
WAG 6 RFI report, Each report section has one or more associated appendixes (e.g.,

. Appendix lA and 1B; 3A and 3B) that present more detailed descriptions, additionaldata,
or specific, focused discussions. These appendixes may be consulted as desired by the
reader.

The contents of each section are briefly described below. Table 1.4 lists each section
and its associated appendixes and their titles.

* Section 1, "Introduction," presents essential regulatory background and site
information, plus report organization guidance.

® Section 2, "Summary of RCRA Facility Investigation," describes the WAG 6 RFI field
activities.

O 3, "Physical Characteristics the Study Area," physical
Q Section of describes the

characteristics of the site that most affect or are most pertinent to assessing the nature

and extent of contamination and developing and evaluating closure alternatives.
i * Section 4, "Nature and Extent of Contamination," presents the results of WAG 6 RFI
._ and previous field investigations conducted to determine the characteristics of the
ii contamination discovered.

* Section 5, "Fate and Transport of Contamination," presents a conceptual hydrogeologic
i model of the site based on data collected during field investigations and previous

investigations and describes fate and transport modeling performed to support the
baseline risk assessment.

i * Section 6, "Baseline Human Health Evaluation," assesses the potential effects ofsources and contamination on the public for the present and in the future.
I

* Section 7, "Baseline Environmental Evaluation," presents an assessment of potential

I ecological impacts of WAG 6 contaminants.

I

* Section 8, "Preliminary Development and Screening of Alternatives," presents
preliminary identification of remedial action objectives and development and screening

ii O of alternatives.

1 ® Section 9, "Summary and Conclusions," summarizes the results of the investigation.

I
,, ,, ,,,, ,,
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1.5.2 Treatment of Tables and Figures

As another step to make this report as readable as possible and to prevent the numerous
tables and figures from interfering with the flow of the text, tables and figures have been
placed at the end of their appropriate sections. Table and figure groupings are marked with
dividers so readers can easily refer to them when necessary,

A large-scale foldout map of WAG 6 with groundwater monitoring wells and other key
features is included as Figure 1-10,

1.5.3 References

This report contains a separate References section for ali source materials cited herein.
The References section appears at the end of the main document (after Sect. 9) andcontains
ali references for the entire report, including the appendixes (i.e,, the appendixes do not
contain separate reference sections).

!
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Table 1,1. WAG 6 waste disposal units

Proj_ted........
numberfor

Numberas period Approximate Inventorya
Type of unit of 12/90 1/91-5/92 area (acres) (curies) Description

'' 'Trenches ' '4'98 3 t6 19,054 Trenches wore used for'die, cud of large was'to...........
packages and u_rted bulky items. Dimensions of
trenches, although variable, were generally 50 ft long
by l0 ft wide by 13 to20 ft deep, Beginning In 1975,
trench depth waz limited to approximately 15 ft or less,
with the floor of the trench being at least 2 ft above

the documentedhighwater table, Minimum spacing
between trenches waz 5 ft, When the waste level

reached approximately3 ft below thetop, thetrench
was backfllled with soil, generally from the excavation
of the next trench, The cover was then seeded to
minimize erosion,

Auger holes _91 0 1,5 208,660 Auger holes were used for disposal of small waste
packages with surface activltles exceeding 200 mR/hr.
Auger holes were generally located in the higher
elevations of SWSA 6, Diameters ragged from 1 to 4
ft, with depths up to 20 ft, In April 1986, the use of
unlined auger holes was discontinued. Ten auger
holes have diameters of 9 ft, Spacing between auger
holes was generally at least 3 ft, Three or four
disposals were routinely made in each auger hole.
Wastes were disposed in various sized containers up to
55-gol drums, After wuste disposal, if the radiation
reading at the ground surface was greater than 100

mR/h, soil was placed in the auger hole until the

radiation readingwas reduced,Greater 146 118 1,0 575 Silos arc concrete-lined waste disponl units and wore

Confinement used after May 1986, They represent the evolution
Disposal (GCD) from the shallow land burial techniques described

Silos above to greater confinement disposal techniques, A

typical concrete stlo is constructed of two 15-gauge

c_orrugatedsteel pipesarranged concentflcally,The

smaller pipe is approximately 8 ft in diameter and the
larger pipe is approximately 10 ft in diameter, The

length of the pipes is 14 to 20 ft, The annular apace

between the two pipes is filled with concrete, The
bottom of the silo la a 12- to IS-in. wire-relnforced

thick concrete pad, To facilitate even greater
confinement of waste in the silo, the inside diameter of

some concrete silos have a geometric array of

vertically placed cast iron pipes, Usually the silos are
placed in the trenches, The majority of silos are

equipped with 3-in, diametermonitoring wells for
detection and sampling of waste leaohate in the silos,

GCD auger holes 84 29 0,35 581,777 These auger holes have heavy-wall (3 to 4 in,) cast
or silo wells iron pipe wells or double.w.lt,..d corrugated steel pipe

wells vertically placed in a _ filed auger halo, with the
surrounding space backfilled with soil, The pipes arc

usually 20 ft long with inside diameters of 20 to 25 In,
The bottom of the auger hole,s have a 12 in, thick
concrete pad, There are 86 such auger holes in tile
SWSA 6 area, They were constructed after May 1986.

Quadrex boxes 10 0 0,03 3 Quadrox boxesare large shipping containersthat are
filled with low-activity compactible wastes and buried,

@
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Table 1.1, (continued)

.... .............. : .::_ .. i .mlml=m,._l'___ L), .: ..... ,,. ..... :,,, - .... 'J: ....... :: .......... i

Projected
number for

Number as period Approximate Inventory a
Type ofunit of12/90 I191-5192 area(acres) (curie_) Description

Tumulu /.II48ees,ks......-6 .... - The,aretwoTumulusatsr,o,,lunit,within
SWSA 6, referred to as Tumulus I and

Tumulus !I, Low.activity waste ts
l prepackagedin55-galdrums or 100-ft3
I metal boxes and then sealed in concrete and

! epoxy-coated,steel-reinforcedcasks(5,5ftx
J 5,5 ft x 8 ft), The voids between t_asks are

, grouted, A precast concrete lid is pl_tced on
the vau_.tand lt is placed on the concrete
Tumulus pad, The entire faculty will be
co'vered with a low permeability cap during
closure and remediation of WAG 6, The

pad is equipped with an underdrain to collect
any water that might seep through the pad,
Water collected from the pad underdrain ts
analyzedforcontaminants,

InternWaste Under 0,5 The IWMF forlow-levelradioactivewasteIs

Management c_onstructton currently under construction and usesthe
Facility Tumulus technology, The IWMF will
(IWMF) consist ot'6 to 8 tumulus pads, with an equal

extent of ,-32,000 fta, Because the IWMF

has not yet received any wastes, it is not

included within the scopeof the WAG 6
RFI,

There are four groups of waste disposal units
HHI Cut Test 27 boxes 0 3 50 constructed at SWSA 6 for experimental ,

Facility purposes; these are Usted at letL The Hill
' Cut TestFaoilltywas createdasa

Engineered 9 trenches 0,25 b drmonstrationprojecttoevaluatetheuseof ,
Test hillslopecutsfordisposalofhigh-actlvlty

Facility (ETF) LLW, The ETF was established as a field-
scale demonstration site to carry out various

EPICORE b investigationsforimprovedshallowland

i burial (SLB) technology, The EPICORE-II
z Polymer 4 trenches 0,3 b research site is being used to evaluate the

Trenches long-term leachability of solidified
radioactively contaminated ion exchange

resin, The Polymer Trenches were createdas part of a study to evaluate the application

i of grouting to trench wastes,

i Low Hazard 0,4 c The Low Hazard Contaminated Waste
Contaminated Landfill ts used for wastes thought to be free

Waste Landfill of radioactive contamination; however, due
to inability to verify this (for example,

inability to survey interiors of pipes), the
wastes are disposed at SWSA 6,

alnventories are approximate due to ongoing decay and/or incomplete records,
bNo records, IP'
CNo records, Expected to be near zero and insignificant with respect to adjacent units
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Table 1.2. SWSA 6 technology demonstrations

.... ' .... DemonstratiOn" .... '................................ Deso'rlptlon ...... ".... : - ' ....
, .j ll,.,l l ,, , lt " t .... : :, , ,,,, ,I . _.t I ............... '""" ' '

Trench Grouting Field studiesof'trenchgrouting havealsobeen conductedIn the Polymer Trench
"Polymer' trenchas (#349,350,351) Area of SWSA 6, Spalding, Hyder, and Munro (1985) excavated three pl]ob

scale trenches (349, 350, and 351) mea_uring 10 ft by 10 ft by 5 _, Each trench
Wasfitted with etghi,poly vinyl chloride(PVC) well casingsand a centralgrout
h=j_tion weil, The trencheswere filled with suspectsolidwute including
concreteblocks,tires, plpt=a,dt_arded _uipment, woodettpallets, shipping
cartons,andpaperand backfilledwith soil, To measurethe hydraulic
conductivityof thesoils,four boreholeswere placedaroundeachtrench,

Trenches349 and350 were groutedwith sodiumsilicate in Augustand
September1982, respectively;Trench 351 wasgroutedwith aoryhuntdeIn
October 1982, The three trenches were situated so that riley had different depths
to groundwater,Trench 349 penetratedthewater table sowasteswere saturated
for mostof theyear;Trench 350 was abovethe _.asonalhigh pointof the water
table, andTrench 351 was Intermediatebetweenthe two,

Trench Grouting In August1986, particulategroutwasInjectedunderpressureinto Trench 150as
Trench 150 a remedialactiondemonstrationto assesstheeffect of thistype of gl'outingon

trenchsubsidencetrod radionuclidebehavior(Spence,Oodsey,and MeDantel
1987), Besides the benefit offillinglarge voidsandpreventing subsidence,
particulate grouts may immobilize and encapsulate most of the radioisotopes close
to the waste, may redirect water flow away from the waste, and may offer the
advantage of using natural materials that withstand the rigors of weather and
time, ComponentstJsedin thisgroutwereType i Portlandcement(39 percent),
Eastern Class C fly ash (55,5 percent), and bentonite (5,5 percent), A concrete
mixingtruck wasusedto mix the _]Ids with waterand the set

retarder/dlspersingagent, The grout waspumpedthroughlancesdriven Intothetrench, A total of approximately 8,1043gal of grout, with represents about 19
percentof the totaltrenchvolumeand mostof the void volume,was successfully
Injured intoTrench 150,

ISV Demonstration The ISV demonstrationsiteis locatedin thenorthernportion of SWSA 6,
southwest of TARA I, The demonstration, which was the second pilot-scale test,
used a one-half scalesmodelof trench7 end pilot.scale ISV equipment from
Pacific Northwest Laboratory (PNL), The test was conducted during May 1991,

A minimum amount of radioactive waste was placed in the trench to track the
behaviorof radionuclideswhen subjectedto the new pilot ISV, This new ISV
systemwas intendedto demonstratereducedcesium-137volatilityand evaluate
seismicimagingandadwnced thermometricmethodsfor monitoringthe
progression of melting (Jacobs and Spalding 1990),

Samplesof off-gasscrubsolutionswerecollated during the demonstrationand
analyzed by ORNl., After vitrification is completed, samples of the solid mass
will be analyzed for their leachability and composition,

Hill Cut Test Facility Describedin Appendt_tlA,

EPICORE li Described in Appendix IA,

Engineered Test Facility Described in Appendix lA,

Dynamic Compaction Trench subsidence ts ¢,major problem in remediating shallow land dispostd sites,
Trench 271 Subsidence depressions not only create catchments for surface runoff and

pr_tpitatton but also channel water Into contact with buried waste, Furthermore,
surface stability is necessary for almont ali infiltration and Intrusion barriers,
Spalding (1986) conducted a demonstration in SWSA 6 to evaluate the degree of
consolldatton that could be achieved by dynamic compaction of a closed burial
trench in a cohesive sell formation, Trench 271 in the northern portion of
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Table 1.2. (continued)

i_ .... : : ....................... . . . - . ........ : LUJ LI iL ....... _ ..... W

Demonstration De_ortptlon
...................... .................... i ........

DynamioCumpaotlon SWSA 6wasselectedforthisdemonstration,Wastedisposalrecordslndloate
Trenoh271(oont,) thatthetrenohwasoperationalfromMarohtoJu_le1978,duringwhlohtime

about880ltsofwasteweighingapproximately8,_00Ibweredisposed,The
wasteoonslstedprimarilyofcontaminatedequipment,demolitiondebris,and
drysolids,withasmallamountofblologiealwaste,Packagingwasvariable
The inventoryofradioisotopes,totalingabout80Ci,includedmostlystrontium-
90,withsmaUeramount_ofe©slum-137,samarium-151,thorlum-_2,uranlum-

, 238, technetium-99, eeslum-134, ruthenium-106, e_rium-144, iridium-192,
cobalt-60, Iron-59,manganese-54, californium.252, ourium-244, and tin-121,

Compaottonwas aeeompllshed by repeatedlydroppinga 4-ton, ateel-reinforeed
conoreteoylindorfmm'height_ of 12 to 25 R using the whiplhle of a 70-ten
crane, Thegroundsurfaoewasdepressedanaverageof 2,6 R, with someareas
depressedasmuohas615R, Thesurveyedvolumetriodepressiontotaled64
percentofthemeasuredtrenehvoidspacelNeithertrenohsapbulkdensitynor
permeabilitywasaffeetedby eompaotion,Indieatlngthatthe_onsoUdatlonwas
primarily _ubsurfaeel

Dynamlo The proposedTestAreaforRemedlalAc_tlvltlcs(TARA)Phase1 involved
" Compac_tlon/GroutingTest dynamlecompaetionandgrouth_gof19selectedtrenohes,The areaohosenfor
" AreaforRemedialAetlons thlsdemonstrationisahlUoekofapproximately1aereinthenortheasternpart

ofSWSA 6, Thisareawas selcotedforseveralreasonsincludingitshydrologic
isolation,thelikelihoodofitshavingfewcontainersofliquidhazardouswaste,
and the ease of monitoringfor contaminant release througha suite of perimeter
wells (ASG 1987), E_periencegained duringTARA Phase I will be used in the

, design of TARA Phase 2 to assess the impaetsof dynamie compaction on
saturatedtrenohes and on the release of contaminants to groundwater, During
compaction, downgradtentgroundwaterwill b©monitored and, as requLred,

extractedandtreated, ,......

O

-- . Ill
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t Table 1.3 Waste items detonated at the explosives detonation trench

i i i i,, i i i w_,_, ,i li i i

J _ Picric a_ld Aluminum chloride

Picryl chloride Aluminum metal

2, 4-dlnttrophenyl hydrazine Magnesium metal

Ptoramide_ Phosphorus pentasulflde

Phosphorous Methyl acrylate

Zinc peroxide Titanium trichloride

Nitromethane Potassium azide

2, 4-dinitrophenol Phosgene

Hydrazine sohxtion Zinc metal

Barium peroxide Phthalic anhydride

Hydrogen peroxide Cobalt metal

Sodium azide Chromium metal

Charcoal solution' Niobium powder

Thionyl chloride Neodymium

Ammonium nitrate zirconium metal

Source: ORNL, 1985, Explosives Detonation Trench; Inspection Plan and Schedules, Oak Ridge,
Tennessee.
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Table 1.4, WAG 6 RFI report sections and associated appendixes

- 0

i i i i , i li ii i i ._ ., ii L : - i i,ii ,, iii ii H,I i, i i

Section Appendixes
_J* ,i,,,, ,,, _± , ,._=.L__ ........... ,...................... *,, , .... , ,, , . , ,,qf,,, : -:::- -.:

i

1, Introduction tA, SWSA 6 Waste Inventory
IB, Previous Investigationand Ongoing Monitoring

Program

2, Summary of RCRAFacility Investigation 2A, Responseto the U, S, EPA and TDEC Comments
on RFI Plan for ORNL Waste Area Grouping6

.1

3, Physical Characteristicsof the Study Area 3A. HydrogeologloData
, 3B, Bird, Mammal, Reptile, and AmphibianSpecies

Found in OreORR

4, Natureand Extentof Contamination 4A, DataQuality

5, Fate and Transportof Contamination 5A, Surface Water Modeling
5B, Analysis and Resultsof April to May i990 Storm

: Sampling

6, Baseline Human Health Evaluation 6A, Calculationfor Determining Relative Dose from
Radionuclidesin WAG 6 Below-Ground Inventory

6B. Evaluationof Tentatively IdentifiedCompounds
6C, Upper Confidence Limits for Chemicals of Potential

Concernat WAG 6
6D, Radiological Risk Assessment Methodology and

' Results O6E, Calculationof the Accumulation of Contaminantsin

, Soil as a Resultof Off-WAG Irrigation
6F, Chemical Risk Assessment Methodologyand Results
6G, Toxicity Assessment Factors Used in Risk

" Characterization

Ii 7, Baseline Environmental Evaluation 7A. Results of Stirveys for Threatened and Endangered

| Species and Sensitive Environments

8. Preliminary Development and Screening of 8A, Potential AgARs
. Alternatives 8B, Worker Exposure Assessment for WAG 6

,i
9, Summary and Conclusions
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O 2. FIELD INVESTIGATION SUMMARY
2.1 INTRODUCTION

This section summarizes the field activities performed specifically for the WAG 6 RFI
and outlines pertinent activities from other programs that have contributed to the overall
understanding of the site. Interpretations of data collected and descriptions of other,
nonfield, activities of the RFI are provided in Sects. 3, 4, and 5.

Field activities to be conducted during the RFI were originally specified in the WAG 6
RFI Plan (BNl 1989). EPA and TDEC reviewed the plan and provided written comments.
DOE/Energy Systems responded to these comments in May 1990; comments and
corresponding responses are included in Appendix 2A.

A close support laboratory (CSL) was set tlp at the ORNL RI/FS Program Field
Operations Facility (FOF) to permit field radiological screening of environmental samples
for gross alpha and gross beta activity. Screening results were used to determine sample
shipping and laboratory handling requirements. Health and safety hazardous work permits
were prepared for individual work tasks. Workers were briefed on potential hazards, and
then each day signed onto and off the appropriate activity-specific hazardous work permits.
Investigation-derived wastes were handled according to the ORNL RI/FS Waste Management
Plan (BNl 1988b) and approved procedures.

O Technical memorandums were prepared for key field activities. These documentssummarized sampling and measurement activities (such as equipment used, procedures
followed, samples collected, and analyses performed) and analytical results. As described
in the introduction, WAG 6 RFI field investigations were conducted in two parts, referred
to as Activity 1 and Activity 2. Table 2-1 lists the technical memorandums prepared for
WAG 6 RFI field activities and indicates whether they were prepared for Activity 1 or 2.
Activity 1 technical memorandums were published in the WAG 6 Site Characterization
Summary (BNl 1990a). Activity 2 technical memorandums are published as part of this RFI
Report.

2.1.1 Scope

The goals of the WAG 6 RFI were:

• To characterize the nature and extent of contamination associated with WAG 6

sufficiently to achieve the next two goals
• To assess potential impacts of disposed wastes and environmental contamination on

human health and the environment

• To identify preliminary site closure and remediation objectives and perform the initial
development and screening of alternatives

® To provide data to support the development of site closure and corrective action
alternatives

O 2-1
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The investigation included compiling and evaluating historical data associated with past

waste disposal activities and data from other investigations of site conditions. WAG 6 RFI
field investigations were designed specifically to verify and/or fill gaps in the historical data
and to thereby accumulate sufficient data to perform base line human health and
environmental evaluations and a CMS. The following field activities were conducted by
Energy Systems and its subcontractors. Each activity is described in subsequent subsections.

• Surface radiologtca, and gamma radiation exposure rate surveys
e Surface geophysical survey
• Soil gas and well headspace surveys
• Evaluation of existing wells
• Installation of monitoring wells
• Groundwater sampling
•, Measurement of groundwater levels
• Installation of flumes on four main drainageways
• Surface water storm flow measurements using flumes and weirs
• Surface water and sediment sampling
• Surface and subsurface soil sampling
• Biohazard investigation
• Borehole geophysical logging
• Survey for threatened and endangered species
• Wetlands survey dlh
• Reference (background) sampling

Unless otherwise noted, RFI sampling was performed in accordance with ORNL
procedures for environmental surveillance. When planned activities were not addressed by
existing ORNL procedures, special project-specific procedures were prepared and used.
Because of their volume, the project procedures are not included in this report, but copies
of any or ali procedures can be obtained by contacting DOE/Energy Systems.

Analytical protocols for samples collected during the RFI are summarized in Tables 2.2
through 2.8, as follows:

• Table 2.2, "Target Compound List as Defined in 1988 Contract Laboratory Program
(CLP) Statement of WorkmVOCs ''

• Table 2.3, "Target Compound List as Defined in the 1988 CLP Statement of '
WorkmSemivolatiles"

• Table 2.4, "Target Compound List as Defined in 1988 CLP Statement of
Work--Pesticides and PCBs"

• Table 2.5, "Target Analyte List as Defined in 1988 CLP Statement of Work"
• Table 2.6, "Radiological Analytical Parameters"
• Table 2.7, "Field Parameters and Major Ions for Water Samples"
• Table 2.8, "RCRA Appendix IX Constituents"

0
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O 2.1.2 Data Quality Review

To ensure that data quality objectives (DQOs) were achieved for ali RFI samples
collected, quality control (QC) levels were assigned to all samples submitted for analysis.
These QC levels determined the frequency or percentage of QC samples to be evaluated for
each ,analysis. QC levels also determined the amount of supporting documentation, regarding
the analysis of the sample, that would be submitted by the laboratory with each sample result
package. Ali data received from the analytical laboratory were reviewed for contract
compliance and were submitted for validation. Sample results were qualified (flagged) by
the data reviewer to indicate problems or a reduced level of data quality if required as a
result of either field or analytical deficiencies. Appendix 4A presents a detailed assessment
of the quality of WAG6 RFI environmental data.

2.1.3 Data Completeness

As part of the evaluation of RFI data quality (Appendix 4A), an assessment of data
completeness was performed; this constituted an inventory of the number of samples collected
and analyses actually performed for each media compared to those projected in the RFI Plan.
Sampling and analytical completeness for each media are summarized below.

Media Sampling completeness Analytical completeness

O (_) (%)
Groundwater 79 97

Surface water 122 99

Sediment 169 99

Soil 65 99

Sampling completeness was assessed by comparing the number of samples that were
planned to be collected and analyzed to the actual number collected and analyzed. The
percent completeness for each media was calculated for ali individual analytical suites
(Appendix 4A). These numbers were averaged to derive the numbers presented above. The
groundwater sampling completeness of 79% is the result of a lower than projected frequency
of analysis for dioxins/furans, herbicides, and organophosphorous/pesticides as well as for
miscellaneous parameters including biochemical oxygen demand (BOD), chemical oxygen
demand (COD), total organic carbon (TOC), and total organic halides (TOX). The reduced
frequency of analysis (relative to plan) for dioxins/furans, herbicides, and
organophosphorous/pesticides corresponded to a reduced frequency of Appendix IX analyses
relative to Target Compound List (TCL) analyses. For the miscellaneous groundwater
parameters_ it was determined that the reduced frequency was adequate to meet the data
needs of the base line risk assessment and alternative assessment. Sampling completeness
percentages for groundwater semivolatile organic compounds (SVOCs), volatile organic

O compounds (VOCs), and inorganics were 153%, 155%, and 202%, respectively.
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The 65 % soil sampling completeness is primarily a result of an over-estimate in the RFI

Plan of the number of samples that would be determined appropriate for laboratory analyses
based on field screening analyses. In addition, soil samples were not collected as projected
in the plan at the former EDT. Based on interviews with ORNL operations personnel, the
EDT is located immediately adjacent to numerous waste disposal trenches and is covered by
the RCRA ICM cap. The EDT was essentially addressed as part of SWSA 6 in the RFI, and
was not addressed individually in terms of the base line risk assessment or alternatives
assessment.

Analytical completeness is the percentage of useable data derived from the sampling
activities performed. As indicated above, analytical completeness exceeded 95% for ali
media, which was the target completeness goal.

2.2 SURFACE RADIOLOGICAL SURVEY

Surface radiological surveys were performed during both Activity 1 and Activity 2. The
survey for Activity 1 was performed over most of SWSA 6, while the Activity 2 survey was
performed on a portion of WAG 2 and the EWB. Both surveys consisted of a surface scan
and discrete measurements made at locations shown in Fig. 2.1.

For both surveys four types of measurements were made:

O® A continuous near-surface gamma radiation measurement, made with a sodium-iodide
detector within 15 cm of the ground surface

® Fixed-position gamma radiation measurements, made with a sodium-iodide detector in
a cone shield 30 cm above the ground surface

• Total beta-gamma radiation measurements, made with a pancake Geiger-Muller detector
contacting the ground surface

• Gamma radiation exposure rate measurements, made with a pressurized ionization
chamber (PIC) 1 m above the ground surface

2.2.1 Activity 1 Radiological Survey

Between July 16, 1988, and September 11, 1988, a walkover survey was conducted on
approximately 74% of WAG 6 (49 acres). The survey characterized radioactive
contamination of surface soils and helped define site-specific worker health and safety
requirements for implementation of the RCRA ICM and RFI field activities. The ICM caps
were placed over trenches to prevent surface water infiltration. The survey identified a
number of locations at which surface radiation levels were higher than three times daily
background (which was measured off the WAG). These areas were field marked for
remediation during site preparation for placement of the ICM caps. Gamma radiation
exposure rate measurements were used to support the base line human health risk assessment.

O
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O 2.2.2 Activity 2 Radiological Survey

Between December 5, 1989, andFebruary 16, 1990, an additionalwalkover survey was
performed for the EWB area and a portion of WAG 2. Isolated areas of above-normal
surface radiation were identified in the northern area of the EWB and in the WOC area,
Elevated radiation survey readings were used as input for the selection of soil sampling
locations andalso were used to determine appropriate health and safety requirements for RFI
workers.

2.3 GEOPHYSICAL SURVEY

An electromagnetic terrain conductivity (EM) survey was performed during Activity 1
in November 1988. The survey objectives were to help identify potential contaminant
plumes, to guide the siting of groundwater wells and soil borings, and to delineate the trench
areas and the areas for rurface soil investigation.

Twenty-three survey lines, oriented east-west on the ORNL grid system and spaced
100 ft apart, covered the area inside the SWSA 6 securi_ fence. At 10-ft intervals along the
lines, data were collected. A Geonics EM 34 terrain conductivity meter was employed in
the survey. Figure 2.2 shows the survey lines and electromagnetic contour lines.

ii[ _ The EM survey data were interpreted based on general conductivity values; locations

! _ showing conductivity anomalies were noted. The EM data revealed considerable

interferences from fences, power lines, and metallic materials at the ground surface (e.g.,
piping and debris)• Due to this interference, the EM survey was unable to clearly define the

1 trench area boundaries or any contaminant plumes that might have been present.

The RFI Plan specified a specific geophysical investigation to discover the location of
a transuranic (TRU) cask that was reportedly buried in a trench at SWSA 6; however, this
investigation was not conducted. Discussions with waste management personnel indicated
that containers, boxes, and casks containing wastes were buried in many trenches at the
SWSA. lt was determined that geophysical methods would not be able to discriminate
between the TRU cask and the numerous other such contains,rs and other objects (e.g., lead

shielding) buried at the site•2.4 SOIL GAS SURVEY

Soil gas surveys were performed during Activity 1 and Activity 2. Each is discussed
separately in the following subsections.

2.4.1 Activity 1 Soil Gas Survey

The Activity 1 soil gas survey was conducted within SWSA 6 to detect the presence of
VOCs around the perimeter of selected trench areas. The survey was conducted in three

O phases. During the first phase, conducted between March 7, 1989, and March 29, 1989,84 soil and well gas (headspace) samples were collected and measured for VOC
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concentrations with flame ionization and photo ionization field analytical instruments. In the
second phase, conducted between April 3 through 7, 1989, 41 of the earlier sampling
locations that had shown elevated VOC concentrations were resampled, and the samples were
analyzed with a portable gas chromatograph (GC). In general, soil gas sample depths ranged
from 4 to 9 ft. During the third phase, 10 nonintrusive VOC sampling devices were placed,
retrieved, and analyzed April 5 through 11, 1989, by Quadrel Services, Inc. Figure 2.3
shows soil gas sampling locations for Activity 1. Results were used (with other data) to
identify potential VOC contaminant plumes and to help select locations for soil sampling and
installation of groundwater monitoring wells.

2.4.2 Activi_ 2 Soil Gas Survey

During Activity 2, a soil gas investigation was conducted from December 1989 through
January 1990 in the EWB area and in four areas within SWSA 6, as shown in Fig. 2.4. This
survey's purpose also was to detect the potential presence of VOCs and, in conjunction with
other nonintrusive surveys, to locate soil sampling points.

Because of wet conditions during Activity 2, extraction of soil gas in situ was t,,ot
feasible. Instead, soil samples were collected from a depth of 12 in. to 18 in. and taken to
the CSL for soil headspace GC analysis. The soil headspace samples analytical results
indicated the presence of VOCs in the soil, and this information was used to identify
additional well locations. Well headspace samples were also collected during Activity 2;
after collection and equilibration, these were returned to the CSL for analysis by GC.

2.5 GROUNDWATER INVESTIGATION

This section discusses the groundwater monitoring that was performed during Activity 1
and Activity 2 of the RFI. The groundwater investigation utilized two groups of wells: the
800 series, which are the ORNL RCRA Compliance Program wells, and the 1200 series,
which were installed specifically as part of the WAG 6 RFI.

There are 30 RCRA compliance wells and 22 RFI wells. Ali 52 wells were installed
between June 1987 and June 1990. Ali were constructed with stainless steel screens and

casing and were drilled and installed in general conformance with the RCRA Groundwater
Monitcring Technical Enforcement Guidance Document (TEGD) (EPA 1986a).

2.5.1 ORNL RCRA Groundwater Compliance Program

"I_ae30 ORNL RCRA compliance wells were installed to sample the shallow portion of
the water table aquifer, which, as described in Sect. 3, comprises the majority of active
groundwater flow. For compliance purposes, 21 of the 30 wells have been designated to
serve as the actual RCRA monitoring network, which consists of 14 perimeter wells and
7 upgradient wells that serve as the reference wells. The remaining nine wells are located
within SWSA 6 and are used fbr char_.cterization purposes only.

O
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O With few exceptions, wells designated as part of the compliance monitoring network
were instal!cd as well pairs. The shallow well of each pair generally is screened to monitor
the zone of fluctuation of the water table, while the deeper well is installed below the water
table completely within the zone of saturation. The locations of ORNL RCRA compliance
wells are shown in Fig. 2.5.

2.5.2 WAG 6 RFI Monitoring Well Installation

The 22 WAG 6 RFI groundwater monitoring wells were installed to improve upon the
definition of groundwater contamination that could be provided by the RCRA compliance
network alone. Nine of the RFI wells (1225 through 1233) are shallow wells and were
installed in March 1989 as part of Activity 1. The remaining 13 wells, consisting of 4 deep
bedrc,_-kwells (1234, 1236, 1238, 1239), 6 intermediate-depth bedrock wells (1249, 1237,
1241, 1242, 1244, and 1.245) and 3 additional shallow wells (1235, 1240, 1243) were
installed as par_ ",f Activity 2 between January and May 1990. RF! well locations are shown
in Fig. 2.6. Details o,_'daeRFI well installations for Activity 1 and ,,kctivity 2 are provided
in the following subsections.

2.5.2.1 Activity 1 well inst_llation

Eight well points and nine RFI wells were installed in SWSA 6 during Activity 1 of the
WAG 6 RFI. The well points were installed before well installation to determine the depths

O for positioning the well screens. The well points depths ranged from 7.8 to 35.5 ft. The
well depths, selected on the basis of water levels measured in the well points, ranged from
7.5 to 24.0 ft. Screened intervals ranged from 2.0 to 22.5 ft.

Three of the first nine RFI wells were installed as storm flow zone wells. (For a
discussion of storm flow, see Sect. 3.) The six other wells were installed to allow sampling
of the shallowest groundwater.

2.5.2.2 Activity 2 well installation

Thirteen additional RFI groundwater monitoring wells were installed from January
through May 1990. Well locations and completion depths were selected based on analysis
of data collected during previous ir,vestigations. Monitoring well completion depths were
23.6 to 27.2 ft in the shallow overburden (regolith), 27.32 ft in the contact zone, 24.09 to
70.5 ft in the intermediate bedrock, and 147 to 160 ft in the deep bedrock. Screen intervals

. ranged from 15 to 20 ft. (Rock cores were obtained,from Deep Well 1234 and from a
portion of Well 1237.)

2.5.3 Geophysical Logging of RFI Bedrock Well_

The four deepest bedrock monitoring wells (1234, 1236, 1238, and 1239) were used to
assess the groundwater quality and hydrology of the lower flow component of the shallow

O aquifer system. Following drilling and before well installation, ali four open boreholes weregeophysically logged by ORNL. Table 2.10 summarizes the borehole geophysical logging
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program. The primary objectives of the geophysical logging were: (1) to identify water- _i j
bearing fractured bedrock to aid in selecting well screen intervals and depths for future well
installations; (2) to further characterize local bedrock geolo_y and hydroL'eology; and (3) to
allow stratigraphic and st_ctural comparisons with exist,,ng geophysical logs for hydraulic
head monitoring station (HHMS) wells located within SWSA 6. The geophysically logged
wells are shown in Fig. 2.6.

2.5.4 Groundwater Sampling and Analysis

Sampling and analysis of groundwater was conducted to investigate the nature, extent,
and concentrations of conta_'r,inants present in the groundwater, to evr,luate groundwater
geochemistry, and to help determine the potential for contaminant migration from WAG 6.
Beginning in June 1988, 10 distinct sampling events were conducted among the monitoring
wells at WAG 6, either as part of ORNL RCRA compliance monitoring or WAG 6 RFI
activities. Table 2.11 indicates the wells that were sampled during each sampling event, and
Tables 2.12 and 2.13 indicate analytical suites for each well for each round. Along with the
sampling event, water level measurements were collected prior to purging the weil.

As indicated in Table 2,11, the first WAG 6 RFI groundwater sampling event occurred
in April through May 1989, which coincided with the fourth sampling event of the RCRA
compliance monitoring program. The RFI sampling included Activity 1 RFI wells installed
in 1989 and the nine interior RCRA compliance program wells not previously sampled by
the RCRA Compliance Monitoring Program. During storm events (May 9 through 11 and W
June 8 through 9, 1989), two sampling rounds Were conducted on the RFI wells and selected
interior RCRA compliance site characterization wells to assess the effects of precipitation on
shallow groundwater' chemistry. The nine RFI wells and nine interior ORNL wells were
sampled in August of 1989 to assess groundwater quality under seasonal low groundwater
conditions.

Following the installation of the additional 13 RFI monitoring wells during Activity 2,
art additional sampling round was conducted from May 9 through 30, 1990, on the newly
installed wells and on those RFI wells for which samples had not been obtained in previous
sampling rounds because the wells were dry. Again, sampling events coincided with the
ORNL semiannual compliance monitoring sampling event. WAG 6 RFI project personnel
accompanied ORNL sampling crews to collect supplemental samples (geochemical analyses)
from select perimeter and upgradient well pairs. Sample splits were also collected from some
compliance wells to provide a basis for comparison of laboratory analytical results from the
ORNL Analytical Chemistry Division /ACD), which analyzed ORNL RCRA compliance
program samples, and lT Corporation, which analyzed RFI samples. Samples were also
collected from three existing polyvinyl ch'loride (PVC) piezometers from the Engineering Test
Facility (ETF) area to be analyzed for geochemical parameters only. During the tenth
sampling event (June 11 through 20, 1990) wells were sampled for metals (total and
dissolved), anions, (carbonate/bicarbonate), and alkalinity. Wells 1226, 1230, and 1232
remained dry during ali sampling events and consequently have never been sampled.

@
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O 2.6 SURFACE WATER INVESTIGATION

This section discusses the surface water sampling events for Activities 1 and 2 of the
WAG 6 RFI, The general objectives of the surface water investigation were to characterize
surface water contamination, provide data to support evaluation of interactions between
surface water andgroundwater, andprovide flow data andcontaminant characterization data
to support modeling of contaminantflux at the WAG 6 boundary.

2.6.1 Reference Surface Water Sampling

On May 22, 1990, two reference samples were collected from locations on the
headwaters of Melton Branch (Fig, 2.7). This creek is in an area well separated from any
waste management areas and represents an uncontaminated area of the ORR. The samples
were analyzed for TCL VOCs, base neutral and acid extractables (BNAEs), and
pesticides/polychlorinated biphenyls (PCBs), and Target Analytes List (TAL) metals,
cyanide, and radionuclides. One sample was analyzed for Appendix IX constituents.
WAG 6 contaminants are compared with reference sample constituents collected from
uncontaminated areas on the ORR.

2.6.2 Site Surface Water Sampling

Surface water samples and measurements were taken during both Activity 1 and 2. Each

O is discussed below.

2.6.2.1 Activity 1 surface water sampling

In February, April, and May 1989, surface water samples were collected using ESP
procedures at 16 locations on intermittent streams within the WAG, at one location in the
EWB, and at one seep (Fig. 2.8). Samples were collected and analyzed for TCL organics,
TAL inorganics, radioactive constituents, anions, total dissolved solids (TDS), sulfide,
alkalinity, COD, TOC, total kjeldahl nitrogen (TKN), BOD, andfecal coliforms. Conditions
existing during each sampling event were as follows:

• February 1989: Base flow during high groundwater level; before installationof the ICM
caps

• April 1989: Base flow during high groundwater level; after installation of the ICM caps
• May 1989' Storm event flow during high groundwater level

. • September 1989: Under conditions of low base flow and storm flow during low
groundwater table.

During the pre-ICM cap sampling, only 11 of the locations contained water enough to
obtain a sample; under the high water table conditions, only 6 locations were sampled; during
the storm event, 14 of the sites were sampled.

"
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' 2.6.2.2 Activity 2 surface water sampling

To provide clatator calibrating the surface water contaminant transport model, surface
water flow measurements were made and samples were collected during two storm events
during Activity 2. To allow flow measurements to be taken, Parshall and trapezoidal flumes
were installed at the locations shown in Fig. 2.8. For the storm events, eight automatic
samplers controlled by the four electronic data loggers were placed on the four main
drainages of WAG 6, The ORNL Environmental Science Division's (ESD) Hydrology
Group and WAG 6 RFI personnel collected discharge data and operated electronic data
loggers and automatic sequential water samplers. At each automatic sampler location,
48 grab samples were collected and analyzed for TAL metals and radioactive constituents.

2.7 SOILS INVESTIGATION

This suction discusses the WAG 6 RFI soil investigation, which was conducted during
both Ar:tivity 1 and Activity :2, The primary objectives of the soil investigation were to help
define the extent of soil contamination in WAG 6, aid in defining contaminant migration
pathways, and provide soils data to support development of remedial action alternatives.
Sampling activities, including reference sampling, are discussed in the following sections.

2.7.1 Reference Soil Sampling

From October through December 1989, 20 reference soil samples were collected from
four boreholes (one to four samples per borehole and 10 shallow soil sampling locations)
(Fig. 2.7). Samples were analyzed for TCL VOCs, BNAEs, pesticides, PCBs, TAL metals,
and radionuclides.

2.7.2 Sile Soil Sampling

Site soil Sampling was conducted during both Activity 1 and Activity 2 of the WAG 6
RFI, as discussed in the following subsections. Figure 2.9 shows soil sampling locations.

2.7.2.1 Activity 1 soil sampling

Between December 1988 and January 1989, 53 borings were drilled to auger refusal.
Boring depths ranged from 5.4 to 51.2 ft, and sampling was performed continuously. As
samples were collected, they were surveyed for chemical and radiological contamination
using field instruments, Based on the results of the field, screening, 63 samples were
submitted for laboratory analysis of TCL organics, TAL inorganics, and radioactive
constituents.

The soil borings were conducted only around the perimeters of the waste disposal areas.
There were no attempts to drill into the waste disposal trenches and auger holes themselves,
both because of the difficulty in characterizing heterogeneous waste materials and the hazards
presented by drilling into unknown waste materials.
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i 2.7.2.2 Activity 2 soil sampling

Between December 1989 and March 1990, in conjunction with well installation, eight
soil borings were drilled and continuously sampled until auger refusal. Boring depths ranged
from 16.3 to 48.25 ft. As samples were collected, they were surveyed for chemical and
radiological contamination using field instruments. Based on the field screening results,
17 samples were submitted for full TCL and TAL analysis and for selected radiological
analyses.

2.8 SEDIMENTS INVESTIGATION

Sediment sampling was performed during both Activity 1 and Activity 2 to define the
nature and extent of sediment contamination on WAG 6. The following sections summarize
sediment sampling activities, including reference sampling.

2.8.1 Reference Sediment Sampling

Reference samples are used to determine site contamination at WAG 6. Reference
sediment samples were collected under base flow conditions May 24 and 25, 1990, from four
locations chosen because they are hydrologically separated from ORNL waste management
activities yet contain sediments derived from Conasauga Group material. Samples were
analyzed for TCL VOCs, BNAEs, pesticides/PCBs, TAL metals, cyanide, and radionuclides.

O sampling locations are shown in Fig. 2.10.
Reference

2.8.2 Site Sediment Sampling

Sediment sampling was conducted during Activity 1 and Activity 2 at locations shown
in Fig. 2.11. During the Activity 1 period, sediment samples were collected by ORNL in
conjunction with the ICM cap construction. During Activity 2, in February and March 1990,
sediment samples were collected at 31 locations within WAG 6, including 16 samples from
the EWB. The objective of this sampling was to collect contaminant and concentration level
data to support the baseline risk assessment. Samples were analyzed for the full TCL and
TAL regime and for radionuclide constituents. Select samples were analyzed for the full
suite of Appendix IX chemicals.

2.9 ECOLOGY INVESTIGATION

ORNL_s ESD conducted surveys for threatened and endangered species and sensitive
environments in WAG 6. From May through September 1990, surveys were conducted tbr
fish, invertebrates, birds, mammals, plants, and wetlands. No threatened or endangered
species or sensitive environments were found. No other ecological investigation was
performed as part of the RFI field sampling activities.
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The biohazard investigation was conducted during both Activity 1 and Activity 2 to
determine if the microbiological contents of the soils, surface water, and groundwater at
WAG 6 are of normal character (e.g., standard plate, total coliforms, fecal coliform, colony
morphology). Samples were analyzed primarily for bacteria content. Activities are described
in the following sections.

2.10.1 Activity 1 Biohazard Sampling

Sixteen soil samples, ali downgradient of the biological waste trench areas, were taken
at depths up to 3 ft. Forty-four water samples were taken. Groundwater samples were
taken from existing RCRA monitoring wells, and surface water samples were taken at the
gaging stations existing in August and November 1988 and at the WOL control structure.
Soil sampling locations are shown in Fig. 2.12. Groundwater and surface water sampling
locations are shown in Fig. 2.13.

2.10.2 Activity 2 Biohazard Sampling

The Activity 2 biohazard investigation was a follow-up to biohazard sampling conducted
during Activity 1, during which an unidentified bacteria was noted in SWSA 6 groundwater.

The objective of Activity 2 sampling was to:

. * Confirm the continued presence of the unidentified bacteria in SWSA 6 groundwater
• Determine if the organism was present in areas immediately adjacent to SWSA 6
® Determine if the organism was present in other ORR and ORNL areas

Surface water samples were collected from four locations outside ORNL and the ORR
to determine if the organism were generally present in local waterways (Fig. 2.14). At one
location, a sediment sample was collected. In addition, during July 1990, groundwater
samples were collected from 49 wells located throughout ORR. These sampling locations
are shown in Fig. 2.15.

The sampling program indicated th:epresence of an unidentified bacteria in the natural
environment in locations remote fromthe ORNL area. Tentative identification of the
organism by 16SRNA analysis indicated that the organism is not representative of a genera
with abnormal human health concern, lt was consequently concluded that the biohazard
sampling program revealed no abnormal biological hazard at SWSA 6.
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O Table 2.1. WAG 6 RFI Technical Memorandums

Technical Subject
memorandum

Activity 1°

06-01 Review of Analytical Data Quality and Qualification of Analytical Results

06-02 Existing Well Investigation

06-03 Waste Area Grouping 6 RFI Soil Gas 3urvey

06-04 Radiation Walkover Survey Results for WAG 6 SWMU 6,2, SWSA 6

06-05 Interim S_trface Water Sampling for the ORNL WAG 6 RFI

06-06 WAG 6 Electromagnetic Survey

06-07 Validation of ORNL Groundwater Data

06-08 WAG 6 RFI Well Installation

06-09 Groundwater Sampling at SWSA 6

06-10 Biohazard Investigation Results for WAG 6 SWMU 6,1, SWSA 6

O 06-11 WAG 6 Waste Management
06-12 PHASE I Soil Sampling for the ORNL WAG 6 RFI

Activity 2
i

06-03A Soil Gas Survey (Phase 1, Activity 2)

06-04A Surface Radiological Investigation for WAG 6, SWMU 6.2, Emergency Waste
Basin (EWB) (Phase 1, Activity 2)

06-05A b Surface Water and Sediment Sampling for the ORNL WAG 6 RFI (Phase 1,
Activity 2)

06-08A WAG 6 RFI Well Installation (Phase 1, Activity 2)

06-09A b Groundwater Sampling at WAG 6

' 06-10A b WAG 6 Biohazard Investigation Results (Phase 1, Activity 2)

06-12A Soil Sampling for the ORNL WAG 6 RFI (Phase 1, Activity 2)

06-13 WAG 6 Borehole Geophysical Logging

06-14 Demographic Data to Support WAG 6 RFI

06-15 Reference Sampling for the ORNL WAG 6 RFI

"These Activity 1 TMs were included in WAG 6 Site Characterization Summary (BNl 1990a).
_l'hese TMs summarize Activity 1 and Activity 2 data.

0
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Table 2.2. Target compound IL_tas defined in 1988 CLP statement of workmVOCs

J t ii i1

Quantitation limits*
CAS soil (_g/kg) b

VOCs number water (pg/L)

Chloromethane 74-87-3 10
Bromomethane 74-83-9 10

Vinyl chloride 75-01-4 10
Chloroethane 75-00-3 10

Methylene chloride 75..09-2 5
Acetone 67-64-1 10
Carbon disulfide 75-15-0 5 '

1, l-Diehloroethene 75-35-4 5
1, l-Diehloroethane 75-35-3 5

1,2-Diehloroethene (total) 540-59-0 5
Chloroform 67-66-3 5

1,2-Dichloroethane 107-06-2 5
2-butanone 78-93-3 10

1,1, l-Triehloroethane 71-55-6 5
Carbon tetrachloride 56-23-5 5

Vinyl acetate 108-05-4 I0
Bromodichioromethane 75-27-4 5

"1,1,2,2-Tetraehioroethane 79-34-5 5
1,2-Diehloropropane 78-87-5 5
cis-l,3-Dichloropropene 10061-01-5 5
Triehloroethene 79-01-6 5
Dibromoehloromethane 124-48-1 5

1,1,2-Trichloroethane 79.430-5 5
Benzene 71-43-2 5

trans- 1,3-Diehloropropene 10061-02-6 5
Bromoform 75-25-2 5
2-Hexanone 591-78-6 I0

4-Methyl-2-pentanone 108-10-1 10
tetrachloroethene 127-18-4 5
Toluene I08-88-3 5
Chlorobenzene 108-90-7 5

Ethyl benzene 100-41-4 5
Styrene 100-42-5 5
Xylenes (total) 133-02-7, 5

*Quantitation limits are highly matrix dependent. The quantitation limits listed are provided for guidance
and may not always be achievable.

_'Quantitation limits for soil are based on wet weight, The quantitation limits calculated by the laboratory
for soil sediment are calculated on a dry-weight basis.

Source; EPA. 1988i, Contract Laboratory. Program Statement of Work: Multi-Media, Multi-
Concentration, Appendix 2 to OWSER 9240.0-1, Washington, D.C.
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0
Table 2.3 Target compound list as defined in 1988 CLP statement of work--semivolatlles

CAS ouantitation lin.dts_
Semivolatiles number water (#g/L) soil (ttg/kg) b

llll

Phenol 108-95-2 10 330

bis(2-Chloroethyl)ether 111-44-4 l0 330
2-chlorophenol 95 -57-8 10 330
l, 3-Dichlorobenzene 541-73-1 10 330
1,4-Dichlorobenzene 106-46-7 l0 330
Benzyl alcohel 100-51-6 l0 330
1,2-Dichlorobenzene 95_50-I 10 330

2-Methyiphenol 95-48-7 l0 330
bis(2-chlorolsopropyl)ether 39638-32-9 l0 330
4-Methylphenol 106.44-5 10 330
N-Nttroso-Dipropylamine 621-64-7 I0 330
Hexachloroethane 67-72-1 10 330
Nitrobenzene 98-95 -3 10 330

Isophorone 78-59-1 10 330

O 2-Nitrophenol 88-75-5 l0 3302,4-Dimethylphenol 105-67-9 10 330
Benzoic acid 65-85-0 50 1600

bis(2-chloroethoxy)methane 111-91-1 10 330
2,4-Dichlorophenol 120-83-2 10 330
1,2,4-Trichlorobenzene 120-82-1 l0 330

Naphthalene 91-20-3 10 330
4-Chloroaniline 106-47-8 10 330
Hexachlorobutadiene 87-68-3 l0 330

4-Chloro-3-methylphenol (para-chloro-meta-cresol) 59-50-7 10 330
2-Methylnaphthalene 91-57-6 10 330

Hexachlorocyclopentadiene 77-47-4 10 330
2A,6-Trichlorophenol 88-06-2 l0 330
2,4,5-Trichlorophenol 95-95-4 50 1600
2-Chloronaphthalene 91..58-7 l0 330
2-Nitroaniline 88-74-4 50 1600

Dimethyl phthalate ' 13 l- 11-3 10 330
Acenaphthylene 208-96-8 10 330
2,6-Dinitrotoluene 606-20-2 l0 330
3-Nitroaniline 99-09-2 50 1600

Acenaphthene 83-32-9 10 330
2,4-Dinitrophenol 51-28-5 50 1600
4-Nitrophenol 100-02-7 50 1600
Dibenzofilran 132-64-9 10 330

2,4-Dinitrotoluene 121- 14-2 10 330

Q



2-16 O
Table 2,3 (continued)

CAS Ou_titatton limits"
Sendvolattles number "water Otg/L) soil (#g/kg) _

Diothyiphthalate 84-66-2 10 330
4-Chlorophenyl phenyl other 7005-72-3 10 330
Fluorene 86-73 -7 10 330
4-Nitroaniltne 100..01-.6 50 1600

4,6-D!nitro-2-methylphenol 534-52-1 50 1600
N-nltrosodiphenylamine 86-30.-6 10 330
4-B romophenyl-phenylether 101-55-3 10 330
Hexaehlorobenzene 118-74- I 10 330

Pentaehlorophenol 87-86-5 50 1600
Phenanthrene 85-01-8 10 330
Anthracene 120-12-7 10 330

Di-n-butylphthalate . 84-74-2 10 330
Fluoranthene 206-44-0 10 330

Pyrene 129-00-0 ]tO 330

Butyl benzyl phthalate 85-68-7 10 330
3,3'-Dichlorobenztdine 91-94-1 20 660

Benzo(a)anthracene 56-55-3 10 330 i
Chrysene 218-01-9 10 330

' bis(2..ethylhexyl)phthalate 117-81-7 10 330
Di-n-octyl phthalato 117-84..0 10 330
BenzoCo)fluoranthene 205-99-2 10 330
Benzo(k)fluorantheno 207-08-9 10 330

Benzo(a)pyrene 50-32-8 10 330
Indene( 1,2,3-cd)pyrene 193-39-5 10 330
Dibenz(a,h)anthracene 53-70-3 10 330

Benzo(g, h, i)pery lene 191-24-2 10 330

°Quantitation limits are highly matrix dependent. The quantitation limits listed are provided tbr guidance

and may not always be achievable.
bQuantitation limits for soil are based on wet weight. The quantimtion limits calculated by the laboratory

for soil sediment are calculated on a dry-weight basis,

Source: EPA. 19881, Contract Laboratory Program Statement of Work: Multi-Media, Multi-

Concentration, Appendix 2 to OWSER 9240,0-1, Washington, D.C.

I
i
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Table 2.4 Target compound list as defined in 1988 CLP statement of work---pesticides/pCBs

CAS Quanl_itat_onlimit_ _
Pestieides/PCBs number water Otg/L) sell (#g/kg) b

alpha-BHC 319-84-6 0,05 8,0
beta-BHC 319-85-7 0,05 8,0
delta-BHC 319-86-8 0,05 8,0

gamma-BHC (lindane) 58-89-9 0,05 8,0
Heptaehlor 76..44-8 0.05 8.0
Aldrin 309,00-2 0,05 8,0

Heptaehlor epoxide 1024-57-3 0.05 8.0
Endosul fan I 959-98- 8 0.05 8,0
Dieldrin 60-57-1 0,10 16.0

4,4'-DDE 72-55-9 0,10 16.0
Endrin 72-20-8 0,10 16.0
Endosulfan II 33213.-65-9 0.10 16.0

4,4'-DDD 72-54-8 0.10 16,0
Endosulfan sulfate 1031-07-8 0.10 16.0
44'-DDT 50-29-3 0,10 16,0

Endrin ketone 53494-70-5 0,10 16.0

O Methoxyehlor 72..43-5 0.5 80,0alpha.-ehlordane 5103-71-9 0.5 80,0
gamrna-.ehlordane 5103-74-2 0.5 80.0
Toxaphene 8001-35-2 1,0 160,0
Aroeior-1016 12674-11-2 0.5 80.0
Aroelor-1221 1] 104-28-2 0.5 80.0
Aroclor- 1232 11141-1i5-5 0.5 80.0
Aroelor- 1242 53469-21-9 0.5 80.0
Aroelor- 1248 12672-29-6 0.5 80.0
Aroclor- 1254 I 1097-69-1 1.0 160.0
Aroelor- 1260 11096-82-5 1.0 160.0

"Quantitation limits are highly matrix dependent. The quantitation limits listed are provided for guidance
and may not always be achievable,

bQuantitation limits for soil are based on wet weight. The quantitation limits calculated by the laboratory
for soil sediment are calculated on a dry-weight basis,

Source: EPA. 1988i. Contract Labora'tory Program Statement of Work: Multi-Media, Multiu
Concentration, Appendix 2 to OWSER 9240.0-1, Washington, ).C.
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Table 2.5. Target analyte list as defined in 1988 CLP statement of work

,' _: CAS Quantitation limits*
Metals number water Otg/L) soil Otg/kg) b

Aluminum 7429-90,5 200.0 40,000

Antimony 7440-36-0 60.0 12,000
Arsenic 7440-38-2 10.0 2,000
Barium 7440-39-3 200.0 40,000

Beryllium 7440-41-7 5.0 1,000
Cadmium 7440-43-9 5.0 1,000
Calcium 7440-70-2 5000.0 1,000,000
Chromium 7440-47-3 10.0 2,000
Cobalt 7440-48-4 50.0 10,000

Copper 7440-50-8 25.0 5,000
Iron 7439-89-6 100.0 20,000
Lead 7439-92-1 5.0 1,000

Magnesium 7439-95-4 5000.0 1,000,000
Manganese 7439-96-5 15.0 3,000

Mercury 7439-97-6 0.2 40,000
Nickel 7440-02-0 40.0 8,000

Potassium 7440-09-7 5000.0 1,000,000 ml
Selenium 7782-49-2 5.0 1,000
Silver 7740-22-.4 10.0 2,000
Sodium 7440-23-5 5000.0 1,000,000

Thallium 7440-28-0 10.0 2,000
Vanadium 7440-62-2 50.0 10,000
Zinc 7440-66-6 20.0 4,000

Other

Cyanide 57-12-5 10.0 --

°Quantitation limits are highly matrix dependent. The quantitation limits listed are provided for guidance
and may not always be achievable.

bQuantitation limits for soil are based on wet weight. The quantitation limits calculated by the laboratory
for soil sediment are calculated on a dry-weight basis.

Source: EPA. 1988i. Contract Laboratory Program Statement of Work: Multi-Media, Multi-
Concentration, Appendix 2 to OWSER 9240.0-1, Washington, D.C.
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O Table 2.6. Rarllo!_,gltal analytical parameters

Analyte Detection limit goals

Americium-241 (1.0 pCi/L)
Cadmium/indium- 115

Calcium-45 (6 pCi/L)
Carbon- 14 (100 pC i/L)

Curium isotopic (1 pCi/L)
Gamma isotopic (20 pCi/L Cs-137)
Gross alpha - total (pCi/L - < 500 ppm solids)
Gross bota total (4 pCi/L - < 500 ppm solids)
Iodine' 129 (10 pCi/L)
Iodine-131 (1 pCi/L)
Iron-55 (100 pCi/L)
I.,¢ad-210 (20 pCi/L)

Neptunium-237 (1.0 pCi/L)
Nickel-63 (100 pCi/L)

Plutonium isotopic (1 pCi/L)
Plutonium isotopic (including Pu-241) (Pu 24i: 10 pCi/L)
Polonium-219 (1 pCi/L)

O Promethium- 147 (50 pCi/L)Radium-226 (1.0 p_i/L)
Radium-226,228 (1.0 pCi/L, 3.0 pCi/L)
Radon-220 (volume dependent)
Radon-220/222 (10 pCi/L)
Ruthenium- 106 (150 pCi/L)
Strontium-89/90 (10 pCi/L, 5 pCi/L)
Strontium-90 (5 pCi/L)
Technitium-99 (30 pCi/I )

Thorium isotopic (1.0 pCi/L)
Thorium isotopic (including Th-234) (10 pCi/L, Th-234)
Tritium (500 pCi/L)
Uranium-total (fluorometric) (5 ug/l)
Uranium isotopic (1.0 pCi/L)
Uranium isotopic (including U-232) (1 pCi/L, U-232)

Gross alpha/beta (total)

Source: EPA. 1988i. Contract Laboratory Program Statement of Work: Multi-Media, Multi-
Concentration, Appendix 2 to OWSER 9240.0-1, Washington, D.C.

®
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Table 2.7. Field parameters and major ions for water samples

Field parameters Major ions

Eh* Alkalinity

pH Bicarbonate (from alkalinity)

Specific electrical conductance Carbonate (from alkalinity)

Temperature Calcium
DOb Chloride

Magnesium
Nitrate

Potassium •

Sodium
Sulfate

Sulfide

°Oxidation-reduction potential was not always measured as part of the field parameters.
_Dissolved oxygen was measured only in surface water samples.

Source." EPA. 1986f. Test Methods for Evaluating Solid Waste, Volume lC: Laboratory I
Manual Physt_al/Chemical Methods, SW-846, Office of Solid Waste and Emergency Response,

"11v

Washington, D.C.
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O Table 2.8. RCRA Appendix IX Constituents

Water CRDLs"

Compounds/elements CAS number (#g/L)

VOLATILES
Acetone 67-64-1 10

Acetonitrile (methyl cyanide) 75-05-8 1000
Acrolein 107-02-8 10

Acrylonitrile 107-13-1 10
Ally chloride (3-chloropropene) 107-05-1 5
Benzene 71-43-2 5
Bromodichloromethane 75-27-4 5
Bromoform 75-25-2 5
Carbon disul fide 75-15 -0 : 5
Carbon tetrachloride 56-23-5 5
Chlorobenzene 108-90-7 5
Chloroethane , 75430-3 10
Chloroform 67-66-3 5

Chloroprene 126-99 -8 5
Dibromochl oromethane 124-4 8-1 5

O 1,2-Dibromo-3-ehloropropane 96-12-8 101,2-Dibromoethane 106-93-4 5
trans-1,4-Diehloro-2-butene 110-57-6 100
Dichlorodifluoromethane 75-71-8 200

1,1-Diehloroethane 75-34-3 5
1,2-Dicbioroethane 107-06-2 5

1, l-Diehloroethylene 75-35-4 5
trans-1,2-Dichioroethylene 156-60-5 5
1,2-Dichloropropane 78-87-5 5
cis-l,3-Dichloropropene 10061-01-55 5
trans- 1,3-Dichloropropene 10061-02-65 5
1A-Dioxane 123-91 -1 5000q

Ethylbenzene 100-41-4 5
2-Hexanone " 591-78-6 10

Isobutyl alcohol 78-83-1 3000
Methaerylonitrile " 126-98-7 10
Methyl bromide (bromomethane) 74-.83-9 10
Methyl chloride (chloromethane) 74-87-3 10
Methylene bromide (dibromomethane) 74-,95-3 10
Methylene chloride (dichloromethane) ' 75-09-2 5
Methyl ethyl ketone 78-93-3 10
Methyl iodide (iodomethane) 74-88-4 5
Methyl methacrylate 80-62-6 10
4-Methyl-2-pentanone (methyl isobutyl ketone) 108-10-1 10
Pentachioroethane 76-01-7 20

Propionitrile (ethyl cyanide) 107-12-0 100 ..

O Pyridine 110-86-1 20,000

t
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' Table 2.8. (continued)

Water CRDLs"

Compounds/elements CAS number (#g/L)
,,a,,=1 J

VOLATILES (continued)

Styrene 100-42-5 5
i, 1,1,2-Tetrachlorethane 630-20-6 5.

1,1,2,2-Tetrachlorethane 79-34-5 5
Tetrachloroethylene 127-18-4
Toluene 108-88-3 5

1,1, l-Tdchloroethane 71-55-6 5
1,1,2-Trichloroethane 79-00-5 5

Trichloroethylene 79-01-6 5
Trichlorofluoromethane 75-69..4 5

1,2,3-Trichloropropane 96-16-4 .5
Vinyl acetate 108-05-4 10
Vinyl chloride 75-01-4 10
Xylene (total) 1330-20-7 5,.;,_

SEMIVOLATILES

Acenaphthene 83-32-9 10 @Acenaphthylene 208-96-8 10
. Acetophenone 98-86-2 10

2-Aeety iamino fluorene 53-96-3 10
4-Aminobiphenyl 92-67-1 50
Aniline 62-53-3 50
Anthracene 120-12-7 10
Aramite 140-57-8 10

Benzo(a)anthracene 56-55-3 10
BenzoCo)fluoranthene 205-99-2 10
Benzo(k)fluoranthene 207-08-9 10

Benzo(g,h, i)perylene 191-24-2 10
Benzo(a)pyrene 50-32-8 10
Benzyl alcohol 100-5 I-6 20
bis(2-Chioroethoxy)methane 111-91-1 10
bis(2-Ch',_roethyl)ether 111-44-4 10
bis(2-Chloroisopropyl)ether 108-60-1 10
bis(2-Ethylhexyi) phthalate 117-81-7 10
4-Bromophenyl phenyl ether 101-55-3 10
Butyl benzyl phthalate 85-68-7 20
4-Chloroaniline 106-47-8 b 20

4-Chloro-3-methylphenol 59-50-7 10

2-Chloronaphthal ene 91-58-7 10
2-Chlorophenol 95-5'7-8 10
4-Chlorophenyiphenyi ether 7005-72-3 10

m-Cresol 108-39-4 10 @o-Cresol 95-48-7 10

p-Cresol 106-44-5 10
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Table 2.8. (continued)

Water CRDLs*

Compounds/elements CAS number Otg/L)

SEMIVOLATILES (continued)

Chrysene 218-01-9 10
Diallate 2303-16-4 10

Dibenzo(a,h)anthracene 53-70-3 10
Dibenzofuran 132-64-9 10

Di-n-butyl phthalate 84-74-2 10
1,2-Dichlorobenzene 95-50- I 10
1,3-Dichlorobenzene 541-73-1 10
1,4-Dichiorobenzene 106-46-7 10
3,3-Dichlorobenzidine 91-94-1 20

2,4-Dichlorophenol 120-83-2 10
2,6-D ichlorophenol 87-65 -0 10
Diethyl phthalate 84-66-2 10
p-Dimethylaminoazobenzene 60-11-7 30
7,12-Dimethylbenz(a)anthracene 57-97-6 20
3,3 *-Dimethylbenzidine 119-93-7 80
a,a-Dimethylphenethylamine 122-09-8 10

O 2,4-Dimethylphenol
105-67-9 10

Dimethyl phthalate 131-11-3 10
m-Dinitrobenzene 99-65-0 10

4,6-Dinitro-o-eresol (2-Methyl-4,6-dinitrophenol) 534-52-1 50
2,4-Dinitrophenol 51-28-5 50
2,4-Dinitrotoluene 121-14'2 10
2,6-D ini trotoluene 606 -20-2 10

2-Sec-butyl-4,6-dinitrophenol (dinoseb) 88-85-7 20
Di-n-octyl phthalate 117-84-0 10
Diphenylamine 122-39-4 10
Ethyl methacrylate 97-63-2 10
Ethyl methanesulfonate 62-50-0 10
Fluoranthene 206.44-0 10
Fluorene 86-73-7 10
Hexachlorobenzene 118-74-1 10
Hexaehlorobutad iene 87-6 8-3 10

Hexachloroeyciopentadiene 77-47-4 10
Hexachloroethane 67-72-1 10

Hexachlorophene 70-30-4 500
Hexachloropropene 1888-71-7 20
Indeno( 1,2,3 -cd)pyrene 193 -39-5 10

lsophorone 78-59-1 10
Isosafrole 120-58-1 10

Methapyrilene 91-80-5 40

3-Methylcholanthrene 56-49-5 30

O Methyl methanesulfonate 66-27-3 102-Methylnaphthalene 91-57-6 10
Naphthalene 91-20-3 10

--1 _ ,
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Table 2.8. (continued)

Water CRDLs"

Compounds/elements CAS number (#g/L)
i

SEMIVOLATILES (continued)
1,4-Naphthoquinone 130-15-4 10
l-Naphthylamine 134-32-7' 120

2-Naphthylamine 91-59-8 170
o-Nitroaniline 88-74-4 50
m-Nitroaniline 99-09-2 50

p-Nitroaniline 100-01-6 50
Nitrobenzene 98-95-3 l0

o-Nitrophenol 88-75-5 10
p-Nitrophenol 100..02-7 50
4-Nitroquinoline-l-oxide 56-57-5 10
N-Nitrosodi-n,butylamine 924-16-3 20
N-Nitrosodiethylan'ine 55-.18-5 l0
N-Nitrosodi methylamine 62-75 -9 10
N-Nitrosodiphenylamine 86-30-6 10
N-Nitroso-di-n-propylamine 621-64-7 10

N-Nitrosomethylethylamine 10595-95-6 l 0
N-Nitrosomorpholine 59-'89-2 10

• N-Nitrosopiperidine 100-75-4 l0
N-Nitrosopyrrolidine 930-55-2 10
5-Nitro-o-toluidine 99-55-8 20
Pentachlorobenzene 608-93-5 20
Pentaehloroethane 76-01-7 20

5-Nitro-o-toluidine 99-55-8 20
Pentachlorobenzene 608-93 -5 20
Pentaehloroethane 76-01-7 20
Pentachloronitrobenzene 82-68-8 20

Pentaehlorophenol 87-86-5 50
Phenacetin 62-44-2 l0
Phenanthrene . 85-01-8 l 0
Phenol 108-95-2 10

p-Phenylenediamine 106-50-3 50
2-Pi¢olone 10-96-8 70
Pronamide 23950-58-5 30

Pyrene 129-00-0 10
Safrole 94-59-7 l0

1,2,4,5-Tetrachlorobenzene 95-94-3 l0
2,3,4,6-Tetrachlorophenol 58-90-2 10

Tetraethyldithiopyrophosphate 3689-24-5 20
o-Toluidine 95-53-4 20

1,2,4-Trichlorobenzene 120-82-1 20
2,4,5-Trichlorophenol 95-95-4 50 _ .
2,4,6-Trichlorophenol 88-06-2 l0 W
O, O, O-Trieth y Iphosphorothioate 126-68- l 10
sym-Trini trobenzene 99-35-4 10
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O Table 2,8. (continued)

Water CRDLs*

Compounds/elements CAS number (#g/L)

ORGANOCHLORINE PESTICIDES
Aldrin 309-.00-2 0,050

alpha-BHC 319-84-6 0.050
beta-BHC 319-85-7 0,050

gamma-BHC (lindane) 58-89-9 0,050
delta-BHC 319-86-8 0.050
Chlorobenzilate 510-15-6 0,10
Chlordane 57-74-9 0.50

4,4'-DDD 72-54-8 0.10
4,4'-DDE 72-55-9 0.10
4,4'-DDT 50-29-3 0.10
Dieldrin 60-57-1 0.10
Endosulfan-I 959-98-8 0,050
Endosulfan II 33213-65-9 0,10
Endosulfan sulfate 1031-07-8 0,10
Endrin 72-20-8 O.10

O *Endrin aldehyde 7421-93-4*Endrin ketone 53494-70-5 O. 10

Heptachlor 76-44-8 0.050
Heptaehlor epoxide 1024-57-3 0.050
Isodrin 465-73-6 0.050

Kepone 143-50-0 0.10
Methoxychior 72-43-5 0.50
Toxaphene 8001-35-2 1.00

PCBs
Aroclor-1016 12674-11-2 0.50
Arocior-1221 11104-28-2 0.50
Aroclor-1232 11141-16-5 0.50
Aroclor-1242 53469-21-9 0.50
Aroclor- 1.248 12672-29-6 0.50
Aroclor- 1254 11097-69-1 1.00
Arocior- 1260 11096-82-5 1.00

ORGANOPHOSPHORUS PESTICIDES

O,O-Diethyl-O-(2-pyrazinyl)(thionazin) 297-97-2 1,0
Dimethoate 60-51-5 1.0
Disulfoton 298-04-4 1,0

Famphur 52-85-7 2.0
Parathion 56-38-2 1.0

Parathion methyl 298-00-0 1,0

O Phorate 298-02-2 1.0
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Table 2.8. (continued)

' Water CRDLsn

Compounds/elements CAS number (/_g/L)

CHLORINATED HERBICIDES
2,4-D (2,4-dichlorophenoxyacettc acid) 94-75'7 0.16
Dinoseb 88-85-7 0.04
2,4,5-TP (silvex) 93-72-1 0.04
2,4,5-T (2,4,5-trichlorophenoxyacetic acid) 93-76-5 0.04

DIOXtNS
2,3,7,8-Tetrachlorodinbenzo.-dioxin(TCDD) 1746-01-6 0.36
Tetrachlorodibenzo,dioxins (TCDDs) 0.26
Pentachlorodibenzo-dioxins(PeCCDs) 0.49
Hexachlorodibenzo-dioxins (HeCDDs) 0.55

FURANS
Tetrachiorodibenzo-furans (TCDFs) 0.42
Pentachlorodibenzo-furans (PeCDFs) 0.16

Hexachlorodibenzo-furans (HxCDFs) 0.14 O

MISCELLANEOUS PARAMETERS

Cyanide 5%12-5 10
Sulfide 18496-25-8 100

i

"There are no Contract Required Detection Limits (CRDLs) for Appendix IX constituents for
soils/sediments.

biT analyzes for endrin ketone ratherthan endrin aldehyde.

Source: EPA. 1986g. Test Methods for Evaluating Solid Waste, Volume IB: Laboratory Manual

Physical/Chemical Methods, SW-846, Office of Solid Waste and EmergencyResponse, Washington, D.C.

®
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,,li

CAS CRDL_ .........
Metals number water (_tg/L) soil (#g/kg) b

i ii , .

Aluminum 7429-90-5 200 40,000

Anti mony 7440-36-0 60 12,0O0
Arsenic 7440-38-2 10 2,000
Barium 7440-39-3 200 40,000

Beryllium 7440-41-7 5 1,0O0
Cadmium 7440-43-9 5 1,O00
Calciuat 7440-70-2 5000 1,000,O00

Chromiurn 7440-47-3 I0 2,000

Cobalt 7440-48-4 50 l0,000

Copper 7440-50-8 25 5,000
Iron 7439-89-6 I00 20,000

Lead 7439-92-1 5 l,O00

Magnesium 7439-95-4 j' 5000 i,000,000
Manganese 7439-96-5 I 15 3,000
Mercury 7439-97-6 0,2 40,000
Nickel 7440-02-0 40 8.000

O Osmium 7440-40-2 _O0 100 000Potassium 7440-09-7 5{ILK) i ,O00 0O0
Selenium 7782-49-2 5 1 0O0
Silver 7740-22-4 10 2 O00

Sodium 7440-23-5 5000 1,000 0O0
Thallium 7440-28-0 i0 2,O00

Tin 7440-3I'-5 50 10,O00

Vanadium 7440-62-2 50 100O0

Zinc 7440-66-6 20 4 0O0

Source: EPA, 1986h, Test Methods for Evaluating Solid Waste, Volume IA; Laboratory Manual
Phystcal/Chemical Methods, SW-846, Office of Solid Waste and Emergency Response, Washington, D,C,

t...... , ....... s....... tP............... it, 1_1 " ..... nlqlt, , tI, ,, ',r, ..... ilrl..... itliTi...... tl .... t_q,ll,_,FiF n ....... rl,,
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Table2.10. WAG 6 borehole geophysical logging program summary

L_J£1 [ I II Nimml,I i I I III IIIJ,

Well
............................ ._ i ii ,(,li, i i ,i,!,

Log type 1234 1236 1238 1239 CH.2"

Jl i , i' f l , ,l,

Naturalgamma ray b C C C C

Caliper b C C C C

Temperature b C C C C

Differential temperature b C C C C

Spontaneous potential (SP) b C C C C

Borehole televiewer (BHTV) c 0 0 0 0

Variable density aaoustlc log (VDL) d

Short guard resistivity O C C C C

Short/long normal resistivity b C C C C

Fluid resistivity C C C C C

Lateral log resistivity C C C C C

Single point resistance (SPR) b C C C C

Deviation survey c B B B B ,

Gamma-gamma density d

BHC denstty C C C C C

Epithermal neutron d

BHC neutron C C C C

Sontc d

BHC sonic C C C C

"Quality control well located tn the ORNL Main Plant Area.
bORNL logged the original eorehole; Century Geophysics logged the reamed/deepened borehole,
_ORNL originally logged corehole and subsequently logged the enth'e rearned/deepened hole.
aOrlginal Well 1234 corehole Ioggtng by ORNL.

O - Logging performed by ORNL,
C - Logging performed by Century Geophysics,
B - Logging performed by both ORNL and Century Geophysics.

0
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Q Table 2.13. Analytical suite summary

Parameter A° IP C* I_ E* _ Gb Hb

TCL VOCs X X X X X Xc

AppendixIX VOCs X
TCL BNAEs X X X X

AppendixIX BNAEs X
Phenols X

TCL pesticides,PCBs X X X X

AppendixIX pesticides,PCBs X

AppendixIX (OP)pesticides X
TCL chlor,herbicides X

AppendixIX chlor,herbicides X

AppendixIX dioxins/furans X

TAL metals X X X X

Appendix IX metals X
ICP metals X X X

TCL cyanide X X X

Appendix IX cyanide X
Sulfides X

Anions X X X X X X

Carbonate/bicarbonate X X X X

O Alkalinity(asCaCO3) X X X XCOD X

BOD X

TKN X

TDS X

TOX X X

TOC X X

Fecalcoliform X X

Turbidity X

Grossalpha X X X X# X X X

Grossbeta X X X X'i X X X

Gamma isotopic X X X X X X
Tritium X X X X X X X

Ra-226/228 X X X X

Sr-90 X X X X X X

Am-241 - X

Th isotopic X X X X

Pu isotopic - X

U isotopic X X X
Co60 X

*Analyses performed by IT Corporation as part of the WAG 6 RFI,
bAnalyses performed by ORNL ACD laboratory as part of RCRA Compliance Monitoring Program for SWSA 6.
CSamples analyzed tbr VOCs using Method SW8240, Only nine target compounds identified in the RCR......__A

Groundwater Quality Assessment Plan for Solid Waste S!orage. Area..._6(ORNL 1989).

#Samples analyzed for gross alpha and gross beta at the field CSL.
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Fig.2.1. Radiationwalkoversurvey.
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_- Fig. 2.10. Refer'ence sediment sampling locations in Melton Valley north of Park Road.

i Map prepared by Tennessee Valley Authority for U.S, DOE (1986),
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Fig. 2.11. WAG 6 sediment ,samplinglocations,
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3. PHYSICAL CHARACTERISTICS OF THE STUDY AREA

0
This section of the WAG 6 RFI Report describes the physical characteristics of the site

that are relevant to identifying and evaluating potential transport pathways, mechanisms, and
receptors. This information supports subsequent sections that pertain to nature and extant
of contamination and contaminant fate and transport (Sects. 4 and 5, respectively).
Additionally, key findings relevant to development and screening of potential remedial action
alternatives are included.

This section is organized into five subsections: Sect. 3.1, Site Topography, Climate and
Meteorology; Sect. 3.2, Site C_ology; Sect. 3.3, Groundwater Hydrology; Sect. 3.4, Surface
Water Hydrology; Sect. 3.5, Ecology. A summary of key findings is presented at the
conclusion of each section.

Appendix 3A presents a summary tabulation of WAG 6 subsurface and hydrogeologic
data, and Appendix 3B presents data in support of Sect. 3.5.

3.1 SITE TOPOGRAPHY, CLIMATE, AND METEOROLOGY

This section discusses the topography, climate, and meteorology of WAG 6.
Section 3.1.1 describes the topography and physical features of the site; Sect. 3.1.2 discusses
climate and meteorology and the interplay among precipitation, ambient air temperatures,
evapotranspiration, and winds. Section 3.1.3 summarizx',sthe key information presented in

this section.

3.1.1 Topography and Site Features

WAG6 is located at the southwestern end of Melton Valley, a northeast-southwest
trending valley roughly 1.2 miles wide that lies between Haw Ridge to the north and Copper
Ridge to the south. Crest elevations along Haw Ridge and Copper Ridge reach 1000 ft and
1356 ft, respectively. A line of lower hills with crest elevations of approximately 850 ft
occurs near the center of Melton Valley. WAG 6 is situated on the southeast flank of one
of these hills.

Ground surface elevations within WAG 6 range from about 745 ft (MSL) adjacent to
WOL at the southern WAG boundary and eastern perimeter of the site to greater than 850 ft
(MSL) at the crest of the series of knobs along the northwest boundary. Maximum
topographic relief across the site is 105 ft. Slopes within WAG 6 are variable and range
from 10 to 57%. The greatest irregularity of terrain and the steepest slopes occur in the
northern and northeastern parts of the site adjacent to the SWSA 6 access road and along the
eastern perimeter road.

As Fig. 3.1 shows, the WAG 6 topography is dissected by four principal surface water
drainages--FA, FB, DB, and DA. With the exception of stream DA, which trends grid

O 3-1
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east-west, streams, ,VAG 6 are oriented roughly grid north-south, The resulting undulating
topography and relief plays an important role in the hydrogeologic framework of WAG 6
(Sect. 3.3).

Comparisons of historical (pre-ORNL) and recent air photographs of the site reveal that
modifications of the land surface for waste disposal have not significantly altered the original
surface drainage patterns or slope configuration. However, site rscords do indicate that the
thin site soils have been highly disturbed, reworked, or removed _ ,er much of the site during
past waste trench excavation, construction activities (involving cut and fill operations), and
site grading. Air photographs from 1935 indicate the WAG 6 area was originally cleared and
used for agriculture; several farmhouses existed on or adjacent to the present-day site. Old
growth timber remained along the low'lying or steep areas not suited for agriculture. By
1952, following acquisition of the land by the Atomic Energy Commission (later DOE), the
farmhouses had been removed and the site had become overgrown by secondary growth
timber--to the extent that prior to waste disposal operations, the WAG 6 area was heavily
wooded. Following initiation of waste disposal operations, trees were removed from waste
disposal areas. Stands of trees remained along the principal drainage paths until the ICM
capping work, which was completed in 1989. This work required removal of the trees along
the eastern two interibr drainages (DA and DB). Dense stands of mixed deciduous and
conifer timber still exist along the northern boundary and in the western portions of WAG 6.
Hist6rical air photographs indicate that the area immediately north and northwest of WAG 6

(outside the SWSA 6 fence) has never been used for waste disposal purposes. /

3.1.2 Climate and Meteorology

The WAG 6 climatic and meteorological information a_' pertinent in characterizing the
potential for atmospheric transport of contaminants in the ..... assessment and are integral
factors in the dynamics of site hydrogeology.

,0

The nearby Cumberland and Great Smoky mountains have a moderating influence on the
climate of the area. In general, this results in warm, humid summers and cool winters, with
no noticeable extremes in precipitation, temperature, or winds.

3.1.2.1 Precipitation

Abundant site-specific precipitation data are available from the gaging stations
established at three locations within SWSA 6 (at the ETF, the EPICORE facility, and in the
49 Trench area). Rainfall has been recorded at these stations since 1981. Additional dat: .'
are available from four meteorological towers established at ORNL in 1982 (in particula:
MET Tower 4, located in Melton Valley). Long-term records are available from tt'
National Oceanic and Atmospheric Administration (NOAA) weather station at Norris D_
(1947 to present) and the Atmospheric Turbulence and Diffusion Division (ATDD) L,
located in Oak Ridge (1959-present). Generally, rainfall records for individual precipitatk
events recorded at different stations are similar (within 0.5 in.), although the Valley and
Ridge topography yields some variation from location to location, ml
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O Precipitation for WAG 6 for the period 1988 through January 1990 as recorded at the
ETF station is shown in Fig. 3.2. The area's climate is humid with frequent rain; periods
of 5 days or more without precipitation occur on average only 4 to 5 times per year (Boegly
1984). Maximum monthly precipitationoccurs Januarythrough March and is associated with
winter storms that are generally of low intensity but long duration. Light snow occurs
November through March, but most snowfalls amount to only a trace. Average annual
snowfall for the period 1951-1988 was 9,8 in. (MMES 1989). A second peak in rainfall
occurs in July, when short, heavy rainfalls associated with thunderstorms are common (Davis
et al. 1984). The driest period of the year normally occurs from Septemberthrough October,
when, typically, slow-moving high pressure cells suppress rain and provide clear, dry
weather. However, as shown in Fig. 3.2, monthly total rainfall was unusually high in
September 1989.

The long-term average annualprecipitationrecorded at the NOAA Oak Ridge station for
the period 1948-1990 was 54 in. An estimate of the long-term average annualprecipitation
at WAG 6 was determined by using the long-term Oak Ridge station data (1948 to 1990) to
extend the existing 1981-1990 record for the ETF station (see Sect. 5). The average annual
precipitation for the extended record was computed to be 51.2 in. Consequently, a
reasonable estimate o'f the long-term average annual precipitation for WAG 6 can be
considered to be 52 in.

Annual precipitation actually recorded at the ETF station for each year from 1981

O through 1988 (excluding 1982) was below the estimated long-term for WAG 6,
average

indicating drought conditions prevailed. During these years, the drought conditions resulted
" in reduced stream flows and depressed water levels. The lowest annual precipitation

occurred in 1986, when the annual precipitation (38.5 in.) was 26% below the estimated
average reference value for WAG 6. However, annual precipitation for the 1989 and 1990
water years measured 64.5 and 63.5 in., respectively, exceeding the estimated WAG 6
average annual precipitation by 12.78 and 11.45 in., respectively. This suggests that 1989
and 1990 were wet years relative to the historical average.

3.1.2.2 Temperature

The mean annual temperature forlthe Oak Ridge area is 58°F (Webster and Bradley
1988). The coldest month is usually January, with temperatures averaging approximately
38"F but occasionally dipping as low as 0°F. However, differences between December

through February are minor. Although there is little difference between June and August,
July is the hottest month, with temperatures averaging 77"F but occasionally peaking at over
100*F. Average daily temperatures fluctuate 53.6°F over the course of the year (Davis et al.
1984). Figure 3.3 shows the temperature fluctuation recorded at the ATDD station in Oak
Ridge from 1988 through June 1990.



O
3.1.2.3 Evapotranspiration

Regionally, annual evaporation has been estimated to range .from 32 to 35 in., or60 to
65 % of rainfall (Farnsworthet al. 1982). Evapotranspiration in the Oak Ridge area is 29 to
30 in., or 55 to 56% of annual rainfall (TVA 1972; Moore 1988; Hatcher etal. 1989).
These estimates may be high for WAG 6, because much of the site's vegetation has been
removed. Boegly (1984) reports that actual values are more likely 20 to 23 in. per year or
36 to 42 % of annual precipitation.

Although evapotranspirationrates are probably reduced due to recent clearing of site
vegetation, soil evapotranspirationis occurring. As part of the RFI effort, water balance
calculations for WAG 6 were performed for the period 1981-1990 and indicated an average
annual evapotranspirationof 29.4 in. (see Sect. 5 for details), the majority of which occurs
during the growing season (average 220 days from April through September). Moore (1988)
suggests 75 % of evapotransplration occurs during this period and often exceeds the rate of
precipitation, such that soil moisture levels are lowest during this time.

3.1.2.4 Winds

Winds in the Oak Ridge area are controlled in large part by the valley and ridge
topography. Prevailing winds are either up-valley (northeasterly) or down-valley
(southwesterly). Davis et al. (1984) note that daytime winds generally blow up-valley, while
nighttime winds usually blow down-valley. This pattern is apparent in Fig. 3.4, which is a
wind rose representingwinds measuredat the 300-ft level of MET station4 in Melton Valley
for the period January 1988 through June 1990. This figure shows the relative frequency (as
a percentage) of occurrence of winds by compass orientation and wind speed. Wind speeds
are represented by the telescoping bar scale. Tornadoes and high-velocity winds are rare;
wind speeds are less than 7.4 mph 75% of the time, and wind speeds exceeding 18.5 mph
are rare.

3.1.3 Summary of Key Findings

Pertinent findings regarding WAG 6 topography, climate, and meteorology are
summarized below.

o WAG 6 displays up to 105 ft of topographic relief across the site; four internal streams
dissect the site, forming an undulating topography with slopes that range from 10 to
57% (i.e., vertical grades of 10 to 57 ft per 100 ft horizontally). "

,, Historical air photographs indicate that the areas immediately north and northwest of
WAG 6 (outside the SWSA 6 fence) have never been used for waste disposal purposes.

* Site records indicate that the thin site soils have been highly disturbed, reworked, or
removed over much of the site during past waste trench excavation, construction
activities (involving cut and fill operations), and site grading. _B

1
I
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• Maximum precipitation occurs during January to March, with a secondary peak in
rainfall in July; the driest period of the year is September to October,

• The mean annual precipitation from 194.8 to 1990 was 54 in. Drought conditions
prevailed from 1981 through 1988, with 1986 being the driest year. Annual
precipitation for 1989 and 1990 exceeded the 1948-1990 mean, indicating relatively wet
years,

• Evapotranspiration at WAG 6 ranges from 20-30 in, annually (37 to 56% of annual
rainfall).

• Maximum evapotransptration occurs during the growing season (April through
September) mad is lowest during the winter.

• Seasonal patterns of evapotranspiration and precipitation have a pronounced effect on
soil moisture levels and groundwater levels. The water table and soil moisture levels
are highest from January to March, when precipitation ts high and evapotranspiration
is minimal. Water table and soil moisture levels are lowest from August through
October, when precipitation ts low and evapotranspiration is high.

• Prevailing winds at WAG 6 are northeasterly during the clay and southeasterly during
the night; speeds are generally less than 7 mph.

3.2 SITE GEOLOGY

The geology of the site has a controlling influence on theoccurrence of groundwater and
contaminant transport and impacts the selection and design of remedial action alternatives.
This section provides a description of site geology and identifies key features and aspects that
affect the fate and transport of contaminants and bear on potential remedial action
alternatives.

This section is organized into three subsections. Section 3.2.1 presents WAG 6 in the
context of its regional geologic setting. Section 3.2.2 describes the site-specific geology,
providing detailed discussion of the stratigraphy, structural geology, and physical and
chemical properties of geologic materials of WAG 6. Section 3.2.3 summarizes the key
geologic findings that aid in understanding the aquifer skeleton and that suppo_ the needs of
the RFI;

3.2.1 Regional Setting

WAG 6 is situated in the Tennessee Valley and Ridge Province, which is part of the
Appalachian fold and thrust belt. Mountain-building processes associated with the Permian-
Pennsylvanian Alleghenian Orogeny (approximately 250 million years ago) have produced
a succession of northeast-trending thrust faults that duplicate the Paleozoic rock sequences,
transposing older rocks above younger rocks in a shingled effect. Subsequent differential

erosion resulted in a series of alternating valleys and ridges that parallel the surface traces
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of the thrust faults, Rocks resistant to weather','_ (typically siltstones, sandstones and
dolomim or chert units) form the ridges, whereas rv,,_s that are more readily weathered (such
as shales and shaley carbonates) underlie the valley floors. Because of the complex
mountain-building processes that affected the area, local geology is influenced by structural
features at ali scales including regional and local thrust faults, normal and tear faults, local
folding, and widespread fracture development,

3.2.2 Site Geology

WAG 6 is situated in Melton Valley on the Copper Creek Thrust Shoot above the
Copper Creek Thrust Fault (Fig. 3.5), Motion along this fault has placed the middle to late
Cambrian Conasauga Group and underlying Rome Formation rocks above the younger
Ordovician Chickamauga Group rocks. Subsequent erosional processes and varying degrees
of in-piace weathering of bedrock have produced a geologic sequence above the Copper
Creek Fault at WAG 6 that consists of, in ascending order:

* Unweathered, consolidated bedrock (lower Conasauga Group and Rome formations)
. Regolith

- A;_.interval of weathered, unconsolidated bedrock or "saprolite" overlain by:
- A ven_r of alluvial (water deposited), colluvial (transported by gravity), or residual

(formed in-piace by physical/chemical weathering) soils.

Because saprolite and soils are weathering products of the underlying bedrock, this
section is organized to provide a detailed description of WAG 6 bedrock parent material,
followed in ascending order by descriptions of WAG 6 saprolite and soils.

3.2.2.1 Bedrock

Bedrock has be_n encountered at depths ranging from 2,5 to 51 ft below grade in
WAG 6. The average depth to bedrock observed was 19 ft. Generally, bedrock is
encountered at shallow depths in topographically lower areas and along drainages and at
greater depths on hilltops. Bedrock occurs at depths of 20 to 25 ft below grade in the
vicinity of the WAG 6 main gate; 2.5 to 21 ft (10 ft on average) below grade along the
eastern perimeter of WAG 6; 7 to 8 ft below grade along the drainage bounding WAG 6 on
the east; and at depths generally greater than 23 ft (ranging up to 39 ft) along the southern
boundary of WAG 6 in the vicinity of the biological trenches,

Figure 3.6 shows the bedrock surface configuration generated using available subsurface
information, including bedrock tops from boring logs, auger refusal depths, and actual
elevations of bedrock exposed in trenches, Data sources include subsurface control provided
in Davis et al. 1984; Davis et al. 1986; Davis et al, 1987; Davis ct al, 1989; Davis and
Stansfield 1984; Spalding 1990; Morrissey 1990; Dreier and Torah 1989; Mortimore 1987;
Mortimore and Ebers 1988; and information from the 54 soil borings and 22 wells installed
during the WAG 6 RFI [TM 06-12, Phase 1 Soil Sampling for the ORNL WAG 6 RFI; TM
06-12A, Soil Sampling for the ORNL WAG 6 RFI (Activity 1, Activi_ 2); TM 06-08, WAG 6 I
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RFI Well Installation, and TM 06-08A, WAG 6 RFI Well Installation (P_e 1, Activity 2)],
Depths to bedrock are tabulated in APi_ndtx 3A,

Given the available subsurface data, the bedrock surface shown is a reasonable
approximation, However, due to the variety in types and sources of bedrock surface
Information, the bedrock configuration shown is 0nly an approximation and in any stngle
location may show more or less reilef than ts actually present,

In an attempt to better define the bedrock surface, ORNL performed a shallow refraction
setsmle survey across WAG 6 (Dreler, Selfrtdge, and Beaudoin 1987). However, after
processing two test lines (2A-2G and lA-i G), the study was terminated short of completion,
and the remainder of the data were not processed, The test ltno data showed good correlation
with bedrock depths observed in wells, Figure 3,7 shows the location of the setsmic lines.
If necessary to support the corrective measures study, an Improved definition of the bedrock
surface could be provided through fiirther processing and evaluation of these data,

The bedrock geology underlying WAG 6 ts complex, owing to pattenas of initial
deposition and htghly variable subsequent structural deformation. The following sections
describe tn detail the stratigraphy, structural geology, and chemical properties of bedrock
underlying WAG 6 based upon extsttng and RFI data. Bedrock geologic features are shown
in Fig. 3,8, the WAG 6 C-eologtc Map, Figures 3.9 through 3.i9 present hydrogeologie
cross sections that depict site-specific geologic conditions at WAG 6,

3.2.2.1.1 Stratigraphy

The Conasauga Group is composed of a sequence of elastic-rich formations alternating
with carbonate-rich formations deposited as part of a major marine transgression over a
subsiding carbonate-rimmed tidal flat. This depositional setting is believed to mark the
regional transition from the shallow shelf environment to the northwest to the deeper marine
environment to the southeast (Hasson and Haase 1988; Haase, Walls, and Farmer 1985).

The Conasauga Group within Melton Valley ranges up to 1800 ft thick (Boegly 1984)
and comprises six distinct formations. These are, in ascending order: the Pumpkin Valley
Shale, Rutledge Limestone, RogersviUe Shale, Maryvllle Limestone, Noliehucky Shale, and
Maynardville Limestone. Ltthologie descriptions for each of the Conasauga Group
formations are presented in Table 3.1, Site.specific stratigraphic control is afforded by rock
cores and borehole geophysical logs from deep wells within or adjacent to WAG 6, These
deep borehole and core control points are indicated in Fig. 3.8. Borehole geophysical logs
for the four deep wells drilled and logged at WAG 6 as part of the RFI are presented and
evaluated in TM-06-13.

Of the six Conasauga Group formations, only the Maryville Limestone and Nolichucky
Shale bedrock occur in the near surface underlying WAG 6. The Maryvlile Limestone
underlies the northern half of the site, while the overlying Nolichucky Shale underlies the

O southern half of the site. Bedrock is generally not exposed at the surface. However, the
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Maryvllle Limestone does out,"rop in the extreme northeastern part of WAG 6 in the
embankanent on the north side of the TARA area (shown on Fig, 3,8),

The Nollchucky Shale is the youngest formation underlying WAG 6 and has been
observed to be approximately 550 R thick in the ORNL-JOY #2 eorehole, located roughly
3,5 miles east-southeast of WAG 6 (Haase, Walls, and Farmer 1985), However, a complete
Nolichucky section was not encountered in the southern half of WAG 6, and from site
stratigraphie control it appears that only the lower Noltchucky underlies WAG 6, Borehole
geophysical logs (in particular, borehole televiewer logs) from the HHMS-series deep wells
and from WAG 6 RFI Well 1236 are the principal source of lithologic information for the
Noltchueky within WAG 6; rock cores have not been obtained from the Noliehueky Shale
within WAG 6, "l_hegeophysical logs indicate that the Noltchueky within WAG 6 consists
of thin shaley limestone beds interbedded with carbonate shales and mudstones, Similar
lithologtes were observed in lower Nolichucky cores from USGS eoreholes UG2 and UF2,
located further up Melton Valley in an equivalent stratigraphic position (Tucei and
Withington-Hanehar 1989), Based upon these lithologies, the Nolichuclcy was deposited
either as a marine transgressive pulse or in a deeper marine setting,

t

The contact between the Maryvllle Limestone and No[ichueky Shale is shown on
Fig, 3.8, The contact between the Nollchucky and underlying Maryvllle is gradatlonal,
marked by mt increase in limestone content in the lower No!iehucky (Haase, Walls, and
Farmer 1985), Consequently, there is some range of error associated with this interpretation.
Further, individual beds within the Noltchucky are difficult to correlate laterally between
wells using logs and cores due to a combination of rapid lateral facies changes and post-
depositlonal structural deformation,

The Maryvttle Limestone beneath WAG 6 ranges up to approximately 415 ft thick, as
shown by deep borehole geophysical log correlations, Descriptions of the lithology of the
Maryville Limestone are provided by cock cores from the ETF area (wells ETF-1, -3, .4,
-5, .6, -11, -13, and the 240-ft deep ETF.,16), USGS corehole UB-2 (located immediately
west of Highway 95 and WAG 6); and two cores from Wells 1234 and 1238 (drilled as part
of the WAG 6 RFI). Generally, the Maryville within WAG 6 is characterized by massive
to ribbon-bedded silty, intraclasttc (fiat pebble), oolitic and pelloidal limestones up to 1 ft
thick, interbedded with silty, calcareous mudstones and dark shales (Vaughan et al, 1982;
Tucci and Withington-Hanchar 1989; Haase, Walls, and Farmer 1985; and TM-06-08A),
Limestone lenses are more abundant and pure in the upper portion of the Maryvtlle in the
northern half of the site, whereas mudstone units are more prevalent in the Lower Maryvtlle,
as noted in cores and geophysical logs, .'

The Maryvllle stratigraphy observed in site cores shows rapid lithologic changes
vertically and laterally, As reported in Haase, Walls, and Farmer (1985) and observed in
WAG 6 RFI rock cores, the limestones within the upper Maryvtlle display upward-coarsening
cycles that are indicative of a higher energy environment wtthin a subtidal setting, possibly
associated with storm deposition. This setting commonly yields laterally discontinuous
deposttional patterns and may contribute to the difficulty encountered in correlating individual
beds from well to weil. Further, structural deformation within the Maryvllle formation
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produceswidevariationsinformationandinternalstratigraphieintervalthicknessesfromone
locationto another,Consequently,itisdifficulttocorrelateindividualor groupsof
limestonebedsbetweenwells,evenusingboreholegeophysicallogs,

The Rogersville Shale, although not exposed near the surface at WAG 6, was
encountered at depths between 297 and 352 f_below land surface in deep wells HHMS-7A
and -8A, respectively, located in the northern half of WAG 6,

3.2.2.1.2 Structural geology

Generally, the bedrock in Melton Valley strikes N55°E, parallel to the trend of the
Copper Creek Thrust Fault (roughly grid east-west), and dips 20-25° to the southeast (grid
south), However, within WAG 6, dips are generally steeper, on the order of 30-40 °, but
highly variable due to complex local structural deformation (Webster and Bradley 1988),
Rock cores and deep well borehole televiewer logs show dips changing frequently in
relatively short vertical distances in association with small-scale kink and drag folds and
minor faults (Tueei and Withington-Hanchar i989, Dreler and Toran 1989, and TM 06-13,
WAG 6 Borehole Geophysical Logging), Dips observed in cores and logs range from 30 °
to near vertical, orien[ed in nearly ali directions,

Due to the absence of surface bedrock exposures, structural mapping has been limited
to mapping structures observed in saproltte zones exposed in shallow trenches, Dreier and

O Beaudotn (1986) documented structural complexity through shallow trench mapping on ascale of 1:125, In that study, 10 shallow (4-ft deep) trenches were excavated tn a band
trendtng roughly north-south across the central portion of WAG 6. The trenches were
aligned to allow for mapping structures madfracture densities in the saproltte perpendicular
and parallel to overall formation strtke, In general the study revealed that formation strike
is variable (N35-70*E) across the sre but ts approximately oriented grid east-west,
Conversely, formation dips reflect increasing structural complexity from north to south across
the sre. In the northern part of WAG 6, bedding was found to dtp 22 ° to 33° to the
southeast with gentle warping of the beds. In the central part of the site, small folds and
faults have been identified, In the southern part of the stte (on the hill adjacent to WOL),
the trenches revealed more Intense deformation marked by small-scale thrusting and
overturned folds.

Structural mapping in saproltte above the Maryvllle formation was also performed during
excavation and construction of the 49 Trench French Drain. Davis and Stansfleld (1984)
found that the beddtng dips locally from horizontal up to 60 ° to the southeast due to folding ,'
of the strata.

Structural measurements from ali of these studies are presented in Fig, 3,8, which shows
that structural complexity increases from north to south across the stte.

Faulting. The principal regional structural feature controlling much of the subsidiary
structure and stratigraphy within Melton Valley is the Copper Creek Thrust Fault, which is

O at the surface on the north flank of Haw Ridge north of WAG 6. lt then dipsexposed
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relatively gently tothesoutheast, so that at WAG 6 the fault zone lies roughly 1000 ft below
the ground surface, At this depth, the fault does not likely impact WAG 6 groundwater flow
or contaminant transport,

Other localized faulting is widespread in the subsurface at WAG 6. Rock cores from
WAG 6 and surroundingareas display four types of faults: bedding plane faults, high angle
normal and reverse faults, and tntraformationalthrust faults. However, none of the faults
at WAG 6 are active faults.

]Beddingplane faults are ubiquitous throughout the Conasauga Group bedrock but are
generally small-scale, with only slight horizontaldisplacement. They characteristically occur
at contacts between different lithologies and are most abundant in thin- to medium-bedded
intervals of limestone or stltstone and mudstono (Haase, Walls, and Farmer 1985),

High anglo normal and reverse faults havesbeen identified in cores from the nearby
ORNL.JOY #2 andWOL-1 core)holes(Davis et al. 1987; Haase, Walls, and Farmer 1985).
These faults typically show small vertical displacements (30-40 ft) and are accompanied by
minor drag folds and a zone of deformation up to 5 ft thick. Many high angle faults were
observed in shallow trenches in SWSA 6 and during the French Drain construction (Davis
and Stansfleld 1984), suggesting that such faults are quite common in the subsurface at
WAG 6,

Intraformatlonal thrust faults have been encountered in cores from within Melton Valley, (_)
. Wtthin WAG 6, Dreler and Torah (1989) identified two low-angle intraformatlonal thrust

faults in two of the four deep HHMS well clusters (wells HHMS-5A and HHMS-SA). Fault
identification was based upon stratigraphtc thickening, abrupt dip changes in teievtewer logs,
temperature log anomalies, and other supporting borehole geophysical log evidence,

Ftgure 3,20 deptcts a structural cross section oriented grid noah-south across the central
part of WAG 6, This cross section is based upon deep well control afforded by the HHMS
well clusters and shows the two thrust faults, "A" and "B", Identified tn HHMS well 8A and
5A, respectively, Dreter and Toran (1989) report displacements of approximately 250 ft f.r
Fault A and 20 to 75 ft for Fault B. The fault zone associated with Fault A tn well HI-IM2;-

8A ranges up to 23 ft thick, Neither of these faults are exposed at the surface,

During the WAG 6 RFI, four deep (150 to 170 ft) wells were located and installed to
assess the extent of these faults and evaluate the potential Impact on groundwater flow at
WAG 6, Continuous rock cores were obtained from RFI Well 1234, located on the eastern ,'
perimeter of WAG 6, and from the upper 20 ft of Well 1237, located in the northwest
portion of the site. Evaluations of the core from these two wells and the full suite of
borehole geophysical logs subsequently run on ali four boreholes (TM 06-13, WAG 6
Borehole Geophysical Logging, and TM 06-08A, WAG 6 Well Installation, Phase I,
Activity 2) revealed faulting tn only one deep borehole, Well 1234. The fault plmae in this
well was encountered at a depth of 56 ft below land surface; an accompanying 20-ft thick
fault zone occurred from 50 to 70 ft, The fault ts evidenced in the core by a brecciated zone
straddled by intervals of chaotic beddtng on either side, Further evidence includes
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O temperature and fluid resistivity anomalies noted tn borehole geophysical logs, A repeated
strattgraphtc sectton typical of thrust faults was not observed, but the fault was encountered
just below the base of surface castng, thereby precluding acquisition of adequate geophysical
logs above that potnt, lt Is believed this fault correlates with Fault A observed tn Well
HHMS-8A,

Although tt can not be proven, because of' the limtted deep well control and structural
complexity at WAG 6, it ts likely that other faults may extst. Faulttng results tn either
thickened stratigraphte sections (in the ease of reverse and thrust faults) or a loss of section
(as In nornial faults), making correlations of Individual beds between wells problematic.

Based upon available data, is tt not possible to evaluate the effects of a given fault on
site hydrology (i,e,, groundwater flow and contaminant transport) without uncertainty, A
fault may act as a condutt (facilitating groundwater flow along the fault plane or fault zone)
at one location while at another location, the same fault may act as a barrier to flow,

Figure 3,8 shows the subcrop leadtng edge of the two principal thrust faults Identified.
Ftgures 3,9 through 3,19 present hydrogeologic cross sections that depict the generalized
structural framework uhderlytng WAG 6 and Incorporate the faults Identified,

From examination of Fig. 3.8, it appears that the structural complexity rioted in the
southern half of WAG 6 can be attributed to the Imbricate thrust faulting, North of the

mapped edge of Fault A, the degree of complexity diminishes and beddtng orientations aremore consistent,

Folding, Mtnor folding is common, particularly in thin-bedded shale and mudstone
intervals, and is highly variable in continuity and intensity, Davis et al. (1984) observed two
sharp folds in the bedrock at the ETF site, The fold axes are roughly 18 ft apart and trend
north-northeast. The folds are asymmetric (dips ranging from 12" to 65"), with steeper dips
observed on the southeast flanks.

Generally, individual structures cannot be correlated with any certainty from well to
weil, Overall, as shown in Fig. 3.8, the folding is most common in the southern half of the
site and appears to coincide with the leading edge of the two identified thrust faults, A and
B.

Fractures. Conasauga Group bedrock has little or no matrix (i.e,, bulk rock) porosity
but ts highly fractured throughout Melton Valley. Consequently, fractures form the most
significant element controlling groundwater flow in the bedrock. Fractures may have
developed at any time from the Cambrian (associated with compaction during or Immediately
after deposition) to the present. However, the present fracture netwo:k was principally
developed in response to the Alleghenian Orogeny.

At least two, but as many as five, fracture sets have been identified in cores from the

Maryv_lle and Nollchucky bedrock within and around WAG 6, The most prominent fracture
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orientations are parallelto local geologic strike and include _dding plane parallel and strike-
parallel fractures. Less-prominent and less-penetrative fractures are oriented perpendicular
and oblique to local strike and bedding.

Based upon extensive outcrop mapping in Melton Valley, Sledz and Huff (1981)
documented two major fracture orientations in weathered lower Conasauga Group shales.
From statistical analysis of fracture orientations, Sledz and Huff (1981) identified one
principal set of fractures/joints oriented parallel to formation strike (N54 °E) dipping roughly

parallel to bedding, and a second principal set oriented normal to formation strike (N45*W)
but oblique to bedding, dipping at angles up to 82*. Similar fracture patterns were
encountered in coreholes at the ETF site (Davis et al. 1984 and 1987), WOL-1 and ORNL-
JOY #'2 (Haase, Walls, and Farmer 1985), and in WAG 6 RFI cores.

Shallow trench mapping (Dreier and Beaudoin 1986; Davis and Stansfield 1984) in
WAG 6 has identified two near-vertical extensional fracture sets present in saprolite in
addition to bedding plane fractures. The extensional fractures are oriented roughly
perpendicular to each other. Dreier and Foreman (1990) report extensional fracture
orientations of N35°W and N55*E in the northern part of WAG 6 and N5OE and N85ow
in the southern portion of the site. Other fractures were observed in the ETF area parallel
to local fo)ding, lt is expected that additional fracture trends associated with local structural
features (_'_t,_:."and faults) may be encountered throughout WAG 6.

Fracture density varies with lithology but generally decreases with depth (Sledz and qP
Huff 1981). The highest bedding plane fracture density occurs in intervals of interbedded
silty shales and limestones (Davis ct. al. 1987). Coarse limestone breccia zones had the
lowest fracture density; the few present were oblique to bedding. Further, high-angle
fractures observed in limestone units appear to terminate abruptly at the contact with shale
or mudstone units. Detailed fracture mapping in the shallow saprolite (Dreier et al. 1987)
showed that fracture densities appear to be locally independent of fracture type and average
20 to 30 fractures per foot. Although fractures are widespread, they are generally short,
being less than 3 ft long (Moore 1988), such that distinct fractures or groups of fractures
cannot be correlated between wells with any certainty.

Open fractures are most common in the upper 150 ft of bedrock and decrease with
depth (Dreier et al. 1987). Sledz and Huff (1981) reported that fracture porosity decreases
roughly 8.2% for every 50 ft below land surface. Dreier and Foreman (1990) suggest that
two systems of fractures exist in Melton Valley: an older tectonic system that generally
occurs below depths of 150 ft and that is characterized by abundant healed fractures; and a
younger system generally occurring at depths less than 150 ft that contains more open
fractures (formed in response to erosional unloading).

Fractures (some chemically widened) range up to 6 in. diameter, although most are less
thma 0.01 in. wide. Solution enlargement of fractures is most common in carbonate-rich
portions of the Nolichucky Shale, particularly parallel to bedding planes. However, no large-

scale solution (or karst) features were noted in WAG 6 cores or televiewer logs, although O
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O some small-scale (less than 0.9 in.) solution cavities have been documented in shallow
bedrock cores from the ETF area.

Figure 3.21 schematically portrays the fracture network prevalent at WAG 6 and
illustrates the interconnection of various fracture orientations with an overall decrease in

fracture density with depth.

3.2.2.1.3 Bedrock physical and chemical properties

The migration of radionuclides and other contaminants through bedrock is controlled in
large part by the physical properties of the rock matrix or secondary porosity features and
chemical interactions between the contaminants and the rock. Calcium carbonate cements
in the Nolichucky and Maryville formations generally preclude any primary matrix porosity.
Therefore fluids move through bedrock principally along secondary porosity features
(fractures and solution cavities), Consequently, the key physical and chemical properties of
bedrock that affect radionuclide and other contamination transport include bulk rock
properties (porosity, open fracture density, hydraulic conductivity, etc.) impacting flow and
retardation associateA with ion exchange and sorption reactions caused by interaction with
the rock along fracture planes.

Physical and chemical properties of bedrock vary with the depth and degree of rock
weathering. In general, porosity, pH, and the capacity for ion exchange and sorption

O decrease with depth as the bedrock becomes more 'ndurated (i.e., less weathered) with depth.Porosity in bedrock is caused by solution of calcium carbonate cements (Table 3.2) in the
upper portion of the bedrock. Porosity development decreases sharply with depth as the pH
of infiltrating acidic waters are buffered and the water is in equilibrium with calcium-
carbonate. Bedrock pH also changes with depth. As shown in Table 3.2, at a depth of 5
feet, the pH of shallow bedrock is acidic (pH < 6), but increases to 7 to 8. The change in
pH reflects the depth of weathering.

KdsI for five radionuclides, CEC2, and other physical propetlies were determined for
rock cuttings from the 115-ft deep Maryviile borehole and a 25-ft deep Nolichucky borehole
in SWSA 7 (Rothschild et al. 1984b). Bedrock in SWSA 7, located further east in Melton
Valley, is representative of conditions at WAG 6. Mean physical and chemical properties
of bedrock are summarized in Table 3.3. Figure 3.22 relates the analyses for the Maryville
Limestone to depth.

IThe relativesorption (adsorptionand/or absorption)of a given compoundor radionuclideby a
rock or soil matrix is expressed as the distribution coefficient, Kd. The Kd is related to overall
retardation as follows:

Retardation factor (Rr)= 1 + Kd × (bulk density/porosity)

_Thecation exchangecapacity(CEC) is the sum of the exchangeablecationswithin a rock or soil

O profile. The CEC representsthe degreeof anticipatedion exchangebetweenradionuclidesandotherionic substancesand the rock or soil matrix.
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' As shown on Fig. 3.22, CEC decreases with depth as a result of decreased rock

weathering. The decrease in Kds for strontium-S5 with depth parallels a similar decrease in
total hardness (calcium 4- magnesium) Kds andexchangeable calcium with depth. Strontium
sorption is principally by ion exchange in competition with calcium and magnesium in
solution. The parallel decrease in Kds for calcium 4- magnesium and the increase in
calcium-carbonate content with depth suggests that the Maryville bedrock is increasingly
indurated and inert to radionuclide sorption at depth.

X,ray diffraction studies of selected Maryville rock cores from the ETF area (Davis et
al. 1984) indicate that illite, chlorite, andmixed layeri',lite/vermiculite are the dominant clay
minerals present. Webster (1976) noted that cesium-137 interacts with illite clays and is
readily sorbed into the illite lattice structure, while cobalt-60 is commonly adsorbed to
manganese oxide coatings in fractured or weathered rock. The decreasing Kds for
cesium-134andcobaJt-58observedwitl',depthinthedeepMaryv_lleboreholemay reflect
a decreaseinillitecon_ntandmanganeseoxidecoatingsrelatedtothedepthanddegreeof
weathering.No obs_;rvablepatternwasnotedforiodine-125orarnericium-241(Davisetal.
1984;Rothschildetal.1984b).Rock cuttingsfromthe25-ftdeepNolichuckyborehole
suggestsimilartrends,but theseremainunsubstantiateddue to thelimitedsampling
performed.

ltshouldbe notedthatthereportadKd valuesarederivedfrom bulkanalysisof
disaggregated rock cuttings_ However, most transport of radionuclides through the bedro:_
underlying WAG 6 is via fractures and other secondary porosity features. Sorption in _.;,=.
bedrock would occur where fluids _e in contact with the rock. As the surface area o, ,he
bedrock is limited to that exposed along the fractures (with some slight matrix interaction),
the actual sorptive capacity of the system is finite and is somewhat less than that described
by laboratory Kds derived from pulverized material.

3.2.2.2 Saprolite

Saprolite formed from in situ weathering of bedrock directly overlies competent bedrock
and is a significant component of the aquifer system where saturated. Under unsaturated
conditions, the saprolite is further significant in that this is the interval in which, by design,
the majority of waste disposal trenches terminate. This section provides a detailed
description of the saprolite based upon existing and RFI data. This section describes
saprolite occurrence and thick_*ss within WAG 6, its significant characteristics, and its
physical/chemical properties.

e

Saprolite occurrence. Throughout Melton Valley, the Maryville and Nolichucky
bedrock weather to form a saprolite indicative of the lithologies of the individual parent
formations. Saprolite in areas underlain by limestone=richbedrock, (as in the northern part
of WAG 6), is principally a brownish-yellow illitic clay (Vaughan et al. 1982). The
transition from saprolite to bedrock commonly is abrupt in these areas. Silty limestone or
siltstone/shale bedrock weathers to a porous, brown or dull olive-brown siltstone saprolite,
with a gradational transition to competent bedrock noted by an increase in rock fragments
with depth. Bedrock consisting of interbedded limestone and shale yields a saprolite with

1I....
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O alternatinghardandsoftbeds,suchaswasencounteredindrillingintheTARA areaatthe
northernendofWAG 6.

The overall thickness of the saprolite layer throughout WAG 6 is proportional to the '
depth of bedrock weathering and varies with topographic position. The 54 soil borings and
22 boreholes drilled during the WAG 6 RFI revealed that the saprolite ranged up to 45 ft
thick. Saprolite is generally thicker on hilltops and thinner along surface water features in
topographically low-lying areas.

Within WAG 6, the upper portion of the saprolite is further weathered to form a silty
clay soil layer that ranges from less than 1 ft to 13.5 ft thick (BNl 1990c,d; TM-06-08A,
Well Installation Phase 1, ActMty 2; TM-06-12A, Soil Sampling for the ORNL WAG 6 RFI,
Phase 1, Activity 2). This silty clay soil is equivalent to the "C"soil horizons. The contact
between the silty clay and saprolite is gradational, marked by an increase in shale fragments
and decreased weathering with depth. Contact generally occurs between 5 to 10 ft below
grade. Six RFI soil borings (SCA-10, SCA-17, SCC-2, SCC-3, SCE-5, and SCE-6) that
were terminated at refusal in limestone bedrock encountered no weathered shale zone; the
silty clay directly overlaid the limestone bedrock.

The original bedrock structural fabric is preserved in the saprolite. Consequently,
fractures and minor faults are commonplace, particularly in the southern half of WAG 6.
Saprolite exposures along the east perimeter road (in the vicinity of RFI Well 1234) show

O considerable kink folding and relict fracturing. As discussed previously, from mappingexploratory trenches within WAG 6, Dreier and Beaudoin (1986), Davis and Stansfield
(1984), and others have found the saprolite to be highly folded and fractured. Weathering
and differential movement of water through the saprolite fractures has in some cases
enhanced these relict features in siltstones and shales. In other cases, fracture faces are
coated with manganese or iron oxides (Ammons et al. 1987), thereby reducing fracture
openings.

Physical and chemical properties of saprolite. The physical and chemical properties
of the saprolite have been studied at WAG 6 and in similar settings at SWSA 7 and have
been reported in Ammons et al. (1987) and Rothschild et al. (1984a). Table 3.4 summarizes
the findings of these studies.

Porosity in saprolite is a combination of matrix and secondary porosity, developed
through weathering and leaching of carbonate cements and enlargement of fractures. The
degree of weathering in the saprolite is variable but decreases with depth as evidenced by the
following:

_, lllitic clays increase with depth and there is an abundance of iron and manganese oxide
clay complexes caused by downward percolation of water through the saprolite.

• The calcium carbonate equivalents are low and decrease with depth.

0
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• Clay content in the saprolite is high in the upper portions but decreases with depth in

less weathered saprolite.

• The saprolite becomes less acidic with depth (the contact with unweathered bedrock can
sometimes be distinguished by a sharp change to pHs greater than 7.5).

The chemical properties of in-piace saprolite are controlled by iron-manganese clay and
oxide complexes coating most fracture and grain surfaces (where weathering has sufficiently
enhanced primary matrix porosity). Laboratory Kds have not been determined for WAG 6
saprolite but are available from saprolite developed from Maryville Limestone at SWSA 7
(Rothschild et al. 1984a). Kds are not available for saprolite derived from Nolichucky
bedrock, but are expec_,d to be similar to those reported for Maryville saprolite from
SWSA 7.

Kds for strontium-85 are higher than observed for unweathered Maryville bedrock, but
there is increased competition for exchange sites with calcium and magnesium in solution,
which are leached from the saprolite. Kds for cesium-134 are also higher, perhaps related
to the increase in illitic clays and extractable manganese and iron over bedrock. (Cesium-134
sorption is higher in fhe presence of illitic clays, manganese, and iron.) SWSA 7 Kds
suggest that there is little difference between the sorption capacity of Nolichucky and
Maryville saprolite.

3.2.2.3 Soils O

This section provides a description of the distribution and physical/chemical properties
of WAG 6 soils.

Soil types and distribution. Detailed soil mapping at WAG 6 was performed by
Lietzke and Lee (1986) and Ammons et al. (1987) using eight test pits, one deep trench, and
soil/saprolite cores from two HHMS-series wells; 11 distinct soil types were identified.
Figure 3.23 depicts these soil types and their distribution at WAG 6 and shows the locations
of the test pits and trenches.

WAG 6 soils are principally residual soils developed in situ as weathering products of
Maryville Limestone and Nolichucky Shale saprolite. In addition, alluvial (water deposited)
soils occur along drainage paths and low-lying areas adjacent to WOL. Colluvial
(transported by gravity) soils also mantle some hillslopes, particularly in the northwest and
southwest portions of WAG 6. Recent alluvial and colluvial soils are developing in low areas
and along drainageways in WAG 6 as a result of gradual widening and slope retreat of the
surface water drainages. In the northwest comer of WAG 6, ancient alluvial soils are
evidenced by weilorounded quartzite from the distant Unaka Mountains as well as sub-
rounded Knox chert fragments. These alluvial deposits indicate that, during the past, the
Clinch River flowed across the site (Ammons et al. 1987; Davis et al. 1984).

Soil development is related to parent rock and/or saprolite composition, degree of /
weathering, and topographic position. As noted previously, weathering persists to greater
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O depths on hilltops than in low,lying areas. Consequently, thin residual soils occur on the
ridges but are absent in the low areas, where thick alluvial deposits are found. The
descriptionsof eight test pits presented in Lietzke andLee, (1986) revealed total soil thickness
ranging from 1.3 to 9.8 ft. Generally WAG 6 soils are less than 3 ft. thick,

, / '

As described in Sect. 3.2.2,2, !]_/L-l_0rlzon soils at WAG 6 are typically composed of
silty clay, with increasing shale conu_nt_arkirr!gthe transition to the underlying weathered
shale saprolite (where present). The silty clay ranges from less than 1 to 13.5 ft thick.

Thin, highly acidic A- and B-horizon soils overlie the silty clay C-Horizon. The '
A-Horizon soil (soil exposed at ground surface) is typically a gray to yellowish-brown silt
loam or shaley silt loam with less than 20% rock fragments. A-Horizon soil ranges from less
than 1 in. to 1 ft thick (with a mean of 8.5 in.). The B-Horizon underlies the A-Horizon soil
andaverages 34.5 in. thickness, lt is comprisedof yellowish-brown or orange-brown shaley
silt loam to silty clay and clay loam, with manganese oxide nodules and coatings and an
overall increase in rock fragments with depth. The pH of the B Horizon soils ranges from
acidic to alkaline (pH 5 to 8). Between 50 and 100% of the relict bedrock structure is
preserved in the B-Horizon (Ammons et al. 1987).

t

As reported in Section 3.1, native soils have been removed or reworked and fill
materials imported during operational and disposal activities within most areas of WAG 6.
Soils have been considerably altered or removed in association with construction of the 49

D Trench French Drain, Tumulus pads, and most recently the widespread grading inconjunction with construction of the IWMF in the southwest part of WAG 6. Ammons et
al. (1987) report that during clearing activities, most of the soils in trenched areas were
pushed off into the drainage ways or buried under leached/unleached saprolite excavated from
the waste disposal trenches. Vaughan et al. (1982) further reports that most of the A- and
B-Horizon soils were removed in the ETF area in 1975. In these and other cases, activities
at WAG 6 have altered the natural fabric, mineralogy, and distribution of soils, creating
zones of variable and unpredictable permeability both laterally and vertically.

Several soils or conditions identified in WAG 6 test pits have physical characteristics that
may impact local saturated or unsaturated zone groundwater movement:

• Soil unit 5, which typically occurs in foot-of-slope positions, commonly has a fragipan
horizon that tends to perch water above it. Flow zones associated with the fragipa_,

layer were evident at depths of 2.3 to 3 ft in test pit V in the vicinity of the ifiologicai
trenches (Lietzke and Lee 1986). Soils of this type underlie the Tumulus 'area and "
biological disposal trenches in the southern part of WAG 6.

,, Lietzke and Lee (1986) encountered a relatively impermeable bedrock underlying soil
unit 10, as observed in test pit X, and suggest that at this location, water evidently flows
laterally along the soil/rock interface, discharging to the stream.

Soil physical and chemical properties. Information regarding the physical and

O chemical nature of WAG 6 soils is principally provided by Ammons et al. (1987) and Davis

1
/
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et al. (1984). Additional soil properties information is presented in Rothschild et al. (1984a)
for soils in SWSA 7. Table 3.5 summarizes the soil properties from these sources.

WAG 6 soils are thin, acidic, andhighly leached. Organic content is typically low (less
than 4.3 percent) and decreases with depth; clay content increases with depth in the soil
horizons and clay-filled upper saproltte. Consequently, soil bulk density generally increases
with depth; porosity correspondingly decreases, in part because of the clay plugging and also
because of manganese and iron oxide precipitation. CEC was high, averaging 208 meq/kg,
and displayed no observable trends either laterally, vertically, or in relation to other
properties.

Bulk Kd analyses were performed on 24 Maryville soil samples collected from three 6.5-
ft deep trenches within WAG 6 (Davis et al. 1984). Additional laboratory-measured Kds for
soil from a shallow trench in the northern part of WAG 6 and for other WAG 6 soils
sampled and described by Lietzke and Lee (1986) were determined by Friedman and Kelmers
(1990). In general, these studies found:

* No observable patterns or correlations were identified between Kd values and depth, soil
physical propertie_, or each other.

* Kds measured varied widely accor.tlr_,,,to soil type. For instance, the Kd for cesium
ranged from 151 L/kg for mixed sz _tone/shaley clay to 5035 L/kg for claystone soils.

* Organics (EDTA, napthalene, tolu ..... , chloroform, andphthalates) had no effect on the
Kd for europium. I1¢

• The Kds for europium and uranium increased with increasing pH, but above pH 5.5 the
Kds for uranium began to decline

• Although thin, WAG 6 soils have a high sorption capacity and are thus capable of
re!miningappreciable concentrations of cobalt, strontium, and uranium.

i

3.2.3 SUMMARY OF FINDINGS REGARDING SITE GEOLOGY
[J

i
Ttaedistributionandphysical characteristics of the geology saprolite, (bedrock, saprolite,

and s¢)t_ls)at WAG 6 constitute the aquifer skeleton and in large part control the site's
groundwater hydrology (discussed in Section 3.3). The following key findings about site
geology ;_e fundamentalto understandinggroundwaterhydrology at WAG 6 andrecognizing
the lin_itations the site geology imposes on defining contaminant fate and transport.

• Bedrock

- The Maryville Limestone and Nolichucky Shale bedrock underlie the northern and
southern parts of the site, respectively. These formations were deposited in an
environment whereby rapid lateral and vertical variations in lithology are common.
Consequently, correlations of individual beds within these formations from well to well
are uncertain.

- Although bedrock generally strikes grid east-west and dips towards grid south (i.e., tru,': /
northeast strike and southeast dip), due to local structural complexities a wide range in
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bedding strike and dip has been documented at WAG 6. Site borehole televiewer logs
and rock cores show that strikes and dips change rapidly in relatively short vertical
distances,

- Minor folding (i.e., kink folds) and normal, reverse, and thrust faults are widespread.
Two principal thrust faults have been identified trending roughly east-west across
WAG 6. Other faults and fault splays are also possible. Faults may act as either
conduits or impediments to groundwater flow (i.e., a given fault or fault zone may in
one location facilitate groundwater flow and in another, serve as a barrier to flow).
However, faults at WAG 6 are not active faults.

- Structuralcomplexity increases from north to south across WAG 6 and is likely related
to the occurrence of the two principal thrust faults,

- Little or no primary porosity exists in the bedrock, However, fractures (secondary
porosity) are widespread, As many as five distinct fracturesets may be encountered at
a given location at WAG 6, Principal fracture orientations include strike parallel and
bedding plane parallel fractures (generally trending ORNL grid east-west) and a
high-angle fracture set oriented perpendicularto bedding,

- Most fractures are short (less than 3 ft long) but interconnected so as to form a
complicated network (i.e., stair-stepping patterns in ali directions) forgroundwater flow.

- Open fracture density decreases with depth.

- Depth to bedrock varies with topography, ranging from 2.5 to 51ft below land surface,
Along the perimeter of WAG 6 the depth to bedrock was found to be 20-25 ft below
grade; an average 10 ft below grade along the eastern perimeter (ranging from 2.5 to
21 ft); and greater than 23 ft along the southern boundary adjacent to WOL,

* Saprolite

- Saprolite overlies bedrock throughout the site and is formed in place from weathering
of underlying bedrock.

- Saprolite thickness varies across the site with degree and depth of weathering; it is
generally thicker on hilltops.

o

- Relict bedrock structural fabric is preserved, and in some cases (owing to movement of
fluids through the saprolite), porosity associated with the structural feature is either
enhanced or occluded.

- Weathering has further resulted in dissolution of calcium carbonate cements such that
the saprolite shows considerably more matrix (primary) porosity than underlying

unweathered bedrock.

! ' I1[11' , i,i, III '
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• Soils

- Eleven different soil types have been delineated at WAG 6.

- WAG 6 soils are typically thin and acidic. In many areas, soils have been removed,
reworked, or otherwise altered during site operations. This has created discontinuous
zones of variable andsomewhat unpredictablepermeability, both laterally andvertically.

- Although thin and variable, WAG 6 soils have high sorptive capacities for retaining
cobalt, strontium, and uranium.

• Overall

- The geology of the site is complex, being a product of original depositional patterns in
the bedrock, severe and variable structural deformation, weathering, and human
activities. Consequently, there is considerableuncertainty in determining hydrogeologic
processes on a local scale, such as assessing specific flow paths from a particular trench
source to a well or surface water.

t

3.3 GROUNDWATER HYDROLOGY

Groundwater is a significant pathway for transport of contaminants at WAG 6.
Consequently, a thorough understandingof site groundwaterhydrology is relevant to support
risk assessment, evaluate the nature andextent of contamination, anddevelop remedial action
alternatives.

This section sununarizes the groundwater hydrology of WAG 6. Section 3.3.1
discusses prior groundwater investigations conducted at WAG 6 and describes the existing
network of wells and piezometers used to evaluate WAG hydrology. Section 3.3.2 describes
groundwater occurrence at WAG 6 and discusses trench hydrology, the effects of ICM
capping, aquifer geochemistry, aquifer hydraulic properties, and groundwater flow. Key
findings related to groundwater hydrology at WAG 6 are summarized in Sect. 3,3.3.
Hydrogeoiogic data for wells identified within WAG 6 are summarized in Appendix 3A.

3.3.1 Prior Investigations/Monitoring Network

SWSA 6 has long been the focus of ORNL and USGS investigations, site
characterization research, remedial technology demonstrations, and regulatory compliance , "
monitoring. The first groundwater wells and/or piezometers were installed in 1954 as part
of the initial characterization of SWSA 6, 15 years prior to the site's use for disposal. Since
then, available records indicate a total of 355 groundwater wells and/or piezometers have
been drilled and installed within WAG 6. Additionally, as many as 600 trench piezometers
have been installed in andbetween most of the waste disposal trenches in SWSA 6 to monitor
tyench water levels and trench water/leachate chemistry. The RFI identified 226 WAG 6

groundwater wells or piezometers and 72 WAG 6 intratrench piezometers for which records
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O are available, Well construction data for these wells and ptezometers are summarized in
Appendix 3A,

Table 3.6 summarizes the history of groundwater well or piezometer installations
through June 1990, and identifies those still existing when the WAG 6 RFI was conducted,
Figure 3,24 shows the locations of ali identified wells or piezometers within or immediately
adjacent to WAG 6,

Since completion of WAG 6 RFI field activities (June 1990), approximately 50
additional monitoring wells, well points, or ptczometers have been installed or wore to be
installed within WAG 6 by ORNL as part of the ongoing Active Sites Monitoring Program,
These include 31 intratrenchwells installed next to the LLW silos; 8 wells installed next to
the high activity auger holes; 2 wells installed near the active fissile wells; a well installed
adjacent to both asbestos silos; 4 wells planned in the Hill CutTest Facility area; and 6 new
wells around Tumulus Pad 2 (Ashwood 1990a; Ashwood 1990b; Wickliff, Morrissey, and
Ashwood 1991), Figure 3.24 and Appendix 3A do not include wells instal!cd _,¢LcrJune
1990, Also, since June 1990, grading activities associated with the IWMF construction in
the southwest part of WAG 6 have resulted in the destruction or abandonment of the 10
IWMF piezometers as' well as several other pre-RAP piezometers (piezometers 266, 267,
380) 274, 276, 379 and 380),

Most of the still-existing wells and piezometers were constructed using methods or

O materials that predate current standards for use in regulatory compliance water qualitymonitoring. However, they provide valuable information regarding groundwater
potentiometric levels, and these data have been used to the extent practical in the RFI.
Limited groundwater sampling has been performed on many of the piezometers in
conjunction with research projects conducted in WAG 6 over the years. Analytical results
are presented in Appendix 1B, and have been incorporated as appropriatein the assessment
of the nature and extent of contamination (Sect. 4).

The present groundwater quality monitoring network consists of the 22 RFI monitoring
wells (BNl 1990c; TM-06-08A, Well Installation) and 30 ORNL RCRA compliance
monitoring wells (Mortimore and Ebers 1988). Figure 3.25 shows the locations of these 52
water quality monitoring wells. The 22 RFI wells were installed at depths ranging from 3 ft
to 170 ft to monitor the shallow storm flow zone, saturated regolith, and shallow and deep
bedrock. Details regarding well construction and rationale for well location selection are
provided in WAG 6 RFI TM 06-08, WAG 6 Well Installation, Activity 1 (BNl 1990c) and
TM 06-08A, WAG 6 Well Installation, Activity 2. Of the 22 wells installed, 3 wells (1226,
1232, and 1235) have remained consistently dry throughout the investigation period.

The ORNL compliance monitoring network consists of upgradient, interior site
characterization and perimeter wells and well pairs. Generally, well pairs were constructed
to monitor both the water table and the deeper bedrock 0.e., less than 110 ft deep) and areI

screened in both regolith and/or shallow bedrock. Deep potentiometric control within WAG
6 is afforded by: four HHMS three-wellclusters that monitor 20-ft open intervals at three

O distinct depths to 400 ft; by a four-well cluster at the ETF site to depths of 240 ft: RFI well
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pair 1237 and 1238; RFI wells 1236 and 1239; and a three-well cluster on the east side of
WAG 6 (RFI wells 1234, 1249, and ORNL Well 840),

Following completion of the WAG 6 RFI, wells not required to support activities
leading to site closure will be plugged and abandoned to eliminate them as possible sources
of cross-contamination, ORNL is preparinga detailed well plugging and abandonment plan,
and plugging and abandoning will be conduct_ as an activity separate from the remedial
action prior to completion of the Record of Decision (ROD).

3.3.2 Groundwater Occurrence

Groundwaterat WAG 6 occurs principally under unconfined, water table conditions
in the regolith and shallow bedrock. No major confining layers or aquitards have been
identified, such that groundwateroccurs as a continuum from the water table surface depth
in bedrock. Perched water conditions occur locally in WAG 6 within the unsaturatedzone,
or vadose zone, Transient saturatedconditions associatedwith shallow subsurface storm flow
in the uppermost unsaturated zone also occur. Figure 3.26 illustrates the various elements
of groundwater occurrence at WAG 6. As shown, near surface water features and in low-
lying areas, the storm 'fiow zone and shallow water table are indistinguishable.

3.3.2.1 Saturated zone
mL

The water table marks the top of the saturated zone and occurs at depths ranging from
less than 1 ft below grade in low-lying topographic areas and along surface water drainages
to as much as 55 1t beP_w grade on hilltops. The water table fluctuates in response to
episodtc and longer-tent_ seasonal patterns of precipitation and evapotranspiratton. Water
levels are generally highest from January to March (peaking in February), when precipitation
is high and evapotranspiration is minimal; water levels are lowest from August through
October, when precipitation is low and evapotranspiration is high.

Historical water level data are plentiful for existing wells and piezometers at WAG 6.
However, there have been few occasions during which a large number of wells were
measured simultaneously, such that it is not possible to construct a potentiometric map for
the whole site for a given date using this data. Therefore, in February 1990, water levels
were measured at nearly 300 wells and ptezometers in existence at that time in and adjacent
to WAG 6. These water level measurements are tabulated in Appendix 3A. Additional
water level data recorded in association with quarterly sampling of the 30 ORNL compliance
monitoring wells and the 22 RFI monitoring wells from 1988 through June 1990, are
summarized in TM-06-09A, Groundwater Sampling Phase 1, Activity 2.

A water table potentiometric map for February 1990 is presented in Fig. 3.27. lt is
believed this map reflects both seasonal as well as long-term high water table conditions
(1990 was a wet year with above-average precipitation). Although the majority of WAG 6
wells do not straddle the water table, potentiometrie maps constructed using data from welt._
screened at or within 50 ft of the water table provide a reliable approximation of the water
table. Potentiometric head differences were noted in well pairs consisting of deep and
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shallow bedrock or regolith wells, Therefore, in preparing Fig, 3,27, care was exercised to
exclude potentiometrle data from deeper bedrock wells, deep wells in well pairs or well
clusters, and wells encountering obvious perched water conditions, As Fig, 3,27 shows, the
water table surfac_ appears to be a subdued replica of site topography (see Fig. 3,1), and
wate.r table gradients suggest local flow to WAG 6 surface water drainages and overall
southerly flow towards WOL, The potentiometrle map further indicates the llne of
topographic highs along the northwest boundary of WAG 6 forms a groundwater divide,

w

A complete round of water level measurements from all existing wells representing dry.
season conditions (i.e,, September 1990) was not obtained during the WAG 6 RFI field
effort, However, existing historic water level data for 118 site w_lls were evaluated
collectively to assess the mean maximum annual water level fluctuation at each location,
This information is summarized in Appendix 3A, The maximum historic water level
fluctuations recorded in these wells were contoured and are presented as Fig. 3,28,
Typically, water level fluctuations are more pronounced in higher topographic areas; in
low-lying areas (particularly along surface water drainages), water table elevations are
maintained at more consistent levels. Because of this, hydraulic gradients are generally
steepest during the wet season, becoming more subdued during the dry season, As Fig. 3,28
confirms, the least mnount of fluctuation was observed in Iow-lylng areas, while greater than
20 ft of maximum fluctuation occurs in localized areas of generally higher topography in the
northern portion of WAG 6. Because Fig. 3.27 represents seasonal (as well as long-term)
high water table conditions, the hydraulic gradients shown represent expected maximums;

O hydraulic gradients during the dry season would be somewhat less. Evaluation of historicaldata indicated a mean maximum watertable fluctuation of 6.67 ft. Consequently, water level
elevations for low water table conditions would be expected to average 6.7 ft lower than
those presented for February 1990,

Shallow wells screened in either the bedrock, or regolith show rapid response to
precipitation events, whereas deep wells show little or no response. Figure 3.29 presents
daily rainfall hyetographs and hydrographs for three shallow WAG 6 wells for which
continuous water level data were available. The hydrographs show water level responses
from several hours up to 12 hours, Davis et al, (1984) and Davis and Marshall (1988) report
response times of 5 to 7 hours with 11.5 hours to peak water level and up to 170 hours for
reequillbration, Hydrographs and hyetographs for other wells (Ashwood and Spalding 1990)
show similar trends, although water level data generally were recorded biweekly to weekly
and aquifer response to individual precipitation events could not always be. measured,

Figure 3.30 presents hydrographs for two 400-ft deep HHMS-series piezometers for
which continuous water level data were available. Two significant features of these
hydrographs are noted. First, water levels for both wells indicate these wells have yet to
reach equilibration following drilling and installation in 1987. In fact, ali but one of the four
deep HHMS-A wells (HHMS-7A) are still equilibrating. (This is related to the low
storativity of the aquifer associated with decreased secondary permeability and hydraulic
conductivity at depth in the bedrock,) Second, these hydrographs show a lack of water level
fluctuation in response to precipitation events, Although some minor pressure fluctuations

are noted in these wells, they cannot readily be correlated to precipitation events.
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Alternatively, due to the low hydraulic conductivityprevalent in wells of this depth, lt is
possible that the lag in aquifer response is so great that the minor fluctuationsobserved are
responses to recharge (i,e,, precipitation)eventsoccurring prior to the period for which data
was recorded, No explanationcan be offered for the erratic hydrographresponse shown for
HHMS-6A, which is located outsidethe WAG 6 boundaryon the southside of WOL,

Comparingmeasuredwater level elevationswith bedrockelevations in wells and
plezometers shown in the hydrogeologtccross sections (Figs. 3.9 through 3.19), tt is clear
that the water table in some areas in WAG 6 occurs in the regolith and in other areas occurs
in the bedrock, To separate those areas where water table occurs in bedrock from those
where tt occurs in the regolith, the top of beztrockelevation map (Fig, 3,6) was subtracted
from the February 1990potenttometrtcmap (Ftg,3.27), The resulting interceptvalues were
contoured to represent the regolith-saturatedthickness map presented in Fig, 3,31.
Figure 3,31 also shows areas where, during seasonal highwater table conditions, the water
table occurs in the bedrock and the overlying regolith is unsaturated,

As shown in Fig, 3,31, in much of the northern portion of WAG 6 the water table
occurs below bedrock at depthsranging up to 30 ft below the regolith/bedrock contact, In
areas where the water' table occurs above bedrock, the saturated thickness of the regolith
ranges up to 30 ft, but is generally less than 20 ft thick throughout the site. Because the
water table declines seasonally,lt can be assumedthat the extent and thicknessof saturated
regolith will also declineas more be,lrock is exposedabovethe water table. The anticipated rill
areal extent of saturated regolith and/or bedrockunder low water table conditions, as shown
on Fig. 3.31, was interpreted by assuming a 6,7 ft decline in the seasonalhigh water table

• elevation(themeanmaximumfluctuationobservedfrom historicaldata), whi:h wouldexpose
an additional6.7 ft of bedrock abovethe water table. As shown tnFig. 3.31, during the dry
season, a much larger area exists where the water table occurs below the bedrock surface.
(The Implicationsof this flndtng on groundwater flow is pursued further in Sect. 3.3.2.5_.
Because Fig. 3.28 shows areas where water table fluctuationscould be less than or exce,,d
the assumed average (6.67 ft), the actualextent of areas where the water table occurs belo,v
bedrock during dry season conditions could vary from that shown in Fig. 3,31,

Groundwater recharge and discharge. Groundwater recharge is principally from
precipitation (estimated to range from 7 to 9% of annual precipitation at WAG 6) and as
such, occurs throughout WAG 6. The undulating topographic relief and presence of
intervening surface water drainages results in very localized shallow flow systems with
classic proximal recharge and discharge areas ali within WAG 6. As shown in Fig. 3.27,
recharge areas coincidewith topographicallyhigher areas, while dischargeappears to occur
along drainages and to WOL. Head differences observed in well pairs and clusters for the
most part confirmthis assessment. In recharge areas, the shallowwell of the pairs typic.ally
(though not always) show higher potentiometric head than the deeper well indicating
downward components of flow associated with recharge. Conversely, in discharge areas,
such as along the unnamed surface water drainage bounding WAG 6 on the east,
potentlometric head observed in the deep well of the pair exceeds that of the shallow weil.
indicatingan upwardvertical flow componentcharacteristicof groundwaterdischargeareas.
This ts further confirmed by the artesian conditions observed in RFI wells 1244 and 1245 IP'
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O installed directly adjacent to this drainage, Well pairs installed in hillslope positions
somewhere between the hilltop recharge areas and lower relief discharge areas show typical
mixed upwind and downward vertical gradients depending on location relating to the
imaginaryline separatingrecharge anddischarge (i,e,, where measured heads would be equal
in deep and shallow wells),

Head differences observed in well pairs and clusters represent either upward or
downward vertical gradients that can be related to the reeharge-disehm'ge relationship
discussed. Table 3,7 summarizes average ventcal gradients and directions for WAG 6 well
clusters and well pairs based upon available water level data. Figure 3.32 displays the
averagevertical gradients and indicated gradient direction. Vertical gradients observed range
from 0,008 to 0.23 ft/ft and reflect the potential for both upward anddownward components
of flow, A downward component of flow is indicated at the HHMS-7 and ETF-14/15/16
well clusters. At HHMS-7, the vertical gradient increases with depth while the ETF cluster
shows a decrease in gradientwith depth, Upward vertical gradients were observed between
the intermediate and shallow wells at the HHMS-5 well cluster, which is located adjacentto
WOL In a groundwater discharge location, Vertical gradients could not b_ determined
between intermediate and deep wells for HHMS clusters -4, -5, -6, m_d -8 because
potentiometric data indicate the deep wells have not yet equilibrated following drilling and
installation(as shown in Fig, 3,28). lt must be noted that the occurrence of vertical gradients
does not imply flow in a ;tertical sense, only the potential for vertical components of flow.
However, as will be d!acussed fllrther, site data suggest there is little or no vertical

O groundwater flow from shallow to deep zones, and the high degree of topographic relief issufficient to induce virtually all of WAG 6 recharge to remain in the shallow, upper portion
of the aquifer.

Effects of the 49 Trench area French Drain, A key feature recognizable on
Fig. 3.27 is the linear drawdown pattern in the central part of WAG 6 associated with the
49 Trench area French Drain. This drain, installed into bedrock in late 1983, was designed
to intercept groundwater from upgradient areas and lower the water table below the base
elevation of the 49 Trench area trenches, thereby decreasing the generation and potential
mobilization of leachate, The French Drain is lined with a filter fabric and consists of a
226-ft-long north leg, which discharges to a catch basin at the western outfall, and a 600-ft
long east leg, which discharges to a catch basin at its southern end. Discharge from the east
leg ultimately drains to surface water drainageway DA,

Early post-construction performance monitoring by Davis and Stansfield (1984) showed
the French Drain effectively suppressed the water table to a depth of 16 ft below ground .'
surface over 50% of the 49 Trench area. (Previously the water table occurred at a depth of
6 ft, below grade.) Drawdown was observed to extend 164 to 196 ft from the trench
centerline (out to intertrench Well 400), with a maximum 13-ft suppression at the deepest
point in the drain (Davis and Marshall 1988). As a result, 29 of 49 trenches had dried up.

Davis and Marshall (1988) report that discharge from the east leg of the drain during
steady state conditions is 0.32 tc 0.50 gpm but ranges up to 20 gpm during storn_ events.

O (1988) report a 1,137,909 695,903 gal water were
Davis and Mm-shall total of and of
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discharged from the east leg during 1984 and 1985, respectively. Discharge from the north
leg is intermittent and was observed only five times during Davis and Marshall's 3-year
study, and then at a peak discharge of 1 gpm associated with a storm.

Figure 3.27 clearly shows that the French Drain is effective in intercepting
groundwater, particularly in the immediate vicinity of the drain. However, an evaluation of
precipitation and well hydrographs for the period 1984 to 1988 shows that the French Drain
effectiveness is decreasing, probably as a result of clogging of the filter fabric lining (Black
1989). Wells within 40 ft of the drain show 4 to 11 ft of sustained water table suppression,
whereas wells beyond 50 ft of the drain centerline now show no drawdown effects.

3.3.2.2 Unsaturated zone

The unsaturated zone at WAG 6 extends from ground surface to the water table and
primarily consists of soil and saprolite, although, as shown in Fig. 3.31, the uppermost
competent bedrock is also locally unsaturated when it protrudes above the water table. This
interval is significant because, by design, the majoriD' of waste burial trenches terminate in
the unsaturated zorita. Groundwater occurs within the unsaturated zone as localized lenses
of perched water a_ad'as transient water in the storm flow zone. This section describes
groundwater occurrence in the unsaturated zone and discusses active processes related to
waste disposal trench hydrology (bathtubbing, trench-groundwater interactions, effects of

ICM capping.) O
Perched water. Perched conditions havebeen observed locally within the unsaturated

zone in wells and piezometers, specifically in the northwest corner of WAG 6 (in piezometers
269, 267, and 270) and in the 49 Trench area in the central part of WAG 6 (in Well 1232
and Piezometer 317). Perched conditions are not unexpected due to the nature of the regol!'h
(for example, the occurrence of a clayey C-horizon as previt_usly described) and the number
of waste disposal trenches that commonly retain irffiitrating water, creating a bathtubbing
effect. Perched water may also occur in areas of "w'AG 6 underlain by soil unit 5 (see
Fig. 3.23), which commonly displays a fragipan horizon that could act to perch water.

Well control suggests these perched zones are of limited extent (generally only in the
vicinity of the well where encountered) and are relatively insignificant. For example.,
perched water identified in Piezometer 269 in the western part of the site was not observed
in Piezometer 378 or wells 857 and 858, which are located within 40-50 ft of
Piezometer 269.

._

Storm flow. Recent research efforts at ORNL have emphasized the significance of
the subsurface storm flow or interflow zone as a mechanism and pathway for shallow
transport of infiltrating water and contaminants in the unsaturated zone to surface streams.
The storm flow zone consists of the macropores and mesopores in the root zone of shallow
soil horizons and, depending on local conditions, comprises the shallow interval from ground
surface to a depth of up to 6 ft (see Fig. 3.26). Conceptually, stt_rrn flow may occur
wherever the infiltration rate and capacity of surficial soils exceeds the peak rainfall intensity.
Consequently, flow in this zone is transient (lasting only hours or days), generated in
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O response to precipitation events of sufficient duration and intensity to saturate this interval
and produce a transient perched zone in the storm flow zone. Infiltrating water is then
transmitted laterally downslope in response to gravity, following short flow paths towards
adjacent drainages. Because the base of the zone is not impermeable, recharge to the water
table occurs along the length of the saturated storm flow zone. Near perennial streams, the
water table is considerably higher; in these areas, the storm flow zone and water table are
indistinguishable. The storm flow zone and water table may also be connected locally on
steep hillsides where wet-weather seeps can occur.

The occurrence of storm flow is dependant on the infiltration rate of surface soils
exceeding both the peak rainfall intensity and permeability of the underlying saprolite such
that the majority of precipitation will infiltrate and remain perched in the storm flow zone.
Moore (1988) compared hydraulic conductivity data from slug tests conducted in nearly 400
piezometers at ORNL (including 60 piezometers at WAG 6) to limited soil infiltration data

L,

i for undisturbed, forested soils in SWSA 7 and determined that the shallow surface soils havesignificantly higher permeability than the underlying saprolite. Further, Moore reported the

i;i infiltration capacity of undisturbed forested soils exceeds the maximum rainfall intensity forthe area, such that practically ali incident rainfall infiltrates into the soils with little or no
overland flow component. From results of storm flow monitoring at SWSA 7, Moore (1988
and 1989a), postulated that in undisturbed areas on the ORR, 90 to 95 % of the rain water
actually infiltrating into the subsurface (approximately 39 to 41% of annual rainfall) is
conducted through this zone to surface water drainages, with only 5 to 10% of precipitation

O actually recharging the shallow groundwater.

Other studies (Solomon et al. 1989) conducted in a localized study area similar to
WAG 6 at nearby SWSA 5 have shown that storm flow only accounts for an estimated 44%
of the total discharge (i.e., groundwater discharge plus storm flow) to adjacent Melton
Branch during "dry" years. Further, in this study, tritium detected in soil pore water
strongly suggests that the flow path between the waste disposal trenches and the stream may
be partially in the storm flow zone, but the contamination is discharged to the stream as
groundwater.

During the WAG 6 RFI, three shallow storm flow wells were installed to assess the
storm flow zone at locations whe'e it was expected to be present. Ali three wells were
constructed using RCRA monitoring well construction standards. Wells were screened from
3 to 14 ft below ground surface to intercept the storm flow zone. However, throughout the
investigation, two of the three wells (Wells 1226 and 1230) have remained consistently dry
during rainfall events monitored. The third weil, RFI Well 1232, consistently had water both "
during periods of precipitation and during dry periods; it likely monitors a localized perched
water lense. These results highlight the logistical problems associated with monitoring this
zone and the difficulty in predicting the occurrence of the storm flow zone.

As previously discussed, the surface soils at WAG 6 have been highly disturbed,
reworked, or removed as a result of site clearing and grading, waste disposal trench

0
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' excavation, and cut and fill work associated with the construction of the ICM caps, Tumulus

pads, and IWMF area. Additionally, over 1000 piezometers, wells, auger holes, and
disposal trenches perforate the storm flow zone, providing infiltration galleries that bypass
lateral storm flow. Approximately 15% of the WAG 6 surface area is covered by
impermeable ICM caps preventing direct recharge to the storm flow zone. Consequently,
the surficial soils at WAG 6 are not representative of undisturbed, forested conditions
elsewhere in Melton Valley and the storm flow zone, where prevalent, is likely laterally
discontinuous.

Available WAG 6 soil infiltration data suggest that overall, there is little difference in
permeability between site soils and underlying saprolite at the locations where data were
collected. Further, site soil infiltration rates :(ranging from 1.8 x 10̀ 3to 6 x 10"6cre/see) are
less than the peak rainfall intensity of 2.3 cre/see reported by McMaster (1967) for the area.
This suggests that once the infiltration capacity of the soils is reached and soils are saturated,
the majority of precipitation would be conducted away as overland runoff. However, as
discussed in Section 3.2 and shown on Fig. 3.23, 11 distinct soil units have been identified
at WAG 6, and physical and hydraulic properties likely vary laterally within a given soil type
as well as between different soil units. Nonetheless, although site soils may display higher
infiltration rates elsewhere in WAG 6, in the areas where data were collected it is unlikely
that storm flow is a significant factor.

Hydrographs for shallow water table wells at WAG 6 show rapid responses to rill
precipitation events (up to 3.5 ft peak increase in water level). If the majority of infiltrating IP'
water was attenuated in the storm flow zone, such rapid increases would not be expected to
occur. This suggests that the storm flow component may not be present in these locations.

From the preceding discussion, the storm flow zone at WAG 6 is believed to be hi-hly
variable and discontinuous, resulting in discrete flow pathways where present. However. _
will be discussed in the following section, storm flow does appear to be occurring at WA CJ6
as evidenced'by trench hydrology data in the vicinity of capped areas, and may be of
significance in contaminant transport at WAG 6. Nonetheless, due to the inherent
heterogeneity of the storm flow zone at WAG 6, site-wide characterization of this component
is neither practical nor feasible. Consequently, considerable uncertainty exists regarding the
impact of storm flow on the hydrologic system and contaminant fate and transport at WAG
6. Due to these uncertainties, simple recognition of the potential for storm flow is sufficient
to support the remedial alternatives selection process (i.e., although monitoring the storm
flow is impractical, remedial strategies should include components that address storm flow).

,!

3.3.2.2.3 Trench hydrology

Unlined waste trenches at WAG 6 are typically 10 ft wide by 50 ft long by 15 ft deep.
However, in the biological trenches, trench depths are shallower, ranging from 7 to 12 ft
deep. Unlined auger holes are typically up to 5 ft in diameter and up to 23 ft deep.
Although they were initially designed so that their bottoms would be above the water table,
an interesting of shallow trench waste burial operations is that precipitation tends _1_consequence
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O to infiltrate into trenches either directly or via storm flow, creating bathtubbing conditions
wherein water is perched in the trenches above the water table. In other areas of WAG 6,
the water table intersects the trenches perennially and/or when seasonal or episodic high
water table conditions persist, causing further inundation of the trenches.

Trench bathtubbing occurs when inflow from these sources along fractures, mesopores,
and macropores exceeds outflow through the trench bottoms and side walls, which have
lower permeability. Bathtubbing trenches act as infiltration galleries allowing for
mobilization of leachate. In the ease where trenches are completely filled, outflow can
potentially occur via the storm flow zone, where it exists.

Bathtubbing is most pronounced during the winter wet season. During this time,
precipitation is at a maximum, evapotranspiration is minimal, water table elevations and soil
moisture contents are highest, and water infiltrates into waste disposal trenches faster than
it seeps out of the bottom (Tamura et al. 1980).

Pre-ICM eiip Wench hydrologic conditions. Davis et al. (1987) reported on a study
conducted by Davis and Solomon to identify the interaction between the shallow water table
and trenches. A total of 20 intratrench monitoring wells and 6 water table wells were
monitored over an extended period to define the hydrologic conditions of the trenches in
WAG 6. A combination of continuous and manual water level measurements were made
beginning in February and March 1986. Existing data from 1985 to 1987 were also included

O in the study. T;hewater level data showed that trenches could be classified hydrologicallyaccording to one of the following five criteria.

(1) Unsaturated--the water table outside the trench was consistently below the trench
bottom and standing water was not observed in the trench monitoring well

(2) Inundated--the water level elevation in the trench monitoring well is above the trench
bottom and equal to the water level elevation observed in adjacent water table
monitoring wells

(3) Intermittently Inundated--a combination of 1 and 2, due to a fluctuating water table
(4) Bathtubbing--the water table elevation adjacent to the trench was consistently less

than the water level inside the trench and is below the trench bottom and measurable
standing water was observed in the trench monitoring well

(5) Intermittently Bathtubbing--the trench bottom is about the seasonal high water table
and trench water is only encountered sporadically

The hydrologic condition of trenches in WAG 6 during the study are shown in "
Fig. 3.33. Solomon et al. (1988) report only 10% of trenches monitored were either
bathtubbing or inundated during the entire monitoring period. Eighty-four percent of SWSA
6 trenches showed either intermittent bathtubbing or were intermittently inundated during this
period. Further monitoring of 14 trench wells from 1986-1987 identified only 6 trenches in
which bathtubbing occurred for more than one month. Davis et al. (1987) found that only
those trenches with water levels within 1.5 ft of the adjacent water table showed any
significant response to storm events. When trench well water levels are greater than 1.5 fl

O above the local water table elevation, the majority of infiltration can be attributed to direct
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infiltration through the cap or storm flow. However, when the water level difference is less
than 1.5 ft, as much as 90% of the total trench influx may occur through pathways other than
direct infiltration through the cap, namely, interactionwith the water table.

Water level data from 1976 to 1987 indicate that the auger holes are not inundated by
a high water table, although standing water was observed during construction of several
auger holes (Solomon et al. 1988). The existence of bathtubbing auger holes was not
explored because piezometers do not exist in auger holes.

Effects of ICM capping on trench hydrology. In 1989, eight HDPE caps were
constructed in WAG 6 as an ICM. The caps presently cover over 15%of the surface area
of WAG 6. Solomon et al. (1988) reportedon the hydrologic condition of trenches prior
to placement of the caps (Fig. 3.33). An attempt was made as part of the RFI to evaluate
the current state of trench/groundwater interaction.

To accomplish this, it was assumed that across the site the average trench is 15 ft deep.
Based on this assumption (which is consistent with operational records, which indicate that,
with the exception of the biological waste trenches, most trenches range from 14 to 18 ft
deep) an elevation map was created to show the elevation of the bottom of the trenches in
the vicinity of the capped areas. This map was created by subtracting 15 ft from the
topographic surface (Fig. 3.1). For the biological trenches, a trench depth of 10 ft was
assumed (records indicate trenches in these areas range form 7 to 12 ft deep). The February
1990 potentiometric map (Fig. 3.27), which illustrateshigh seasonal water table conditions,
was then subtracted from the trench bottom map to identify areas where the water table is
intersecting the trenches. Using this method, a number of trench areas were determined to
be inundated during high seasonal water table conditions, whereas others appear to be
unsaturated as a result of interactionwith the water table. Figure 3.34 displays the resulting
hydrologic conditions of trenches in February 1990. Because the high seasonal
potentiometric surface map was used, it is believed this figure represents a worst case
scenario.

From examination of surface topography (ground surface elevations ranging from 810
to 820 ft) and the February 1990 potentiometric map (elevations 785-800 ft), and assuming
ali auger holes are at least 20 ft deep (records support this), it appears the auger holes are
not in contact with the water table.

To determine the degree of groundwater and trench interaction under dry conditions,
the mean maximum water table fluctuation of 6.7 ft was considered. If a trench area is ..
unsaturated during high water table conditions, it should also be unsaturated during the dry
season, when the water table would be on average approximately 6.7 ft lower. Conversely,
a trench area where mapping indicates wet season inundation of greater than 6.7 ft should
remain inundated durin_ the dry season. Trenches where mapping indicates 6.7 ft of
intercept or less should De inundated during the wet season but unsaturated during the dry
season (intermittently inundated). Figure 3.35 depicts these scenarios.

®
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Q Further, trench water elevations measured February 20, 1990, for 59 intratrench wells
were compared to the mapped water table elevation for the same date, as shown on
Fig. 3.27. Bathtubbing trenches are those in which the trench water elevations exceed the
mapped water level elevation at that location. Inundated trenches show trench water
elevations that are equivalent to the mapped water table elevations. Dry trenches are noted
by dry intratrench wells. From examination of Fig. 3.34, some trenches appear to be either
bathtubbing or unsaturated in areas designated as inundated. This is related to depths of
individual trench piezometers and indicates that trench hydrologic conditions shown on
Fig. 3.34 are a reasonable approximation, but actual conditions in individual trenches may
vary from those shown.

Of the 59 trench wells, 21 were dry, 18 were inundated, and 20 displayed bathtubbing.
The individual trench well conditions are also shown on Fig. 3.34. The results suggest that
in the uncapped 49 Trench area, the French Drain has been effective in lowering the water
table to preclude groundwater/trench interactions, but the trenches commonly display
bathtubbing conditions resulting from either storm flow or direct precipitation infiltration.
Apart from two trench wells (T44 and T63) that reflect trench/groundwater interaction, Cap 8
has apparently been effective in preventing infiltration. As shown on Fig. 3.33, trenches in
the Cap 8 area were found to be intermittently bathtubbing prior to cap placement (Davis et
al. 1987). Comparing pre- and post-cap mapping, the construction of Caps 4, 5, and 6 have
apparently had little effect on dewatering trenches or preventing bathtubbing and/or
inundation of the trenches.

O Ashwood and Spalding (1990) have recently summarized the results of monitoring the
' effects of the ICM caps on groundwater levels and trench water levels. In this study,

conducted from 1988 (pre-Cap) through October 1990, water level data were manually and,
in some cases, continuously recorded for 25 shallow groundwater wells or piezometers
outside the trench areas and 45 intratrench piezometers. Their findings support the
previously stated conclusion that the ICM caps have only been effective in preventing
bathtubbing for two cap areas, Caps 2 and 8. lt is believed that in these two areas the caps
significantly reduced the recharge area of the storm flow zone, thereby preventing infiltration
to the bathtubbing trenches. Conversely, in other capped areas (most of which were
constructed on hillslopes) bathtubbing conditions persisted although direct infiltration by
precipitation was precluded by the caps. This indicates that storm flow does occur and
should be addressed in closure alternatives intended to prevent bathtubbing.

Ashwcod and Spalding (1990) also concluded that recharge to the shallow groundwater
was not affected by placement of the caps. Shallow wells monitored still displayed responses
to precipitation that are consistent with the range of pre-cap responses.

_. Ashwood and Spalding (1990) noted that in the Cap 8 area, only two trench wells (T44
and T63) displayed inundated conditions. They found that the lake and trench water
elevations in these two trenches are the same, and that the trench water levels fluctuate
proportionately with changes in lake stage in response to precipitation events (Fig. 3.36).
In these two cases, the trenches are slightly deeper than the average trench depth near WOL,

O and the trench bottoms are below the lake stage level of WOL. Other trenches located closer
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to WOL are typically less than 15 ft deep and would not be impacted by lake stage
fluctuations because the trench bottoms are well above the 100-year flood stage elevation
(754 ft). lt is possible that there may be other deep trenches present in this area. Therefore,
closure alternatives may need to address means of preventing interactions with the
groundwater in these low-lying areas.

3.3.2.3 Aquifer Geochemistry

Groundwater geochemistry data acquired either as part of the WAG 6 RFI or prior
research indicates the groundwater at WAG 6 is stratified. Groundwaterage-dating studies
provide supportof the geochemical stratification observed.

The combination of geochemical stratification and groundwater age dating results
indicates there is little or no circulation or mixing between the shallow, active flow
component and deeper, more stagnant groundwater zones. From these results, it is believed
that active groundwater flow at WAG 6 is limited to the upper 150 to 170 ft of the aquifer.

Aquifer stratification. During the RFI, groundwater analytical data for samples from
86 WAG 6 wells or piezometers were evaluated to assess the aquifer geochemistry. Existing
groundwater data from 40 piezometers were integrated with data from 46 groundwater
samples collected and analyzed as part of the RFI. Samples were collected from ali of the
ORNL RCRA well pairs, the well 840/1234/1249 cluster, and the ETF-13/14/15 piezometer
cluster, as well as ali Other WAG 6 RFI monitoring wells and selected ORNL interior site
characterization monitoring wells. Table 3.8 summarizes the data sources for existing
WAG 6 groundwater geochemical data used. Figure 3.37 shows the locations of ali 86
wells.

Groundwater geochemical data were plotted on a trilinear diagram (Piper plot) and are
presented as Fig. 3.38. Further, plots of pH versus depth, specific conductance versus
depth, and pH versus specific conductance were prepared and are presented as Figs. 3.39,
3.40, and 3B.41, respectively. There are apparent increases in pH and specific conductance
with depth in the aquifer that appear directly related m the aquifer geochemistry. Specific
conductance and pH form a linear relationship, both increasing with depth. Dreier and Torah
(1989) noted 1 to 2 orders of magnitude higher specific conductances for the deep HHMS
A wells versus the shallower B and C wells. The increase in specific conductance with depth
observed suggests a more highly mineralized groundwater at depth, which is usually related
to higher residence time in the bedrock and/or longer flow path lengths.

w

Fieht measured pH was found to range up to 12.5, but a pH greater than 11 must
considered suspect. Dreier and Toran (1989) suggest that the elevated pH (i.e., above 9) are
related to grout contamination. While this may be the case in the two HHMS wells who _.
pH -- 12.5, elevated pH values above 10 were observed in other than HHMS wells and
other locations within Melton and Bear Creek Valleys. lt is unlikely that ali of these we l;
are contaminated with grout, lt is believed that with the exception of wells HHMS-5A and
6A and ETF-13, wells with pH of 9-11 are not grout contaminated, but reflect a natural l_
evolution of groundwater. Details are provided in TM-06-09A, Groundwater Sampling
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Phase 1, Activity 2. Further, the elevated sodium and chloride concentrations observed in
the two deep HHMS-series wells are far in excess of levels representative of grout, and are
equivalent to concentrations reported for deep (i.e., >600 ft deep) saline groundwater
encountered in the hydrofracture rock cover wells elsewhere in Melton Valley.

As Fig. 3.38 shows, the aquifer appears to be stratified into three distinct zones: a
shallow, neutral to acidic, calcium-bicarbonate type water; an intermediate zone of alkaline
(pH > 8.5) sodium-carbonate or bicarbonate water; and a deep zone of alkaline to neutral,
sodium-chloride type water. The sodium-chloride chemistries are interpreted as representing
the upper extent of the deep saline groundwater component observed by Ha,aseet al. (1987)
and Switek et ai. (1987) in deep hydrofraeture wells in Melton Valley. Further,
concentrations of lithium, bromide, and fluoride are comparable to deep saline water
chemistries.

Eighty-six percent of the wells studied are shallow and displayed the calcium-
bicarbonate chemistries. As seen from Fig. 3.38, some of the calcium-bicarbonate type
waters'show elevated percentages of magnesium. This is likely due to a localized increase
in dolomite in the vicinity of these wells. The only two outliers to the observed stratification
are wells HHMS-5C _d RFI well 1244 (data points 49 and 17 on Fig. 3.38, respectively).
Well 1244 is located along the eastern drainage, screened below the water table in an area
where depth to bedrock is very shallow (exposed in the stream bed), and potentiometric data
indicate artesian conditions prevail at this location.

O Groundwater from Well 1244 plots midway between the shallow calcium-bicarbonate
and intermediate sodium-carbonate/bicarbonate chemistries, lt is unclear whether the
resulting geochemistry is indicative of either upward flow from depth (which is consistent
with the both the recharge-discharge relationships discussed earlier and the artesian conditions
observed) or mixing of shallow groundwater with potentially contaminated surface water.
Similarly, groundwater from well HHMS-5C, the shallow well of this cluster (screened
interval is from 42 to 62 ft), consistently plots outside the remainder of the data in ali three
fields of the trilinear diagram. As shown on Table 3.7, upward vertical gradients are
prevalent between the intermediate and shallow wells at this cluster. This suggests there is
some mixing of intermediate and shallower groundwater at this location, due to either the
indicatJ'.xiupwm'd flow component; alternatively, it may be an artifact of well installation or
relate6 to interaction with WOL surface water.

By comparing the different water chemistries to screened interval (as shown in
Fig. 3.42 and summarized in Table 3.9), the transition between the shallow calcium- ."
bicarbonate type water and the intermediate sodium-carbonate/bicarbonate water is seen to
occur in WAG 6 at an elevation of approximately 665 ft. This transition can also be
identified in borehole geophysical logs for several of the deep RFI wells for which high
quality fluid resistivity borehole geophysical logs are available (TM-06-13A, Borehole
Geophysical Logging). The transition between the intermediate zone and the underlying
sodium-chloride type waters is observed only in the vicinity of WOL in wells HHMS-6A and
-5A, and appears to occur at an elevation of 385 ft. The stratification observed is consistent

Q findings Bradley (1988) groundwater elsewhere in Melton
with the of Webster and for
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Valley. Geraghty and Miller (1990) and Ha,ase and King (1988) observed similar
stratification of groundwater in the Conasauga Group bedrock aquifer in Bear Creek Valley,
although the transition depths between zones varied. These transitions are noted on ali
WAG 6 RFI hydrogeologic cross sections (Figs. 3.9 through 3.19).

Depth to these transitions varies across the site owing to topographic relief and it is
unlikely that the transitions are totally planar features. They probably fluctuate somewhat
across the site perhaps mimicking the structural configuration of Melton Valley. The
transitions are significant in that they appear to be distinct, indicating little or no circulation
or mixing of waters between zones (except perhaps in the two wells previously noted).
Further, as can be seen in Figs. 3.9 through 3.19, the aquifer stratifications observed transect
both structural and stratigraphic features. Groundwater geochemical zones are consistent
across mapl>ed thrust faults and the three distinct Conasauga Group formations underlying
WAG 6.

Tritium is ubiquitous in the shallow groundwater at WAG 6 and within Melton Valley
in general (Poreda, Cerling, and Solomon 1988). Therefore, tritium can be used as both a
tracer for contaminant migration and for age dating because it moves at the same ra_e.as
groundwater. Dreier' and Toran (1989) reported tritium concentrations near or below
detection limits in the WAG 6 HHMS intermediate and d_ep wells. Tritium was not de'ecled
in the four deep RFI monitoring wells. Conversely, in the shallow flow system near w,_te
disposal trenches, tritium has been reported in groundwater at levels ranging up to _th
10,000,000 pCi/L. Tritium was reported at 1243 pCi/L in well HHMS-4C, the shallow well lpr
of the cluster (which displayed calcium-bicarbonate chemistry indicative of the active flow

' system), but was not detected in the deeper wells in this cluster in spite of the downward
vertical gradients indicated by potentiometric data. The overall lack of deep groundwater
contamination by tritium further suggests that little or no circulation (or miXing) occurs
between the different geochemical zones, and active flow is restricted to the uppermost parts
of the aquifer.

Heavy isotope studies and age dating. Di'eier and Toran (1989) analyzed samples
from WAG 6 wells HHMS-SA, -5B, -5C, -6A, -6]3, and -6C for deuterium and oxygen-18
isotopes to fingerprint the aquifer flow components. 3 Generally, oxygen-18 and deuterium

_l'ne hydrogen and oxygen isotope values in groundwaterare in general determined : ":_the .'
environment in which the groundwaterrecharged (entered the aquifer). Specifically, temperature,
latitude, and elevationinfluencethe isotopevalues. Thus, if these conditionsare differentfor separate
flow systems, the hydrogen and oxygen isotopes will fingerprint water from each system. The
isotopes _tudied are deuterium (SHor D) and t'O, which have additional neutrons making them
heavier than the more commonisotopes, _Hand t_O. Becausethe heavy isotopesoccur in very small
quantities, the (5notation is used to _eportisotope ratios:

(5- (Rsample/Rstandard"_)× 1000°/oo

IIpiql pH, ..... iI,_r I'lI ql_'l'l'llIII .... IIr' il'l#rl" ,til , '17 ,11 I ...... ,,, ...... rill _.... ii, ' _H,I ....... ,_,r, '11.... _n ,,I, [iii ,'l[l'lr,,n " I, III','1
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O ratios decreased with depth indicating the groundwater is heavier at depth (the more negative
values indicate lighter water and less negative values indicate heavier waters). The deep A
wells, which displayed sodium-chloride type chemistries, display subtle differences in isotopic
signatures when compared with the sodium-carbonate/bicarbonate type waters of the B and
C wells. This suggests relatively stagnant, older waters. The deep wells showed deuterium
ratios ranging from -23 to -27 o/oo (per rail; analogous to percent) and oxygen-18 ranging
from -2.6 to -4.1 o/oo. Conversely, the B and C wells, which have sodium-carbonate
geochemical signatures, showed deuterium ranging from -34.5 to -35 o/oo and oxygen-18
ranging from -5.5 to -6.1 o/oo. HHMS-5C, which displayed a geochemical signature
indicative of mixing of intermediate and shallow water chemistries, and which has been
shown to have upward vertical gradients, displayed deuterium results comparable to the other
B and C well results but had the lowest oxygen-18 ratios (-6.1 o/oo).

The oxygen-18 and deuterium results further indicate that there is stratification between
the intermediate and deeper water chemistries and suggest a subtle difference between the
intermediate zone and shallow, active flow zone chemistry (although the shallowest well
analyzed monitors an apparent mixing zone). However, no samples were analyzed from
waters displaying calcium-bicarbonate chemistries indicative of the active flow component.

s

Tritium, with a half-life of 12.3 years, decays radioactively to helium, an inert gas.
Consequently, the measurement of relative ratios of helium and tritium can be used to date
groundwater. Poreda, Ceding, and Solomon (1988) sampled 13 WAG 6 wells (108, 109,

O 345,347, 370, 371,373, 374, 381,382, 383,386, and 388) in July and September 1986,and analyzed samples for tritium and helium to date the shallow (less than 126 ft deep)
groundwater at WAG 6. Poreda, Ceding, and Solomon (1988) found that ali groundwater
samples analyzed ranged from 0.1 to 6.0 years in age, indicative of the very short residence
times in the aquifer as well as the short flow path lengths. Since residence time is a function
of depth and hydraulic gradient, WAG 6 groundwater was found to be younger in areas with
higher hydraulic gradients and shallow depths and older (i.e., at the high end of the age
range reported) in areas of low gradient and greater depths. Poreda, Ceding, and Solomon
(1988) reported several wells that did not fit this trend but suggest that the lower residence
times indicated by age dating results reflected localized zones of preferential flow.

Additional age dating of WAG 6 groundwater was performed by Solomon (1988) using
tritium, helium and krypton-35 techniques. Samples from RAP piezometer 741 in the
southwest comer of WAG 6 indicate the groundwater in that well is approximately 1.5 years
old. This finding agrees with the results of the Poreda, Cerling, and Solomon (1988) study
and further confirms the short residence times in the shallow, active flow component of the
aquifer at WAG 6. Conversely, carbon-14/carbon-13 age dating (Toran et al. 1991) of

where R is the ratio of theheavy isotope to the light isotope. 'I'ne sampleis reported as a ratio to
standardmean ocean water (SMOW) for D and laO). This ratio has 1 subtractedfrom it to makethe

O standard value 0, andit is multipliedby 1000 to make the number larger and use units of per rail(°/oo, analogousto percent).
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deeper groundwater indicates groundwater at depth is very old (on the order of 10,000 to
40,000 years old), indicative of extremely long residence time and little movement.

3.3.2.4 Aquifer hydraulic properties
'L'

As previously noted, considerable site characterization research has b_n conducted at
WAG 6, much of which has contributed information regarding site aquifer hydraulic
properties. Other studies within similar geologic settings in Melton and Be_ Cre_k valleys
have provided further information. Within WAG 6, a total of 109 individualwell slug tests,
four tracer tests, and one pump test have been performed. Because of the extent of available
information, aquifer testing was not conducted as partof the RFI. Rather, the existing data
have b_n incorporated to form the basis of understanding of site hydraulic properties.
Because of the nature of the geologic materials comprising the aquifer skeleton, aquifer
properties vary between the regolith (soil and/or saprolite) and bedrock, and with depth.
This section summaries pertinent information regarding aquifer hydraulic properties.
Table 3.10 summarizes the aquifer hydraulic properties reported from available sources.
Slug test hydraulic conductivities are tabulated in Appendix 3A.

i

Soil hydraulic 'properties. As noted in Sect, 3.3,2,2.3, in uncapped areas,
precipitation tends to infiltrate into trenches either directly or via storm flow, creating
"bathtubbing" conditions. Thelefore, the infiltrationrates of site soils are of significance in
efforts to model the unsaturatedzone. For purposes of comparison, infiltration rates and
hydraulic conductivities are both presented in units of cm/sec.

Soil infiltration data have been collected at several locations within the ORR and

Melton Valley. Moore (1988) reports that soil infiltration rates for the ORR range from
1.0 x lfr 2 to 2.3 x 10.3cm/sec (14.3 to 3.3 in./h). Site-specific infiltration data for WAG 6
has been acquired by Davis et al. (1984) in the ETF area, and by Clapp (1990) for three
482-ft2 test plots within SWSA 6. Their results, which showed infiltration rates lower than
suggested by Moore, ranged from 1.8 x 10.3cre/see (Clapp 1990) to 5.6 x 10.6cm/sec (Davis
et al. 1984) cm/sec(2.6 to 0.008 in./hr, respectively). Their site-specificdataare within

-_ ranges reported by Luxmoore, Spalding, and Munro (1981) and Rothschild ct al. (1984a) for

j undisturbed soils in similar geologic conditions at SWSA 5 and SWSA 7, respectiveily. Thethree orders-of-magnitude range is not unexpected, as soils vary widely as a result of both
natural (such as degree of weathering, slope position, and vegetation) and demographic

i factors (such as soil removal° trenching, etc.). Soil macropores and mesopores together total

i only 0.2 % of the soil volume but account for 96% of the infiltration (Watson and Luxmoore
1986).

l Ammons et al, (1987) determined that the total porosity of WAG 6 soils ranges from42 to 49%, which is within the 30% to 60% range reported by Davis et al. (1984) for

undisturbed A and B-Horizon soils in the ETF area. Both ranges reported are typical of
clayey and silty clay soils. Davis et al. (1984) report a mean total porosity of 50% (0.5) for
ETl::area soils. They further suggest that in the 0 to 8-in. shallow soil interval, soil effective
porosity is roughly equivalent to total porosity (i.e., effective porosity = 0.5), bt_tfor deeper
softs, the effective porosity probably approaches 0.05 or less. The RCRA RFI Guidance
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O (EPA 1989d) suggests effective porosities of 0.01 to 0.15 (depending on degree of secondary
porosity) could be expected for clayey and silty clay soils typical of WAG 6.

Saprolite hydraulic properties. Because groundwater occurs in the saprolite over
much of WAG 6, aquifer properties including hydraulic conductivity and effective porosity,
are important factors in assessing the rate of groundwater movement through the saprolite
in the saturated zone. Physical properties of saprolite are also significant as the majority of
waste disposal trenches terminate in saprolite in the unsaturated zone. Values for these
properties for WAG 6 have been determined from slug test data and from several aquifer

II tests that have been conducted at WAG 6 within the saprolite portion of the regolith.

Of the 109 slug tests performed in WAG 6, 25 were conducted in the saturated
saprolite. These tests determined that hydraulic eonduetivities range from 3.7 x 10.3 to 9.6 x
10"+em/sec (10.5 to 0.027 ft/day), with a geometric mean hydraulic conductivity of 2.0 x
10"4 em/sec (0.6 ft/day). Table 3.11 summarizes the distribution of WAG 6 regolith
hydraulic conductivity data from slug tests. Using the geometric mean hydraulic conductivity
and mapped saturated thickness of the regolith from Fig. 3.31, the transmissivity of the
regolith ranges from 0 (where unsaturated) to 0.21 cm2/sec (19.5 ft2/day).

+

The majority of the regolith slug tests were performed in saprolite derived from the
underlying Nolichucky bedrock. From Table 3.11 it can be seen that the saprolite formed
from Nolichucky bedrock has a geometric mean hydraulic conductivity that is ten times that

O observed for saprolite derived from Maryville bedrock. This may be related to the natureof the host rock, in that the Maryville is more carbonate-rich and tends to weather to a clayey
saprolite whereas the Nolichucky saprolite is more silty in nature.

Figure 3.43 shows the distribution of hydraulic conductivity across WAG 6 by
hydrogeologic unit. There is little difference between WAG 6 soil infiltration rates and
hydraulic conductivities for the underlying saprolite.

From a tracer test conducted in 197b in the vicinity of the biological trenches near the
southern boundary of WAG 6_ Tamura et al. (1980) observed that initial and maximum tracer
breakthrough occurred in an observation well downgradient to the injection weil. Using
tracer breakthrough time and known distance between the wells, an average linear velocity
of 0.4 to 0.6 m/day and an effective porosity of 2 % to 3% was calculated for the saprolite
at this location. These values are consistent with the range reported in Webster and Bradley
(1988).

Additional constant head tracer tests were performed in unsaturated saprolite at two test
sites near the southwest end of the 49 Trench area (Dreier et al. 1987) adjacent to previously
mapped exploratory trenches. Aquifer properties were not determined, but the tracer results
showed strong asymmetric distribution in a preferred direction perpendicular to hydraulic
gradient. The orientation of the tracer plume was found to be influenced by the intersection
of mapped bedding plane fractures and extensional fractures, but did not approximate the
vector sum of the bedding plane fracture orientations as expected. This suggests that flow

O in the regolith by a secondary permeability, features and
is controlled combination of

' 11 'e II ..... I_.... _ ' _rPl l l _rl rlr'll 'IIIllrlll'' lllll,l ' '"' .....
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hydraulic gradient. These tost sites were revisited later in 1987, and new tests were
performed using improved techniques in somewhat deeper pits. Results indicated faster
tracer travel times, with the highest tracer concentrations observed in strike-parallel
observation wells. However, subsequent excavation of the test site to identify the structural
fabric affecting the results revealed a tree root that had grown along and enlarged a relict
fracture in the saprolite. This indicates the difficulties involved in confidontly predicting
groundwater flow paths in the regolith on a local scale. From a larger perspective, however,
groundwater flow can be expected to be primarily gradient dominated with secondary control
exerted by structuralfabric.

Bedrock hydraulic properties. There is virtually no primary matrix porosity in
bedrock of' the ConasaugaGroup; therefore, groundwaterflow within bedrock is principally
along secondary perv_eability features such as fracturesand solution cavities. Consequently,
aquifer properties determined from _quifer testing primarily describe the fracture network.

Sixty-eight slug tests performed in bedrock at WAG 6 revealed a consistent trend of
decreasing hydraulic conductivity with depth, a trend unrelated to stratigraphy (Fig. 3.44).
WAG 6 bedrock hydraulic conductivities are summarized in Table 3.12 and are presented
on Fig. 3.43, and are also included on the WAG 6 hydrogeologic cross sections (Figs. 3.11
through 3.15). The slug test results show that hydraulic conductivity for the bedrock as a
whole at WAG 6 ranges from 1.8 x 103 to 1.9 x 10.9 cm/sec (5.1 to 5.4 x 10.6 ft/day), with

a geometric mean of 3.1 x 10.5 cm/sec (0.09 ft/day). /

Little difference can be seen between geometric mean hydraulic conductivities for
' Nolichucky and Maryville bedrock although Maryville bedrock, appears to exhibit a wider

range of values. As Figs. 3.41 and 3.42 show, hydraulic conductivities vary several orders
of magnitude at any given depth as well as laterally. Both formations display a decrease in
hydraulic conductivity with depth. This decrease is related to the depth of active circulation
of groundwater and the density of open fractures which are limited to depths less than 150
feet (Dreier and Foreman 1990). Consequently, active groundwater flow is limited to depths
less than 150 ft; groundwater flow is increasinglyprecluded with de:r"h.

Both a tracer test and a pump test have been performed in the shallow Maryville
bedrock at the ETF site. The results for both showed nonradial responses with both tracer
and drawdown patterns that approximate the trend of fractures associated with two minor
folds. Results of the tracer test showed initial tracer breakthrough as well as tmak
concentrations in a direction along strike. However, although the highest tracer concentration
was detected along strike from the injection weil, it was not detected in the nearest along-
strike well (Vaughan et al. 1982). lt was found that tracer patterns were controlled by a
combination of matrix porosity and, principally, by strike-parallel fractures associated with
two sharp anticlinal structures trending approximately along formation strike. This sug_.ests
that primary flow in groundwater at WAG 6 is along fractures, but bulk transport via
intergranular flow is also a factor. Fractures are important maddominate quick movement,
but volumetrically, fractures may be less significant than the surrounding rock matrix.

Q
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O Similar patterns of drawdown were observed in observation wells during a pump test
in the same ETF area. Smith and Vaughan (1985a,b) analyzed the pump test data using
nonradial solutions and calculated a geometric mean transmissivity of 0,16 cm2/sec
(14.8 ft2/day) for the Maryville Limestone at this location. Using the (nonradial)geometric
mean transmissivity of Smith and Vaughan (I985a, 1985b) and the geometric mean hydraulic
conductivity reported by Davis et al. (1984) for the ETF area (6.31 x 104 cm/sec or
0.18 ft/day), the aquifer appears to be on the order of 82 ft thick, This thickness is
consistent with the depth of active groundwater flow indicated from the geochemical results.
Assuming an aquifer thickness of 100 to 150 ft for the active flow component of the aquifer
and the _*ometric mean hydraulic conductivity for WAG 6 bedrock reported earlier
(3.1 x 10 cm/sec) transmissivity of the bedrock ranges from 0.09 to 0.14 cm2/sec (9 to 13.5
ft2/d).

Storativity4forthebedrockislow,rangingfrom0.01to0.001,withageometricmean
storativityof0.005. Anisotropyhasbeenreportedtorangefrom3:1to23:1(Kx:Ky)
elsewhereinMeltonValley.IntheETF areapump test,Smithand Vaughan(1985a,b)
reported5:I anisotropy.

Combining the results of the slug tests, pump tests, and tracer tests at the ETF site,
Davis et al. (1984) calculated an effective porosity of 0.03 for the shallow Maryville bedrock
at this location. Although this effective porosity is higher than default values suggested in
the RFI Guidance (EPA 1989d) for fractured carbonate rocks (0.001) and assumed ranges

O of 0.0001 to 0.007 presented in various reports (Moore 1988; Vaughan ct. al. 1982; Sledzand Huff 1981), this effective porosity was empirically derived using actual WAG 6 aquifer
testing data. Therefore, it is believed this value is representative.

No pump tests were performed in the Nolichucky bedrock within WAG 6. However,
Smith and Vaughan (1985a, 1985b) and Law Engineering, Inc. (1983) have reported on
aquifer tests performed in similar bedrock in areas of Bear Creek Valley. The separate
studies found comparable results in terms of response to pumping and parameter values.

The transmissivities, storativities, and effective porosities reported indicate a low-yield
(successful pump tests in the Maryville Limestone bedrock at the ETF area required pumping
at a rate of less than 0.9 gpm; higher rates dewatered the aquifer) aquifer with limited storage
capacity principally related to fractures. Although the Conasauga Group bedrock aquifer
does supply a few area domestic wells, the hydraulic conductivity of the aquifer is generally
too low to encourage extensive use as a water-supply aquifer.

#

Overall, the nonradial responses to pumping, somewhat unpredictable tracer responses,
and low aquifer yield (based upon pump test rates) reflect the complexity of the aquifer
system and suggest that pump and treat remedial strategies likely would not be feasible.

4The volume of water an aquifer releases from or lakes into storage per unit surface area of the aquifer per

O unit change in hydraulic head. In unconfined aquifers such as occurs at WAG 6, storativity and is equal to thespecific yield.



3.3.2.5 Groundwater flow

The portion of precipitation that is not accounted for by surface runoff or
evapotranspiration infiltrates into the subsurface and follows complex p:,thwa3s in both the
unsaturated and saturated zones, as described below. Figure 3.45 illustrates combined
unsaturated and saturated flow paths at WAG 6.

Unsaturated zone flow. Except in areas of SWSA 6 where wastes are in direct
contact with the water table, a portion of the contaminant travel pathway occurs in the
unsaturated zone. Due to the "bathtubbing"effect discussed earlier, contaminated fluids
exiting waste disposal trenches or auger holes are generally under positive pressure. Thus
*.',_downward hydraulic _radients will cause much of the existing contaminatedwater to be
delivered to the water table, although some of the water would move down inclined surfaces
(such as I>,.'_llng planes) to discharge to streams or swales, or as seeps. In intersecting the
water table, flow in trenches or along a series of trenches may vary from flow in the
intervening area between trenches as water particles would move along the trench and exit
at any point of lower head along the trench bottom ar._/or sidewalls (Webster a,_,dBradley
1988). Once exiting th_ trench, contaminated fluids flow through the un,,a',uratedzone
following discrete but i_stablishedfeatures such as fractures, relict bedding planes, and soil
fragipan horizons (Ammons et al. 1987). Unsaturated flow is generally transient and
therefore slower than flow under saturatedconditions. This allows for more contact between

fluids and geologic materials, and contaminantretardation(i.e., related to sorption processes)
is increased (Ammons et al. 1987). IW

' Where prevalent at WAG 6, flow along the storm flow zone would follow surface
topography. Storm flow paths are consequently short, on _le order of 160 to 330 ft from
points of infiltration to discharge at streams or seeps (Moore 1988). Also, because storm
flow is transient, perched water in the storm flow zone will infiltrate downward in the
unsaturated zone ali along the storm flow path during and after precipitation events.

Saturated zone flow. Although the groundwater at WAG 6 is a continuum from the
regolith to depth in bedrock, groundwater flow is complex, as the geologic materials
comprising the saturated zone (i.e., regolith and bedrock) are distinctly different.

Groundwater flow in the regolith occurs through porosity (resulting from weathering)
and along fractures and relict bedrock structures, which may be either locally enhanced by
solution enlargement or occluded due to clay plagging or precipitation of iron and manganese
oxides. Groundwater flow in the regolith is h_rgely gradient dominated, particularly in the ."
upper more weathered portion of the regolith, _,here the degree of weathering is greater and
the regolith behaves more like an isotropic me_'ia. Anisotropy increases with depth in the
regolith as the degree of weathering decreases aria the significance of relict bedrock structural
fabric becomes more prevalent. Nonetheless, Webster and Bra_iey (1938) suggest that
anisotropy in the regolith is probably not great enough to impair flow rate and directions on
a larger scale using hydraulic gradients derived from potentiometric mapping. .._

qP
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O Conversely, due to the lack of primary matrix porosity, groundwater flow in the
unweathered bedrock is principally along secondary l_rmeability fea)ures such as fractures,
solution cavities, and possibly, faults. Bedrock flow paths are associated principally with
strike-parallel and bedding plane fractures (trending generally east-west across the site) or
with the intersection of bedding plane fractures with other conjugate fracture sets. As
explained in Section 3.2, up to five distinct fracture sets have been identified in WAG 6
bedrock.

Whereas flow in the regolith is generally controlled by the hydraulic gradient and
follows topography, groundwater flow in bedrock is strike-parallel and along bedding, except
where crossing secondary fractures with different orientations and lower heads, The result
is a tortuous, stair-stepping flow path in three dimensions that may vary with depth (Webster
and Bradley 1988).

Depending on the local orientation of fractures and the hydraulic gradient, bedrock
groundwater flow may occur directly between two points. However, features that control
flow in the bedrock (folds, faults, fractures) are so variable laterally that flow prediction
between two points cannot be determined precisely.

Small-scale folds, such as those identified in the ETF area at WAG 6, have been shown
to effect significant control on flow direction and rate, generally owing to the increased
hydraulic conductivity associated with these features. Depending on orientation, other such

O features present but not identified at WAG 6 may serve as either conduits or impedimentsto strike-parallel flow (Boegly et al. 1985).

Groundwater flow at WAG 6 is local rather than regional and appears to occur
predominantly in the shallow subsurface, where groundwater flow follows short flow paths
from points of recharge to points of discharge, ali within WAG 6. Groundwater discharges
to nearby intermittent streams, which ultimately discharge to WOL (Webster and Bradley
1988; Lomenick mid Wyrick 1965). However, along the southern boundary of WAG 6,
surface and groundwater flow is directly to the lake (Boegly et al. 1985). Moore (1988)
suggests the shallow flow system has flow paths on the order of 1300 ft long, while Webster
and Bradley (1988) report the maximum flow path length in the deeper aquifer is 3300 ft
long.

Three conceptual groundwater flow diagrams were constructed across WAG 6 using
potentiometric data for February 1990 (Figs. 3.46, 3.47, and 3.48). Two of the flow
diagrams are oriented north-south across the site while the third is oriented east-west across "
WAG 6. The two north-south flow diagrams, A-A' and C-C', show discharge to WOL and
shallow flow from points of recharge in WAG 6. Conceptual flow diagram C-C' includes
three deep HHMS-series wells (HHMS-4A, -5A, and -SA), which have not yet reached
equilibrium following their installation. Consequently, flow at depth in the vicinity of these
wells cannot be determined using potentiometric data for these wells. The east-west flow
diagram, F-F', demonstrates that within WAG 6 flow is local, with discharge to drainages
within or adjacent to WAG 6. USGS modeling results further support the conclusion that

O is towards the streams 1984). The flowgroundwater flow intervening (Tutti conceptual

i|
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' diagrams illustrate the recharge/discharge relationships observed in individualwell pairs or

clusters across WAG 6.

Pressure tests conducted in the Conasauga Group in Melton Valley indicate that
secondary openings in bedrock are limited to the upper 100 ft of bedrock, restricting active
flow to this interval (Webster, 1976; Lomenick and Wyrick, 1965). Further, USGS
modeling efforts to date (Tucci 1991; Zehner and Tucci 1991) suggest 90% to 98% of ali
groundwater flow at WAG 6 occurs in the upper 50 to 100 ft of the aquifer, with virtually
no flow occurring below 250 ft. From site characterization data presented in this report, a
preponderance of evidence exists to indicate that active groundwater flow is limited to the
upper 150 ft of the aquifer.

* Geochemical data indicat_the aquifer at WAG 6 is distinctly stratified, suggesting little
or no circulation occurs between zones. These data indicate the shallow active flow

system is limited to the upper 150-170 ft of the aquifer.
• Groundwater age dating results show that shallow groundwater is young, on the order

of 0.1 to 6.0 years, which indicates short residence times and short flow paths. Within
the range given, the age increased with depth. This suggests that most active
groundwater cirdulationoccurs at shallow depths.

• Heavy isotope data suggest that deeper groundwater is older and relatively stagnant.
• Hydraulic conductivitie decrease dramaticallywith depth such that active circulation

at depth is improbable.
• Hydrographs suggest that only shallow wells show demonstrable response to

precipitation.
• Tritium analytical results for wells at WAG 6 show a lack of tritium contamination

below a depth of 100 ft, further supporting a lack of active circulation at depth.

Some vertical flow component is possible, as indicated by the vertical gradients
discussed previously. However, topographic relief at WAG 6 is great enough to induce
virtually ali Of WAG 6 recharge to remain in the shallow, local flow system. Therefore, if

| deep flow does occur within WAG 6, it probably involves only a very small fraction of

| WAG 6 groundwater (Boegly et al. 1985).

.I As shown in Fig. 3.31 during the wet season the water table occurs in the regolith

over most of the southern half of WAG 6, and below the regolith/bedrock interface in theshallow bedrock in much of the northern half of the site. During the dry season, the area
| of regolith saturation decreases and groundwater flow through bedrock is more significant.
i Likewise, hydraulic gradients decrease during periods of seasonal low water table conditions. :

Therefore, groundwater flow rates calculated from seasonal high water table potentiometric
data represent maximum expected flow rates and provide a conservative estimate of

' groundwater discharge from WAG 6. Groundwater flow velocities during low water table
conditions would be somewha, s.

Flow directions an:l rates saturated regolith and upper bedrock to a depth of 100 ft

are the product of hyd:aulic gradient and the orientation, density, and interconnection of
fractures. While it is accepted that strike-parallel flow dominates, it can be assumed that,
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O to a depth of 65 ft in bedrock, flow is in the direction of hydraulic gradient, as detem_ined
from a water table potentiometric map (ORNL 1990).

To provide an estimate of groundwater flow rates in both saturated regolith and
bedrock in various areas of WAG 6, average linear groundwater velocities (or seepage
velocities) were calculated along 20 major and s_condary flowlines labeled A through J, as
shown on Fig. 3.49. Average linear velocity was determined by:

Velocity = (hydraulic conductivi_ x hydraulic gradien0
effective porosity

An effective porosity of 0.03 was used for both regolith and bedrock as equivalent
values were obtained from aquifer testing conducted in the regolith and bedrock within
WAG 6, Geometric mean hydraulic conductivities for regolith or bedrock were determined
by usir.g )he appropriatehydraulic conductivitiesalong or near each flowline from Fig, 3.49.
The hydraulic gradient was determined from the February 1990 potentiometric map
(Fig. 3.25). In areas where mapping indicates flow is solely in the shallow bedrock, only
bedrock velocities are calculated. Conversely, in areas where mapping indicates saturated
regolith conditions exist, flow rates were determined for both hydrologic units. The resulting
average linear velocities are summarized on Table 3.13.

As shown on Table 3.13, groundwater flow rates in the regolith range from

O 0.10 m/day (flowline Bl) to 2.28 m/day (flowline C2). The overall geometric mean linearvelocity for the regolith is 0.33 m/day (395 ft/year). This value compares well with the
average mid-season flow rate of 0.25 m/day (Webster and Bradley 1988) and the WAG 6
tracer test flow rate of 0.40 to 0.60 m/day (T,amuraet al. 1980). The tracer test was
conducted in the area of flowline Ix, where the average linear velocity was determined to be
0.31 m/day.

Average linear velocities calculated for the shallow bedrock ranged from 0.04 m/day
(flowline F) to 0.49 m/day (flowline J2). The overall geometric mean linear velocity for the
shallow bedrock is 0.15 m/day (180 ft/year). This value compares well with the 0.11]m/day
flow rate from the tracer test performed in the ETF area (Davis et al. 1986).

As shown on Table 3.13, flow velocities in the regolith are approximately twice those
in the bedrock, owing to the order of magnitude difference in hydraulic conductivities
between the two hydrologic units. However, flow in the bedrock actually may be
considerably faster or slower than the velocities shown, because flow in bedrock tbllows .'
tortuous paths, and rates between two points are not directly proportional to the heads
measured at any two points (Moore 1988). In areas where hydraulic gradient direction is
parallel to strike, flow rates may be significantly faster than areas where tile hydraulic
gradient is normal to strike, because in the latter case flow paths would be longer and more
tortuous.

Groundwater flow in deeper portions of the aquifer in WAG 6 is estimated to be

O towards the south or southeast based upon mapping using WAG 6 deep well potentiometric

!
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data(Fig,3,50).As explainedearlier,flowratesthroughdeeperbedrockintheactivezone
ofcirculationwouldbeslowerbecauseoflongerflowpaths,lowerhydraulicgradients,and
increasingconfinementwithdepth.

3,3.3SUMMARY OF FINDINGS REGARDING GROUNDWATER HYDROLOGY

Key findings and conclusions regarding the groundwater hydrology at WAG 6 are
) presented below.
I

* Groundwater Occurrence and Flow

- In the saturated zone, groundwater occurs under water table conditions in the regolith
and/or shallow bedrock. No major aquitardsor confining layers are present, so that
groundwater is a continuum from the water table to depth in bedrock.

- Perched water occurs in the unsaturatedzone at WAG 6 but appears to be of limited
extent and significance.

- Transient storm flow occurs in the unsaturated zone at WAG 6. However, the storm
- flow zone is highly variable and likely discontinuous due to considerable removal or

reworking of surfic_al soils, the lack of vegetative cover, ICM capping over
approximately 15% of the site, and other physical features resulting from waste /

[ disposal activities. Therefore, storm flow paths are likely discrete and short from point|

i of infiltration to discharge along streams or seeps within WAG 6.- Considerable uncertainty exists with respect to the impact of the storm flow zone on
| WAG 6 hydrology, and it is neither feasible nor practical to characterize storm flow
•_ in detail on a site-wide basis. However, storm flow can serve as a transport
| mechanism for contamination, and consequently remedial alternatives must address
-g uncertainties associated with subsurface storm flow.

i,
,, - The water table configuration mimics topography, indicatinggroundwater flow towards

WAG 6 surface water features and in overall direction towards WOL.
an southerly

iii

- The water table occurs below the top of unweathered bedrock over much of the
northern half of WAG 6 for ali or most of the year. Groundwater flow in these areas
is solely through fractured bedrock. Conversely, the water table occurs in the regolith
in the southern half of the site, such that shallow groundwater flow occurs both in the '"
saturated regolith and uppermost fractured bedrock.

- The water table adjacent to WOL fluctuates proportional to lake stage fluctuations.
Disposal trenches greater than 15 ft deep adjacent to WOL are inundated, and water
levels in these trenches also fluctuate with lake levels. Shallower trenches are

apparently unaffected. O
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O - Groundwater flow diagrams (analogous to flownets) indicate groundwater flow is local
rather than regional. Groundwater follows short flow paths within WAG 6, flowing
from higher elevation points of recharge to discharge along intervening surface water
drainages.

- Hydraulic conductivity in the regolith or bedrock varies by several orders of magnitude
laterally and at any given depth, but shows a marked decrease with depth. The

decrease in hydraulic conductivity is related to the decreasing density of open fractures
with depth.

- Aquifer testing results indicate the bedrock aquifer is a low yield aquifer (less than 1
gpm), with limited storage capacity principally related to fractures; well yields are
generally too low to encourage use as a potable water supply.

- Aquifer testing (pump and tracer tests) in bedrock showed considerable nonradial,
maisotropic response, which illustrates the difficulty in predicting groundwater flow
between twO points with confidence and suggests that remedial alternatives involving
groundwater extraction by pumping are likely to prove ineffective.

- A preponderance of evidence exists to support the conclusion that a majority of
groundwater flow at WAG 6 occurs in the upper 50 to 100 ft of the aquifer with
virtually no flow occurring below 250 ft.

O - Groundwater flow in the regolith, where saturated, is through a combination of matrix
porosity and secondary porosity features and generally is expected to follow mapped
hydraulic gradient on a larger scale. However, the degree of anisotropy increases with
depth in the regolith in inverse proportion to the degree of weathering. Consequently,
some uncertainty remains in predicting local gr'oundwater flow between two points.

I

-_ - In the unweathered bedrock, groundwater flow occurs along secondary permeability

i features, principally fractures. Principal groundwater flow directions in bedrock follow
strike-parallel and bedding plane fractures except where crossing secondary fractures
with different orientations and lower heads. This results in tortuous, stair-stepping

i flow paths in three dimensions.
i

i - Flow directions and rates in the saturated regolith and upper bedrock are controlled by
I a combination of the hydraulic gradient, and the orientation, density, and degree of

i interconnecting fractures. While strike-parallel flow dominates in the bedrock, it can 'be assumed that on a larger scale flow is in the direction of hydraulic gradient, as

i determined from potentiometric mapping, particularly in areas where the water table

occurs above the top of competent bedrock. Nonetheless, there is considerable
uncertainty in predicting flow between two given points at WAG 6.

- Groundwater flow rates (average linear velocities) in the regolith range from

O 0.10 m/day to 2.28 m/day, with an overall geometric mean linear velocity of0.33 m/day (395 ft/year). Flow rates in the shallow bedrock range from 0.04 to
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0,49 m/day, with a geometric mean linear velocity of 0.15 m/day (180 ft/year). The
difference is largely related to the order of magnitude difference in hydraulic
conductivities between the two.

• Existing Remedial Measures Performance

- 'The 49 Trench French Drain installed in 1983 has been effective in intercepting
groundwater and lowering the water table below trench bottoms over portions of the
49 Trench disposal area.

- Comparing pre- and post-ICM capping maps, the construction of ICM caps 4, 5, and
6 have apparently had little effect on dewatering trenches or preventing bathtubbing
and/or inundation of the trenches (largely due to the position on slopes and limited
size). Conversely, Ashwood and Spalding (1990) report that ICM caps 2 and 8 are
effective due to the significant reductionof the storm flow recharge area upgradient of
the trenches. None of the caps had any effect on groundwater levels.

3.4 SURFACE WATER HYDROLOGY

Surface water at WAG 6 is significant because, as described in Section 3.3, the
majority of contaminant transport, either via storm flow or groundwaterdischarge, is to the
surface water features within and surrounding WAG 6. Because of this, surface water is a

principal pathway for contaminant transportoff of WAG 6 and is of concern with respect to
potential health risks associated with exposure. Consequently, an understandingof surface

i

water dynamics at WAG 6 is integral to delineation of the nature and extent of
contamination, fate and transport of contaminants, and assessment of risk to receptor
populations.

This section presents a summarydescription of the surface water hydrology of WAG 6
and the water bodies that receive surface water drainage. The section is organized into four
subsections. Section 3.4.1, Surface Water Features, details the drainage features of WAG 6
and characterizes the receiving waters impacted by contaminants released from WAG 6.
Section 3.4.2, Stream Flow Data, summarizes the available WAG 6 stream flow data,
including the continuous measurements of flow, storm events, and sporadic measurements
of dry-weather flows, Section 3.4.3, Precipitation andRunoff Relationships, summarizes the
runoff characteristics of the WAG 6 basins based on analyses of available stream flow data
and results of previous studies. This section also describes WAG 6 runoff processes, storm
response, and stream base flow characteristics. "

Section 3.4.4 summarizes the effects of ICM capping on stream flow. Section 3.4.5.
Elements of Water Balance, provides estimates of average annual precipitation
evapotranspiration, surface runoff, and groundwater discharge. Section 3.4.6, Surface
Water Quality, describes the quality of the surface waters in WAG 6 based on the results o_
the 1989 WAG 6 RFI surface water sampling activities. Section 3.4.7 provides a summary.
of key findings regarding surface water hydrology at WAG 6. _l_
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O 3.4.1 Surface Water Features

WAG 6 is situated on a hillside within the WOC basin, as shown in Fig. 3.51. Tb.e
site is jus'i north of WOL, which is an impounded segment of WOC. 'Outflow from WOL
is controlled at a dam located about 0.6 miles upstream of the confluence of WOC and the
Clinch River. Ali of the WAG 6 area drains to the WOL floodplain either directly or via
the several drainages located within the WAG 6 boundary and along its eastern boundary.
White Oak Creekjoins the Clinch River at Clinch River Mile (CRM) 21.0.

3.4.1.1 Key local surface water features

The receiving waters of WAG 6 are the EWB, an unnamed tributary to WOC that
flows along the eastern side of WAG 6, WOL and the WOC embayment, WOC, and the
Clinch River. Each of these is described below.

Emergency Waste Basin. The EWB is located just north of the SWSA 6 fence.
Runoff from a small areanorth of the northern drainage divide drains into a naturalchannel
leading to the EWB, which is approximately40 ft below the level of the WAG 6 boundary.

The bowl-shaped basin has a surface area of 2 acres and a storage capacity of 46 ac-ft
(15 million gallons). The surrounding area is generally marshy and covered mostly with high
grass and briar. An earth-filled damon theeastern side controls outflow from the EWB, and

O any discharge (or seepage) enters a narrow stream draining the area southeast of the dam.Eventually this stream joins the unnamed tributary of WOC that parallels the eastern
,.

boundary of WAG 6,

Unnamed tributary of WOC. An unnamedtributary parallels the eastern boundary

of WAG 6 and runs south into a marshy area that marks the approximate high-water level
, of WOL. This stream is sometimes referred to as the "West Seep Tributary' in other
| documents (the "west"refers to its position relative to WAG 7). This unnamed tributary
I receives groundwater and surface water runoff from a 161-acre drainage basin that includes

the southeast slopes of Haw Ridge, a portion of the pits and trenches of WAG 7, the EWB,

i and the eastern ft'mk of WAG 6.

White Oak Creek. WOC drains a 6.53 mi2basin that contains the ORNL Main Plant

(WAG 1) in Bethel Valley and ali the other WAGs within Melton Valley and Bethel Valley,

i Elevations in the basin range from 741 ft at the Clinch River confluence to 1356 ft at the

crest of Copper Ridge on the southeastern drainage divide. WOC originates at several ,'
springs along Chestnut Ridge. The main branch of WOC is 4 miles long, and its major
tributaries are the Melton Branch, which drains the Melton Valley, and an unnamed tributary
in the northwest part of Bethel Valley.

The WOC flow consists of natural surface runoff, groundwater discharge, and
discharge of imported waters. ORNL imports water from outside the WOC basin and
discharges an estimated 3.5 cfs of process and waste water into WOC annually (Webster and

O Bradley 1988). According to Tennessee's water quality criteria and stream use classification
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for interstate and intrastate streams, WOC's water is intended for freshwater use, for
livestock watering, and for wildlife.

Flow characteristics of the streams in the WOC basin vary according to local g_logy,
soils, and vegetative cover. Table 3.14 shows flow statistics from four USGS flow gaging
stations shown in Fig. 3.51.

White Oak Lake and White Oak Creek embayment. WOL, located just southof
WAG 6, is formed by a low-head earthen dam located 0.6 miles upstream of the confluence
of WOC and the Clinch River. Since September 1986, ORNL has recorded water level
measurements for WOL at two locations along the upstream side of the dam. Lake stage
data are recorded in 15-minute increments by a Stevens (chart) recorder installed in a stilling
well mounted to the dam on the south stde of the lake. In addition, since May 1988, ORNL
has recorded lake stage data using two pressure transducers mounted to a staff gage in a
stilling well affixed to the dam on the north side of the lake. Lake level elevations for May
1988 through January 1991 are shown in Fig. 3.52. The data show a mean lake level for
this period of 745.36 ft, which is only 3 ft above the bank-full level of the Clinch River.
The maximum flood level recorded to date for WOL is 751.28 ft; it occurred on
December 23, 1990, associated with a high-intensity rainstorm. The lowest lake level,
744.81 ft, was recorded November 10, 1990. Daily fluctuations of several feet associated
with short-duration rainstorms are not uncommon. From May 1988 to January 1991, the
lake level exceeded the mean 25% of the time, but reached elevations above 747 ft only
2.7% of the time. The cumulative frequency distribution of lake levels is shown in 11W
Fig. 3.52.

' At mean pool level, the lake has a 35.5 ac-ft (1,550,000 _) storage capacity. Outflow
from the lake is through a weir and a concrete-box culvert located at the dam. The present
outlet capacity is estimated to be 2000 efs (Tschantz 1987). Fitzpatrick (1982) estimated the
levels of WOL for 100 and 500 year floods and for the probablemaximum flood (PMF), to
be 754, 754.9, and 761.4 ft, respectively. The PMF would inundate the animal waste
trenches located in the southernpart of WAG 6. Changes in the lake level have been shown
to impact the water table elevation in the southern part of WAG 6 (Ashwood and Spalding
1990). As discussed previously in Section 3.3 and shown in Fig. 3.36, lake level fluctuations
are evidenced in water levels recorded in severalof the deeper trench piezometers (Wells T44
and T63) adjacent to WOL, which fluctuate in response to lake stage elevation. Shallower
trenches showed no response. Generally in the deeper trenches, a response to WOL
fluctuation is only observed when lake levels exceed an elevation of 747 ft.

WOL is the sink for ali the contaminants transported in runoff and sediments generated
in the WOC basin, and accumulated sediments in the lake contain tritium, cobalt-60, and
cesium-137. The lake dynamics greatly impact radionuclide releases into the Clinch River.
Resuspended sediments are released from the lake during heavy storms. Dye studies
conducted in 1987 by ORNL indicated that travel time through the lake is approximately 27
hours (Borders et al. 1987). The major flow paths appeared to be the old channel beds.

Q
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O Discharge and water levels below the WOL damare controlledby the operation of the
Melton Hill Dam, which is located on the Clinch River, 2.3 miles upstream of the WOC
embayment and Watts Bar Dam, 21 miles downstream of the confluence of WOC and the
Clinch River.

Clinch River. The Clinch River is the major surface water body receiving discharges
from WOC. Three TVA dams, Melton Hill, Norris, and Watts Bar, control the flow of the
Clinch River. Whim Oak Creek discharges to the Clinch River at a point downstream of
Melton Hill Dam, but upstream of WattsBar Dam. Norris Dam is about32 miles from the
site and is upstream of Melton Hill Dam.

i

At the Melton Hill Dam gaging station, the Clinch River has a drainage area of
3343 mi2. The average annual discharge of the river is about 4600 efs. The record since
1936 shows extremes ranging from the maximum of 39,600 efs recorded February 18, 1937,
to several zero-flow days recorded since Melton Hill Dam was completed in August 1962
(USGS 1990).

River stages below Melton Hill Dam are affected by a combination of discharge from
Melton Hill Dam and Watts Bar Lake backwater when not generating power, Since power
generation began at Melton Hill Dam in the summer of 1964, the Clinch River flow has
corresponded to the power generation pattern. During the peak power generation days,
Monday through Friday, releases are made for a 104o-16 hour period; no releases are made

O for the remaining off-peak hours, The peak releases vary between 16,000 to 21,000 cfs,Table 3.15 shows the monthly flows of the Clinch River recorded at the Melton Hill Dam
tailwaters for the 1988-1989 water year,

According to the State of Tennessee stream use classification, the Clinch Rivet' water
is used for domestic water supply, industrial water, aquatic life, recreation, irrigation,
livestock watering, wildlife, and navigation,

3.4.1.2 Site drainage characteristics

The number of streams in WAG 6 result in short overland flow lengths. Land slopes
. vary from 20 to 57% around the ridges and fr m 2 to 12% in the topographic low areas,

Despite the modifications to the site vegetation, soils, and surfaces related to the site's use
for disposal, site streams and overall topography have not been altered, Gross topographic
features remain unchanged, However, several features constructed at WAG 6 have impacted
the overall surface water hydrology of the site: ,.

.i

i_ ® The 49 Trench French Drain, constructed in the central part of the site to intercept ,

i groundwater, discharges directly to surface water drainages within WAG 6 via two
outfalls at the termination of the north and east limbs. Although discharge from the
north limb of the French Drain is intermittent and low (< 1.0 gpm), the east limb has
sustained discharges to drainage DA ranging from 0.3 to 20 gpm.

0
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• in April and May of 1989, as partof the ICM, six large areas (covering approxima_ly

15% of the site) wore capped with HDPE to reduce infiltration. Around the capped
areas, trapezoidal drainage channels or berms were constructed. Channels are 1 ft
deep and 1 ft wide at the bottom and have 3:1 side slopes lined with an impermeable
membrane and 6- to 8-in. riprap. To avoid erosion from accelerated runoff from
capped areas, conveyance channels and attenuation channels were installed as energy
dissipators (Eiffo et ai, 1988), The conveyance channels lead to nearby stroam_;
attenuationchannels spread runoff over the land surface. Where these channels cross
service roads, six old culverts wore replaced with new culverts with increased
hydraulic capacity, Ali culverts were designed to pass flows from a storm of 25-year
frequency and 24-h duration, Fig. 3.53 shows the capped areas and their drainage
features. The caps have increased the site's surface runoff volumes and the peak flow
rates, Storm rL,noff volumes and rates have also been increased due to addition of
other impervious areas such as Tumulus pads and several buildings.

WAG 6 is divided into 10 subareas that define drainage areas associated with surface
streams, These subareas, shown in Fig. 3.54, are listed below and discussed in the following
sections.

i

_S_ubarea Drainage Area (acres_

FA 12.2 0FB 21.6
DA 9.6
DB 8.8
A 0.9
B 2.5
C 1.5

South Slopes 5.9
East Slopes 2.3
Southwest Slopes 2.7

Subarea FA. The western and _astern pm'ts of Subarea FA are drained by separate
streams (Streams FAA and FAB). The westernmost stream flows southeasterly, while the
easternmost stream flows to the south. Both are about 500 ft long. They join in a low-lying
marshy area and from there flow southeasterly as a single stream for about 230 ft; this stream
then joins the stream draining Subarea FB. The joined stream passes through a culvert under .'
the service road near the southern boundary of WAG 6 then runs about 500 ft before
discharging into WOL.

The average stream channel slope is about 5 %. In the upstream reaches, channels are
not well-defined, but in the middle reaches the channels are about 8-10 ft wide---although
flow is usually confined to a 1.5 ft-wide section. At the basin outlet, the stream channel is
about 3 ft wide, and the bankfuil depth is about 16 in. The overland slopes range from 2 to ii
12%, and the overland flow distances to the streams are about 150 ft,
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O Subarea FIB. A single stream running north to south drains Subarea FB. The stream
channel is 1900 ft long and its average slope is about 3 %, In the upstream reaches, the
channel is 6 to 18 in, wide and the bank-full depth is 1 ft, At the downstream end, the
channel width is about 36 in., and the depth is about 16 in, Within this subbastn, the
overland flow distances to stream FB range from about 150 to 300 ft,

The north leg of the 49 Trench area French Drain (226 ft long) is located in the
northeast part of Subarea FB. The French Drain terminates in a 4 ft by 4 ft concrete settling
tank close to the stream, However, records indicate discharge from the French Drain settling
basin has been intermittent, (observed only five times from 1984-1985), and peak discharge
has been less than 1 gpm (Davis and Marshall 1988).

Subarea Dh,, Subarea DA lies in the middle of WAG 6. The south end of the French

Drain terminates in a 4-ft by 4-ft concrete setting tank approximately 200 ft east of Butlding
7842, which is located on the southwest ridge of Subarea DA, The tank has a 4-in. PVC
outlet pipe and discharges directly overland to stream DA.

Ali of Subarea DA is drained by a natural easterly flowing stream. The stream is 550
ft long and has a chamlel slope of about 3.7 %. The downstream channel is about 3 ft wide11

and 1 ft deep at bank-full capacity. The stream passes under the service road through a 30-

in, culvert, crosses the WAG 6 boundary, and then joins the stream draining Subarea DB.The combined stream th_,nruns into the floodplain of WOL,
I diL

ag _ Subarea DB, Subarea DB, located in the eastern part of WAG 6, is drained by a stream

running north to south, The stream is about 750 ft long, and its channel has an average slope

of about 4 %. Its upstream reach is made up of various channels that are 3 to 6 in. wide and
drain a flat floodplain. The stream's downstream reach is a riprap-lined_ 2- to 3-ft wide
channel. The stream passes through a culvert, crosses the WAG 6 boundary, and joins the

; stream from Subarea DA.

Subarea A. Subarea A is located in the northern part of WAG 6. Overland flow from
the west and east slopes of Subarea A drains north into the stream leading to the EWB.

Subarea B. Subarea B is located in the northeastern part of WAG 6. A stream 350 ft
long drains the area toward the northeast. The stream channel is about 16 in. wide and 6 in.
deep. About 75 ft after crossing the WAG 6 boundary, the stream joins another stream
flowing south, and together they join the unnamed tributary of WOC that separates WAG 6
and WAG 7 and discharges to the floodplain of WOL. ,'

Subarea C, Subarea C is located in the easter part of WAG 6. A small stream runs
east and empties into the WOL floodpla;n. The high activity solvent waste auger holes are
located in Subarea C.

Slopes. The easternmost slopes of WAG 6 drain by overland flow into the unnamed
tributary that flows east of the WAG 6 boundary. The southern slopes of WAG 6, south of

(I of Subareas FB and into the of WOL.the drainage divide DA, discharge directly floodplain
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There are no developed stream channels on these slopes. A small area west of the drainage
divide of Subarea FA drains southeasterly toward stream FA draining into WOL. Some
drainage also occurs toward the perimeter service road and into small channels running
towards the WOL.

3.4.2 Stream Flow Data

Limited stream flow data are available from past ORNL research activities, and, more
recently, from the WAG 6 RFI surface water sampling events. Available data are
summarized below.

3.4.2.1 Continuous flow measurements

From June 1985 to June 198;, continuous flow measurements were made at three weirs
located at road culverts near the southern boundary of WAG 6 (Davis et al. 1986)o Stations
1 and 2 were located at the outlet of Subareas DB and DA. Station 3 was located at the

outlet of the combined drainages of Subareas FA and FB (Fig. 3.55). At each site, a
combination V-notch and rectangular weir was installed in the upstresan end of the 15-in.
culvert. Water surface elevation (stage height) was measured using a pressure transducer in
a stilling well constructed in the pool upstream of the weir. The stage height was recorded
every 15 minutes with a Stevens punch tape water level recorder. Stage height was
converted to flow rate with a rating curve. Flows could be measured within the range of d_k
0.09 to 1.07 cfs.

Because of equipment failures, flow measurements were considered unreliable for 7 days
for Station 1, for 11 days for Station 2, and for 31 days for Station 3 during the 1985-1987
data period. Daily flow hydrographs for the same period are shown in Figs. 3.56a and
3.56b.

3.4.2.2 Storm runoff measurements

October 1980-March 1983 samplings. As part of the ETF site investigation activities
initiated in 1980 (Davis et al. 1984), two Parshall flumes with 9-in. throats were constructed
in two channels draining theETF site (FAA and FAB streams in Subarea FA). Flumes I and
II have drainage area of 1.6 acres and 2.2 acres, respectively. A PVC liner was placed
about 13 ft upstream of each flume at 6.5 ft below the channel bottom so that the subsurface
flow could also be passed through the flume. Sixty runoff events were recorded at Flume I
and 121 at Flume II for the 30-month period from October 1980 to March 1983. The peak ."
flows (in cfs) were:

.Flume I Flume II

Maximum Discharge (cfs) 2.05 1.80
Mean Peak Discharge (cfs) 0.37 0.35
Standard Deviation of Peak Discharge (cfs) 0.42 0.38
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O Hydrographs recorded _! ,,_e flumes for winter (November 1980) and summer (June 1981)
storms are shown in Figs. 3.57a and 3.57b, respectively.

April-May 1990 storm runoff sampling. As part of the WAG 6 RFI activities, storm
runoff measurements were made during April-May 1990. Automatic flow monitoring sites
were established at four locations (Fig. 3.55) on the streamsdraining subareas FA, FB, DA,
and DB. A trapezoidal flume with a 2-in. throat and 60* side slopes was installed in the
stream channel draining Subarea FA. A Parshall Flume with a 6-in. throat was installed in
the drainages of FB and DB. In drainage DA, a Parshall flume with a 18-in. throat was
installed. The flume sizes were selected based on channel geometry at bankfull capacity.
Ali of the flumes were prefabricated with fiberglass by Free Flow, Inc. and were equipped
with two stilling wells, one upstream and the other downstream of the throat. The stilling
wells were equipped with pressure transducers (2 to 5 psi sensitivity range) to measure the
water stage. An Easy-Logger Model EL-834 was used to record the stage measurements
(TIVI-06-05A, Surface Water and Sediment Investigation, Phase 1, Activity 2). The stage
measurements were converted to flow rates using factory-supplied rating curves. The design
characteristics of the flumes are shown in Table 3.16.

Figures 3.58 throt]gh 3.61 are storm hydrographs for April 28, May 17, May 20, and
May 27, 1990 storms, respectively. A total of two storms were successfully monitored at
each site. Table 3.17 shows the storm rainfall, runoff, and peak flows for each of the storms
at each site.

O 3.4.2.3 Dry weather flows

During April and May of 1983, Davis et al. (1984) made several bucket-and-stopwatch
measurements to quantify the dry weather flows at the ETF site. The average of the
measured flows was about 0.0014 cfs. Streams were dry most of the time.

As part of surface water sampling for the WAG 6 RFI in 1989, dry-weather (base flow)
flows were measured at various stream locations Within WAG 6 during the sampling events
as well as at seeps and the outfalls from the 49 Trench Area French Drain. Surface water
sampling sites are shown in Fig. 3.55. "I_e dates and prevailing weather conditions for the
five surface water sampling events were as follows:

® February 8-9, 1989; high groundwater; pre-cap conditions; dry weather
• April 18-24, 1989; high groundwater; post-cap conditions, dry weather
• May 9, 1989; dry weather following a storm ,"
• September 5-6, 1989; low groundwater; dry weather
• September 25-27, 1989; low groundwater; dr? weather following a storm

Flows were measured using the velocity-area method. Flow velocity was measured at
a stream depth of 0.6 ft using a Swoffer Model 2100-14 current meter. Water depth was
measured using either a ruler or the depth gage on the current meter probe handle.

O Discharge was then calculated as flow veloci_ times the flow cross-section area, using the '

H
.............. ,e ........ , .......... ,r ...... i]_ .... , ...... III r,,, ..... q,,t,l_i$11nrlll_l!l_l,l,,,q'll_all,''lr _ _",,il ,H_r ..... r,,, ..... 'nlnr,rlrqrH, .,, _lr,',_qm, ,, ' ll,,N 'tilt r I',ll '' I'1 Iii " ,mlr,,,,,,lIill_!rIIII ,,_lrl'"'' II_'" ",i'_'"_lI_'mc'



3-54 O
USGS mid-section method. Flow from the seeps was measured using a beaker and a Huer
stopwatch (BNl 1990a).

The results of the base flow measurements are shown in Table 3.18.

3.4.3 Precipitation and Runoff Relationships

3.4.3.1 Components of runoff

Precipitation reaches a stream channel throughvarious paths, and stream flow hydrographs
at any point in a stream can be visualized as a composite of runoff generated by different
processes. Four runoff components are considered to contribute to stream flow in WAG 6.
These are described below.

(1) Hortonian Overland Flow. HortonianOverland Flow (overland flow) occurs when the
rainfall intensity exceeds the infiltration rates of the land surface. The excess water
travels over the surface, collecting in small rivulets and trenches, and flows into stream
channels relatively quickly. Flow hydrographsdominated by overland flow exhibit fast
rises to peak, highpeaks, and sharprecessions. In small areas (less than 100 acres) that
are bare or sparsely vegetated, overland flow hydrograph peaks may lag rainfall by 5
to 15 minutes.

(2) Subsurface Storm Flow. Also known as interflow, subsurface storm flow is the
infiltrated water that travels subsurface to reach a stream channel. Subsurface storm

flow occurs in areas where topsoil of high infiltration capacity is underlain by a low
permeability strata. Such a mechanism can occur in humid, forested areas where ali
precipitation infiltrates the soil and essentially no overland flow occurs. Because vertical
movement of the infiltrated water is impeded by the underlying low-permeability strata,
water accumulates and flows laterally downgradient until discharging as a seep or to a
stream channel. Subsurface storm flow hydrographsare less peakish and can lag rainfall
by 1 to 30 hours. In areas with deep permeable soils, on steep hillslopes and in narrow
valley bottoms, most of the volume of the storm runoff is from the subsurface storm
flow.

(3) Saturated Overland Fl0w. Saturated overland flow results when precipitation falls on
saturated slopes next to a stream channel; subsurface flow emerges to the surface on the
lower parts of slopes. During the passage of the storm, as the groundwater table rises
and falls, the degree of saturation of the slopes will also rise and fall. Saturated
overland flow dominates the peak flow rates in humid forested areas.

(4) Base Flow. Base flow, also called dry-weather flow, is the discharge of groundwater
into the stream when the hydraulically connected water table has a gradient towar:_ die,
channel. Since groundwater flow is usually very slow, there is considerable lag b_ .veen
precipitation and groundwater flow into the streams. In humid areas during dry per'to,ts,
groundwater flow accounts for most stream flow.
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Q 3.4.3°2 Areal variation of runoff processes

The relative amount of water contributedto stream flow by each of the runoff processes
identified above is dependenton the physical characteristicsof the individual drainage basins
andprecipitation. Two significant physical characteristics of the drainage basins are the soils
andlandcover.

WhereasprecipitationcanbeassumedtobeequalacrossWAG 6,arealvariationsinsite
soilsandlandvegetativecoverarehighlyvariableacrossthesite.As describedpreviously,
IIdistinctsoiltypeshavebeenidentifiedatWAG 6',severalsoilunits(suchassoilunit5,
underlainby a fragipanlayer)presentahighpotentialforstormflow.Soilinfiltrationrates
presentedinSect.3.3.2.4areoccasionallyexceadedby rainfallintensitiesexperiencedat
WAG6. However,sincetheinfiltrationcapacityofsoilsdropsexponentiallywithin15to
20minutesaftertheonsetofrainfall,minimuminfiltrationratesareexpectedtoprevailas
a stormprogresses.Consequently,overlandflowoccursduringmoststormsinuncapped
partsofWAG 6,whereinfiltrationratesarelimitingandwherethelandsurfaceisbareor
sparselyvegetated.

< BecauseoftheseConditions,therelativeamountofwatercontributedtostreamflowby
eachofthefourrunoffprocessescannotbe determinedwithcertaintyandhave,therefore,
notbeenquantified.

O 3.4.3.3 Storm hydrographs

The storm hydrographs shown in Figs. 3.57a and 3.57b and Figs. 3.58a through 3.61
are representative of the responses of WAG 6 basins to storm rainfalls. While it is not
possible to separate the storm hydrographs according to the four runoff components described
above, it is possible to determine the surface runoff and base flow components. Overland
flow, saturated overland flow, and some of the subsurface storm flow will contribute to
surface runoff. By drawing a line between the flow rates at the beginning of the storm
hydrograph and a point on the recession portion of the hydrograph, base flow can be isolated,
and it can be seen that base flow represents a small portion of storm runoff volume.

A concept useful in defining overland flow hydrographs is the time of concentration,
which is the time it takes for water to travel from the furthest point in the basin to the basin
outlet. Using the site characterization summary (SCS) velocity charts for the DA, DB, FA,
and FB drainage, the time of concentration was estimated to range from 10 to 75 minutes.

!

Lag time, which is the time between the centroid of rainfall excess and the hydrograph
. peak, was also com_uted for _ese basins. The computed lag times, 60% of the time of
[ concentration, are 6 to 45 minutes. The observed storm hydrographs (Figs. 3.58 through
| 3.61) exhibit lag times of 25 to 75 minutes, similar to computed lag times. This indicates
] that overland flow concepts can explain the hyrdograph shapes.

The storm hydrographs for Flume I at the ETF site, shown in Figs. 3.57a and 3.57b,

O exhibit the very lag typical an hydrograph, drainage
short times of overland flow The small
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basinat FlumeI has shallowsoils andsparsegrass cover; therefore,overlandflow dominates
the peakof thehydrograph.Furthermore,becauseof saturatedsoil moistureconditions,the
hydrographpeak duringthe winter storm was also dominatedby overland flow, which
equaledabout 60% of the storm precipitation(Davis et al. 1984). The hydrographsfor
Flume II exhibiteda moredelayed responseto rainfall,butas Daviset al. (1984) indicate,
this was due to the impoundmentof water upstream of the culvert where flows were
measured.

3.4.3.4 Dry weather flows

Streams in WAG 6 are predominantlyintermittent. Under highwater table conditions
duringwinter months, stream flow is compiisedof dischargefrom the groundwater. During
dry periods, when the water table elevation drops below the bottomof the stream channel
or whenthe groundwatergradienttowardthe streamdecreases,base flowceases and streams
become dry, Along their reaches, streams in WAG 6 are expected to behave as effluent
(gaining) in the wet season or influent(losing) in the dry season. As the dry weather flow
measurements in Table 3.18 show, no flowwas observed in upstream reachesof the streams
during dry weather.

The mean daily flows reported in Davis et al. (1984) for the period June 1985 to July
1986 at basins DA, DB, and F (FA and FB combined)were analyzed to determine the
percentage of base flow (i.e., groundwaterdischarge). Flows during dry days and the
portions of flows during wet days that were isolated by visual inspectionof the daily flow IP'
recessions were summed for the entire period. Computedpercentageswere 43, 24, and 36
for the DA, DB, and F basins, respectively.

3.4.4 Effect of ICM Capping on Stream Flow

In a recent study by Eiffe et al, (1988), 25-year, 24-hour storm hydrographs were
developed at various locations in WAG 6 to help in the design of ICM cap drainage
culverts. The storm magnitudewas estimatedto be 5.48 in., basedon the Weather Bureau
TechnicalPaper No. 40 (Hershfield1961). SCS Type II rainfall distributionwas used to
definethe rainfall distribution(USDA 1985). The 5-minute peak rainfall amountwas 0.72
in. Using these assumptions, stream flow hydrographswere generated using the HEC-1
(U_ACE 1981) model to simulatethe effects of capping. The modeledpeak flows and the
percent increase in'peak flow were:

Pre-Cap Post-Cap
Peak flow Peak flow

Area fcfs) , _ Percent increase

DA 117 123 5
DB 29 33 14
F 33 42 27 __

O
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O 3.4.5 Elements of Water Balance

The hydrologic water balance for the entire WAG 6 site or any basin within it can be
expressed as a "lumped equation":

P = RO +ET+ ASM + AGWS

where,

P ---input to the system by precipitation
RO -- losses from runoff processes (described in Sect. 3.4,3.1)
ET = losses from the system due to evapotranspiration
ASM = change in soil moisture
AGWS -- change in groundwater storage

Assuming changes in both groundwater storage and soil moisture are negligible, the
hydrologic water balance for the entire WAG 6 site can be simplistically described by:

P ='RO + ET

There is considerable uncertainty as to the exact magnitude of the various components
of the annual water balance for WAG 6, mainly because of the lack of adequate

O measurements of ET and the runoff components. However, using the estimated averageannual precipitation (52.2 in.) and evapotranspiratton(30 in.) suggested by Moore (1989a),
' the average annual runoff would be 22.2 inches. For comparison, the estimated mean annual

runoff for the 1936-1960 period reportedby McMaster (1967) for 19 small drainagebasins
in the Oak Ridge area ranged from 21.7 to 25.9 inches.

A water balance study was performed as pan of the WAG 6 fate and transport
modeling (see Sect. 5) using the CREAMS model (a field-scale model for Chemicals, Runoff,
and Erosion from Agricultural Management Systems). CREAMS is a physically based
rainfall runoff model that generates surface runoff, potential evapotranspiration,actual ET,
and deep percolation from the input precipitation, monthly average temperature, and solar
radiation. Daily precipitation data for the 1981.-1990period recorded at the ETF station was
used to represent WAG 6 precipitation in the water balance study. Flow records available
for the F, DA, and DB drainages for June 1986 through July 1987 were used in calibration
of the model.

The modeled yearly water balance values for this period are shown in Table 3_19
(further details are presented in Sect. 5 of the RFI report). The surface runoff values given
in Table 3.19 are assumed to include overland flow and saturated overland flow, Similarly,
the deep percolation values are assumed to include both groundwater discharge and
subsurface storm flow. Total runoff is the sum of the surface runoff and deep percolation
components,

O
q
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Disregarding the results for 1981 because initial conditions affect the first year of

simulation, the total runoff and ET values for other years are reasonable, For 1982 and
1984, years in which precipitationwas close to the computed long-term average for WAG 6,
surface runoff and ET values are comparable to those presented by Moore (1989a) and
MeMaster (1967), However, during dry years surface runoff decreases roughly 7%,
accompanied by an approxirna_7 % increase in deep percolation. For the 1981-1990 period
as a whole, ET accounts for 61% of the annual precipitation while total runoff (surface
runoff plus deep percolation) is 39% of the average annual precipitation, for this period,
Surface runoff and deep percolation account for 23 % and 16% of the annual water budget,
respectively, or 59 % and 41% of total runoff,

McMaster (1967) reported runoff (surface runoff and deep percolation components)
varies seasonally, as follows:

October to December -- 17%

January to March --- 51%
April to June _-- 22%
July to September --- 10%

Runoff is greatest In January through March, when ET is minimal, precipitation is
high, and high soil moisture levels prevail. Runoff is lowest in July through September,
when ET is high, precipitation is low, and soil moisture levels are low (thereby allowing for
increased infiltration). Similar patterns are evident for wet versus dry years (Table 3.20).

Deep percolation into subsurface storm flow and groundwater discharge components
cannot be separated accurately given the inherent uncertainties previously described.
Likewise, the exact amount of groundwater discharge that occurs as baseflow to on-site
streams or discharge to WOL could not be determined. Estimates of groundwater discha"i'_
reported in the literature show considerable variation. For example, Moore (1989a) as:_"_
that in the Oak Ridge area, groundwater discharge totals 1.26 in. (roughly 2.4%) of am ,
precipitation; most of lt is lost as deep evapotranspiration, with the remaining port
discharged at springs and streams. Conversely, Davis et al. (1986, 1987) in a water balm .._
study for the ETF site (July 1986 to June 1987) observed that 24 % of precipitation could t)e
accounted for by overland flow, with the remaining 76% attributed to combined
evapotranspiration and groundwater discharge. Assuming 52 in. of annual precipitation and
30 in. of mmual evapotranspiration, groundwater discharge using the Davis et al. (1986,
1987) percentages would suggest groundwater discharge accounts for approximately 10 in,
annually (or 20% of annual precipitation).

In the northern and eastern part of the site, groundwater discharges entirely to the
streams as base flow. In the southwestern and southern parts of WAG 6, portions of the

groun6water discharge to site streams as base flow, and the remaining portion discharges to
WOL t_eyond the WAG 6 boundary.

Q
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O 3.4.6 Surface Water Quality

The naturalquality of the surface waters in WAG 6 has been characterized based on
the surface water samples collected at various times and locations within WAG 6, Earlier
sampling events were limited to the ETFsite (Davis et al. 1984). More recently, in 1989
and 1990, as part of the WAG 6 RFI, a more comprehensive surface water quality sampling
has been done. The sampling activities and their results are described in TM 06-05 (BNl
1990b) and TM 06-05A, Surface Water and Sediment Investigation, Phase 1, Activity 2.

From evaluation of available data, the water in the streams is of the calcium-
bicarbonate type, is moderately hard to very hard, and has low sodium, potassium, and
chloride content. The pH of the water is between 6.6 and 7.6, indicating neutralto slightly
acidic waters. Because surface water features on or adjacentto WAG 6 are receptors for
contaminated water associated with runoff from WAG, the chemistry of the surface water
varies from location to location based upon degree of contamination. The natureand extent

= of contaminationof WAG 6 surface water is discussed in detail in Sect. 4 of the RFI report.

I 3.4.7 Summary of Findings Regarding Surface Water Hydrology
|

I Key findings and conclusions regarding the surface water hydrology at WAG 6 are
summarized below.

O • The surface waters of WAG 6 include seven streams, ali originating within WAG 6.Portions of the site drain into the EWB in the north, to the unnamed tributary on the
east boundary, and to the WOL in the south.

• The waste management and research activities at the site since the 1970s have impacted
- the surface water hydrology of WAG 6. Flow paths have been altered due to

construction of service roads, culverts, the French Drain, and the drainage features
associated with the ICM caps over eight waste areas. This increase in impervious
surfaces, plus clearing of some wooded areas, has increased overall flow rates and
volumes; however, the increase is small.

,, Streams in WAG 6 are intermittent. They are mostly dry during summer months
except for some groundwater discharge.

* The stream density of the site is considered high; streams are short, the longest being
about 1900 ft,. Therefore, potential for dissolved contaminant migration from WAG .'
6 via surface waters is quite high.

® While steep slopes in WAG 6 promote fast response to rainfall events, high vegetative
cover and variability in soil infiltration rates across the site moderate the storm
response somewhat.

O • The flow of the streams includes surface runoff (overland flow, saturated overland 'flow, subsurface storm flow) and base flow components. Adequate data do not exist
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to assess the relative percents of each of these flow components. However, the storm
hydrographs at the stream outlets at the site boundary exhibit peak flow occurring
within one hour of peak storm rainfall in most cases. Therefore, it can be stated that
overland flow and saturated overland flow dominate the storm hydrograph shape and
the storm volume.

* The long term (1948 to 1990) annual precipitation as measured at the Oak Ridge
Station is 54 in. The average annual precipitation for WAG 6 _TF site) has been
estimated to be 52 in. The average annual evapotranspiration is 30 in. The balance,
22 in., is the average annual discharge from WAG 6. The average annual amount of
groundwater discharged to on-site streams and into WOL cannot be accurately
quantified. Estimated average annual recharge to groundwater ranges from 1.3 to 10
in. (3 to 20% of precipitation).

* Seasonal runoff distribution is proportional to variations in precipitation,
evapotranspiration, and soil moisture levels. During the wet season, precipitation is
highest and ET is minimal, but soil moisture content is quite high, such that runoff is
high. Just the opposite occurs in dry periods; much of the precipitation infiltrates into
the subsurface and runoff_is low. In WAG 6, runoff ranges from 10% during dry
periods (July through September) to 51% in wet months (January through March).
Similar trends occur in wet versus dry years.

s The natural water in the streams is of the calcium-bicarbonate type, is moderately hard qP
to very hard, and has low sodium, potassium, and chloride content, The pH of the
water is neutral to slightly acidic (between 6.6 and 7.6).

3.5 ECOLOGY

This section summarizes the ecology of WAG 6 and describes the characteristics of the
ecosystem components and critical habitats. This information will be used in later sections
to determine potentially affected ecosyster'._.

i This section is organized into three subsections. Sections 3,5.1 and 3.5.2 describe
q flora and fauna commonly found on the ORR; tt is believed these same species are
- represented at WAG 6. Section 3,5.3 summarizes key findings regarding site ecology.
! Appendix 3B presents tables listing species found on the ORR.q
I

| 3.5,1, Flora .'
|

i The terrestrial ecology of the ORR has been summarized in several ORNL publications(e.g,, Kitchings and Mann 1976; Boyle et al. 1982). Areas of WAG 6 that remain
undisturbed are typical of habitat found throughout the ORR. However, most of the site has
been altered because it is an active disposal area and an area for research and development
of waste storage and dtsposal techniques. Much of WAG 6 has also been covered with

temporary impermeable caps. Currently, the site consists primarily of fields planted in I
fescue and relatively young wooded areas along drainages, which have moderately steep



3-61

'terrain.Tileforestedareas,showninFig.3.62,aregen0rallyoak-hickoryhardwoodstands
interspersedamongtheareasusedforwastedisposal,t

PlantcommunitiesatWAG 6 arecharacteristicofthosefoundintheinte_nountain

I regions of Appalachia from the Allegheny Mountains to the southern extension of the

Cumberland Mountains. The predominant oak-hickory association often includes stands of
mixed yellow pines as well as other hardwoods. Nearly pure stands of yellow poplar
(Ltriodendron tullp_fera) are found on well-drained bottomlands and lower slopes, whilei

I willow (Salix spp.), sycamore (Platanus occtdentalis), and boxelder (Acer negundo) occur
' adjacent to streams and on poorly drained floodplains. A floral assoelatlon, whtch often

occurs in coves and on sheltered slopes, ts comprised of species such as beech (Fagus
grandlfolta), sugar maple (Acer saccharum), magnolta (Magnolia spp,), buckeye (Aesculus
sylvattca), and basswood (Tllta americana).

A field survey for rare plant spectes was conducted in May 1990 on WAG 6. This
included a walkover of ali currently undisturbed areas, but no rare spectes were found
(Cunningham 1990a). In addition, _n July 1990 a wetlands survey was conducted of the
stream drainages within the fenced area at SWSA 6 (Cunningham 1990b). Although a few
wetland species were found, there was essentially no wetland community development.

3.5.2Fauna

Q Approximately 60 species of reptiles and amphibians, 150 species of birds, and 40species of mammals have been recorded on the ORR (see Appendix 3B). The great variety
of wooded and open areas, as well as extensive edge communities, provide favorable habitats
for a broad range of spectes. Individual habitat parameters or combinations of paranaeters
can be used to predict the occurrence of species in different habitats. Small marrmaalsmay

,; be confined to a single habitat type, while larger species or more mobile species may range
= over several types of habitats. Most of the animals found on the ORR are capable of

i adapting to a variety of habitats.
The fauna at WAG 6 are typical of those associated with maintained and forested areas.

During a cursory survey of WAG 6 in June 1990, 33 bird species and 1 mammal species
were observed (Kroodsma 1990). However, most of the bird, mammal, reptile, and
amphibian species listed by Kttchings and Mann (1976) could be present at _ome time (even
if only temporarily) on WAG 6.

No threatened or endangered bird or mammal species listed by the U.S. Fish and
Wildlife Service and no critical habitats are known to be present on the ORR. Therefore,
none should be present on WAG 6. Some species listed by the State of Tennessee as
threatened or endangered, such as the Cooper's hawk (Accipiter cooperii) and sharp-shinned
hawk (Accipiter striatus), may occasionally hunt for prey on the site. However, these species
are not known to nest on WAG 6, nor would they be expected to do so. A lack of suitable
habitat and the ongoing disturbances on SWSA 6 would be preventing factors (Kroodsma

O 1990).
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Aquatic communities on the ORR are typical of lake and stream systems in East

Termessee. Within SWSA 6, three relatiwly small, intermittent streams comprise the
principal aquatic communities. Distinct habitats within the streams consist of riffles, pools,
and leaf packs. A habitat evaluation based upon comparisons with similarly sized streams
on the ORR indicated that the east tributary did not contain sufficient quality habitat to
maintain a fish population (Ryon 1990). The two branches of the west tributary had r-_ols
of sufficient depth, appropriate undercut banks, and established pool-riffle sequence_ to
support some fish species; however, none were found during a fish survey in May 1990,

In September 1990, personnel from the ORNL Environmental Sciences Division
surveyed the EWB by electr0fishing and found five fish, ali of which were bass (Mtcropterus
spp.), and several frogs of undetermined species (Ryon 1990).

In May 1990, a survey was conducted of invertebrate species within the streams in
SWSA 6 (Smith 1991), The three distinct habitat types (i.e. riffles, pools, and leaf packs),
were sampled andthe samples were examined for species listed by the State of Tenness_ or
the U.S. Fish and Wildlife Service as threatened or endangered, None of the listed
freshwater invertebratesare known to exist on the ORR and none were found irl the streams
in SWSA 6 (Smith 1990),

3.5.3 Summary of Findings Regarding Ecology

Key findings and conclusions regarding the ecology of WAG 6 are presented below.

* A field survey of flora indicated that no rare plant species are present in SWSA 6.

* A wetlands survey along stream drainages within SWSA 6 indicated essentially no
wetland community development.

, No threatened or endangered bird or mammal species listed by the U.S. Fish and
Wildlife Services are present at WAG 6.

* No invertebrate species listed as threatened or endangered by the State of Tennessee
or the U.S. Fish and Wildlife Servlce have been found in the streams within SWSA
6,

® No fish were found in streams draining WAG 6.
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Table 3.1. Generalized stratigraphy of
the ConasaugaGroup
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O Table 3.2. Typical Maryviile Limestone physical properties with depth"

Depth (ft) pH CaCO3(%) Sandb% SilP% Clayb% Bulk density (g/cc)
5 5.4 0.2 63 18 19 2.61

10 7.7 6.4 68 21 12 2.61
15 7.7 18.2 74 13 12 2.61

20 7.7 27.9 72 16 12 2.61
25 7.6 21.9 66 16 18 2.63
30 7.7 5.4 59 21 19 2.64

35 7.6 27.2 67 19 14 2.63
40 7.3 25.8 66 19 15 2.63

45 7.4 18.9 67 15 18 2.64

50 7.4 16.7 73 14 12 2.64

55 7.6 10.6 77 12 l0 2.63

60 7.6 7.3 75 14 ll 2.63
65 7.8 6.7 79 13 8 2.63

70 7.8 9.1 80 I0 10 2.63

75 7.8 18.9 81 11 8 2.62

80 7.9 26.8 82 I 1 7 2.63

85 7.8 26.2 82 10 8 2.63

90 7.8 26.2 86 7 7 2.6395 8.0 22.3 90 5 5 2.57
100 7.7 26.0 82 11 7 2.62

105 7.9 11.7 82 11 7 2.63
110 7.7 21.0 87 6 7 2.64

115 7.9 10.9 80 ! 12 7 2.64

MEAN 7,6 17.1 76 13 11 2.63

°From analysis of cuttings from the 115 deep corehole #10 at SWSA 7 (Rothsc,hild et al. 1984b; Davis
et al. 1984).

bBased upon sieve analysis of < 2 mm fraction.



3-66 O
Table 3.3. Bedrock physical and chemical properties

Units Maryville Limestone° Nolichucky Shaleb

Amu' L/kg 27600 28400

Srts L/kg 63.1 38

Cs ts4 L/kg 27400 26200

Coss L/kg 2720 2197
Kds

It_ L/kg 9.4 12.5

Ca+Mg L/kg 56 40.8

Exchangeable Ca meq/kg I 13 119

Exchangeable Mg meq/kg 19.1 22

Exchangeable Na meq/kg 0.3 0.4

Exchangeable Acidity meq/kg 16.0 11.0

CEC meq/kg 149 154

pH -log[I-r] 7.6 7.7
,.

Bulk Density g/ce 2.63 NA

Total Porosity _ % 1.8 NA

*Mean of 23 Maryville rock cutting samples (< 2mm) from the 115-ft deep Well No. 10 in SWSA 7 O
(Davis et al. 1984)

bMean of 3 Nolichucky rock cuttings samples from the 25-ft deep Well No. 13 at SWSA 7 (Rothschild
et al. 1984b)

CMean total porosity calculated, where: total porosity = ((1-(bulk density/2,68) x 100)

NA - Not Analyzed
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O Table 3.4. Saprolite physical and chemical properties

WAG 6 SWSA 7'

Maryville Nolichucky Maryville
Uu's IS* SHb LS_

Arn :'t L/kg NA NA 20398
Sr" L/kg NA NA 202

Cst'4 L/kg NA NA 49766Kds
Con L/kg NA NA 2381
I'_ L/kg NA NA 16.8

Ca+ Mg L/kg NA NA 117

Exchangeable Ca meq/kg 3.8 11.5 93.4

Exchangeable Mg meq/kg 11.7 50 59.9

Exchangeable Na meq/kg 2.9 1.2 2.5

Exchangeable Acidity meq/kg 63.1 33.5 52.3
CEC meq/kg 81.5 96.2 208

pH -log[H'] 5.1 6.1 6.8
CaCO3 % NA NA 2.97
Extractable Fed mg/kg 257.2 331 282
Extractable Mnd mg/kg 1092 2842 623

Organic Matter % 0.12 0.38 NA

O Sand Fraction % 31 32 366Silt Fraction % 32 28 22

Clay Fraction % 37 40 42

Bulk Density g/ce 1.59 NA NA

Total Porosity' % 40.7 NA NA
Moisture / % 3.9 < 1 NA

Rock Fragment % 70.2 82.1 NA

Liquid Limit 46.9 51.5
Plastic Limit 33.4 28.4

Plasticity Index 13.5 23.2
Flow Index 15.2 9.7

Shrinkage Limit 26.1 19.8

*Mean of 16 C & Cr-horizon saprolite samples from three soil pits (I, III, and IV of Lietzke and Lee)
in WAG 6 (Ammons et al. 1987).

bMean of five C & Cr-horizon saprolite samples from test pit X in WAG 6, (Ammons et al. 1987).
*Mean of 12 Maryville saprolite samples from four 25-ft deep boreholes at SWSA 7 (Rothschild et al.

1984a).
dSodium dithionite extractable (CBD).

"Total porosity calculated, where: total porosity = ((l-(bulk density/2.68) x 100)).
:Corrected for rock fragments.

NA - Not Analyzed.

O LS - Limestone.SH - Shale.
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, Table 3.5. Soil physical and chemical properties

WAG 6 SWSA 7

Units Maryville Maryville Nolichucky MaryviUe Nolichucky
Soils" Soilsb Soilsc Soilsd Soils'

AmTM L/kg 5670 NA NA 1213 2500

Sr_ L/kg 494* NA NA 144 50.4
!

Cs TM L/kg 64100* NA NA 561 949

° Cosm I../kg 782* NA NA 80.7 84.5

Kds IIZ5 I.,/kg 11.7 NA NA 16.1 4.0

Ca+Mg L/kg NA NA NA 112 35.4

Exchangeable Ca meq/kg 20 59.7 14.7 42 17.5
Exchangeable Mg meq/kg 31 5.2 7.4 19 5.2
Exchangeable Na meq/kg 1 0.5 0 0. I 0

Exchangeable meq/kg 154 37.6 37 116 92
Acidity
CEC meq/kg 210 103 86.5 177 115
Extractable Fet mg/kg NA 2065 2414 NA NA
Extractable Mn/' mg/kg NA 434 412 NA NA

pH -log[H'] 4.4 5.6 4.9 4.9 5.3
Organic Matter % 0.37 1.58 0.57 3.17 4.24

Sand Fraction % 36 21 19 40 24
Silt Fraction % 22 53 52 31 23

Clay Fraction % 42 26 29 29 53
Bulk Density glee 1.34 1.45 1.44 NA NA
Total Porosity_ % 50 45.9 46.2 NA NA
Moisture h % NA 12.5 2.8 NA NA

Rock Fragments % NA 21.5 17.9 NA NA

i Liquid Limit NA 33.6 39.5 NA NA

Plastic Limit NA 25.2 23.9 NA NA

Plasticity Index NA 8.4 15.6 NA NA
Flow Index NA 9.2 7.7 NA NA

7" Shrinkage Limit NA 23.0 18.7 NA NA

i *Mean of 24 [Maryville material] soil samples from three 6.7-ft deep trenches (334,338,342) in SWSA
| 6 (Davis et al. 1984).

i bMean of seven [Maryville material] A & B horizon soil samples from three soil pits (Pits I, III, and IV .'of Lietzke and Lee, 1986) in SWSA 6 (Ammons et al. 1987).

I _Mean of 7 [Noliehucky and ancient alluvium material] A & B horizon soil samples from two soil pi,_(Pits IX and X of Leitzke and Lee, 1986) in SWSA 6 (Ammons et al. 1987).
_Mean of 12 B horizon soil samples reported from SWSA 7 (Rothschild et al. 1984a).
'Mean of 2 B horizon soil samples reported from SWSA 7 (Rothschild et al. 1984a).
/Sodium dithionite extractable (CBD).
8Mean total porosity calculated where Total Porosity = ((1-(bulk density/2.68) x 100)).
NA - Not Analyzed. III* - Davis et al. (1984) Kds reported for Cs-137, Co-60, and Sr-90.
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O Table 3.7, Summary of vertical gradients for WAG 6 wells pairs

.......................... : ....... i i iii

Well pair Position Head difference Gradient Vertical gradient
(ft) direction (ft/ft) '

li ii i i i ii ll,,i,ii. L li

745*/833 D 1,24* UP' 0,044 °

831/832' R 0.87 ° UP' 0.094 °

838/839" H/D 0.10` DOWN° 0.003*

841*/842 H/D 3,78° DOWN_ 0,120'

843/844* H 6.28° DOWN° 0.230`

855/856* R/H 0.49* UP* 0,008°

857/858 ° R 0.84 _ DOWN° 0.023 °

859/860_ H/R 0,91° UP" 0,028 °

840/1249' H/D 2.8_ UW 0,065b

1249/1234" H/D 7.35b UPb 0.098 b

1237/1238" R/H 4,44 _ DOWNb 0.04_

ETF- 14*/ETF- 15 R 0.82 _ DOWN _ 0.017 _

O ETF- 14/ETF- 16* R 1.14_ DOWN _ 0,007 _

ttHMS-4B*/HK ' _S-4C R 0.93 _ DOWN _ 0,005 _

HHMS-5B*/HHMS-5C D 4.57 _ UIw 0,029_

HHMS-7B*/I-IH S-7C H 9.04 _ , DOWN _ 0.005 _

HHMS-7A*/HHMS-7B H 2.34 _ DOWN _ 0,022 '_

HHMS-SB*/HHMS-SC H 2.44 _ DOWN _ 0.02(Y

*Indicates deep well of pair (e.g., "145")
' *Based upon average of water level measurements recorded during quarterly sampling and other sampling

performed from 6/88 through 6/90.
bBased upon average of water level measurements recorded during 5/90 and 6/90 sampling events.
_Based upon water level measurements collected 2/21/90,

R = Well pair located in apparent recharge zone relative to topographic and potentiometric setting.
D = Well pair located in apparent groundwater discharge zone.

i H = Well pair situated in hillslope position reflecting transition between inferred groundwater recharge

i and discharge zone.

i

0
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Table 3.8. Historical sources of WAG 6 groundwater geochemistry data

I i i _ _ ...... _11 11 I I i i ii i i i i i jl illl - i illli ii i

Wells Data source

I -- I I [ I I_11111I I I I i I .. I I L I II I II I III I IIII I

HHMS-4A, -48, -4C, -5A, -5B, -5C, -6A, -6B, - Dreier and Torah 1989, ORNL RAP data base
6C, -7A

I

•: ]_F -1, -2, -3, -4, -5, -6, -7, -8, -9, -10, -11, -12 Davis et al. 1987
_m

II T-1 -7 -10,-17,-18,-20,-36 Morrissey 1990

TARA -3, -4, -6, -8, -9, -10, -11, -12 Davis et al. 1989

367, 646 Davis et al. 1989

S-11 Soloman et al. 1988
1111 ii .IHI

O
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e Table 3.9. Summary of WAG 6 aquifer geochemistry

........ I I lill ii .......... I " z. I Imml_ _ " 3 iii iii *f I Illll .... I II II ]

_ Screen

Screen depth elevation Monitored
W¢11no, Water t_ (ft) (ft) zone

ii i ii i i iiiii i ii iiI li ....... _ _ i ii1111 ii ill i III ii ii i _ _j i i ii

Ali othersa Calcium-Bicarbonate < 100 > 665 1,2,3,4,5,6

1234 Sodium-Carbonate/Bicarbonate 128-148 624-644 5

1236 Sodium-Carbonate/Bicarbonate 141-161 641-661 2

1239 Sodium-Carbonate/Bicarbonate 135-155 628-648 5

HHMS-4A Sodium-Carbonate/Bicarbonate 380-400 390-410 5

HHMS-4B Sodium-Carbonate/Bicarbonate 174-215 573-614 2

HHMS-5B Sodium-Carbonate/Bicarbonate 196-219 547-570 2

HHMS-6B Sodium-Carbonate/Bicarbonate 275-295 467-487 2

HHMS-6C Sodium-Carbonate/Bicarbonate 158-178 584-604 2

HHMS-7A Sodium-Carbonate/Bicarbonate 380-400 409-429 7

ETF- 13 Sodium-Carbonafe/Blcarbonate 241-251 559-569 5

HHMS-5A Sodium'Chloride 380-400 36%387 2

HHMS-6A Sodium-Chloride 380-400 364-384 2
, i , i

e Monitored Zone Key
1 Nolichucky RegoUth
2 Noltohuoky Bedrock
3 Noliohucky Rogoltth/Bextrook
4 MaryviUe Regolith
5 Maryvllle Bedrock
6 MaryviU¢ Regolith/Bedrock
7 Rogersvlllo Bedrock
°This includes wells:

1225, 1227, 1228, 1229, 1231, 1233, 1237, 1238, 1240, 1241, 1242, 1243, 1244, 1245, 1249, 745,831,
832,833,838, 839,840,841,, 842, 843,844,845,848,849,850,851,852,853,854,855,856,857,
859,860, HHMS-4C, HHMS-5C, ETF.1 thru ETF-12, ETF-14, ETF-15, T-36, T-20, T-18, T-17, T-10,
T-7, T-l, TARA-3, TARA--4, TARA-6, TARA-8, TARA-9, TARA-10, TARA-11, TARA-12,367,646,
5-11,

e
!

l _ .............. rlllllrlllll'l l ll?llIM l rlrlllr]lllllllllll .... I[I llll II llllIII r_llr lllllIIll Ill llll II II rll
i _ ...... l]lll I_ II_I l_ll I ll[l rs I llll II llllil]l II rllllV rill, 11qlr II llrll r II _I llll II I I[ I I 1 I[I lili llllI I_ l_ll:
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I II II III I I I I I I I I lllll L J_ II I I - i Ill II II I , I I .....................

Tamurn 81_zand Smith
Davisetai, Ammons etal, Law Huff andVauohn Davisetal, Moore

Unit 1984 etal,1987 1980 1983 1981 1985a,b 1987 1988
....... .-- • .)IIJLLI. li l[ ,[ I , . I l. II I I I J__L : I : ......... , .......... ii i I

I, SOILS _,
.................... i...... i- • - - : II II I .- ! :. Ill

InfiltrationI_ta (K) om/_eo 3,0E-5toO,OE4b ....... 1,1_.2 to2,3i/

(_om,Mean. 1.NE._

-To_Po,0_'_................... ,no,'g'S " ' ,ii=,4o=,;,'-- ......, ..... ............._L I I _ : I I I I I II I II h [ IIII I II I II II I [ iI_ ii ii i I III I I I

6ff_ Po_¢Wlm) -- 0.5 .......
i _ i ii J II i , iii , I i fill ii ,, i I , i ijllii ,, , i, 'Hil l

lh IIAPROUTB

_draultoOondu_vl_" _ 2' 0_d5 ........ -- .... i .... --I L : -- ........... ' ......... 3:_3'1_4 tO '3#_3_'0 4'7SI:!(I_

(K) B,36._(for_ orWAG,O)I

2,1E-4(fornearW,O,L)I

•., T0taIP0roslty.......... --" ',30'.:_ ..... 0:2-0,04a ..... -- " '' .......... --'=" : ..... -- ............ -- " ._ . "-

Eff;_e"Po'ro¢_ (na) -- <,_ ........ : ....O',O2'"O,=h..... -- .... __ ........ .- .-

/WertgeLlneerVe'l_' _day -- '.... 0,4':0,6h ' - ....- "" ....... - ...... : -
l I , I I J , I|I [I II,, i,i L [I I ,

T;_sml.__ m%,oay........

,,,,,.,ooK.'. ' ' ' .:. ' ....",.... ',' ',."..".... '....... ...........II lltllL I

_draul_ Oond_t_ _seo 2,_E4 o ...... 4,74E.5to8,lE
(K) 6,311!-5d

Transmlsslvtty_ ...... m2/DzY'i',Sto6,20e.... -: .... " 0,32P -- 'i,3SOm;'QeomMe=_J -- _' --
Mean,3,t_ 3,0Omr(=lorlg8trlke)J
0,46to2,02 0,6(;mr( to8trlkn)J

(MatrixOnly) 3,il Ohi(alongStrike)k
1,03Ohi( toStrtke)k

_Storattvltyi8) .... -_ 3,34E-4to3,0E.2e -- -- ,o03P -- 5,0E.3(geom,Mean)t .... -, 1E-2to lE..(]
(Mazn,, 1,0E-2) 1,0E.2to1,0E.3 ,0025°

1,1E-3(Genre,Mealt)k

" -i_'ffe_Ivo'Poros_ty(no) -- ' 0,007Fr'_ures0 -- '""-- ,OO2P-' ',000'7i'' ' -- -- ,0005to,00OO
0,10BulkMatrtx° ,0025°
0,03f

i , ,, , , , i,, , , ,, , J ,J

3:1k

Dl's_ity _ meter=':. .-- . ." ",' ....... -- ........ lOP ..- .. ' - ...... _:..--" ... " -
' - Ave-r_eLinearVelocity m/day .... .--..- -" -- --

_ J J____ I , Ii . IllI

I_n_ Pe_e_I"_v m2 1,4E-12to2,8E-12 ........
(Fractures)
1,0E-14to2E-14

(BulkMatflx)
....... _ , . ,, i , , ,,_:: _ ._

AquiferDfl_less m 67e .... 24,760 -., --, .... _,,.._, , ,, ,, , ,,,,,

l_4xlonwawnmmllmdzlzfromzw_mA&ahodamrollzzmpl_humlintplIzwlt__. k l)mmnlmdfromtnm_lintIxtfmm_Inzm.ls+mpmllmofWAO¢b ffo_u_l_d_l loll._mpl__ 11,4E'II:_. I Brad_ vmtrnmmt_d,ld=Irt_n14'_C,-hortzo_soiltalym tromttvmtm;tIXts_ W_ _
o _ hem_ l_tinMl_.vI_bedrockMt_tE'tlFtt_wl_,klW/_Q6, I fromETFi_mpmtdztzu_ngnomt'ad_lze4utlo__ N_ld_¢kyI_KlrocL
d M_l(fromtdugtz$._p,=doem_lnM_m/_hbeckocgk_ETF_gllw_ls,WkQ& k FromY.t2No_Idz_kypumpl_td_=sk_gnoer._l_dz_ullon.
i) Fro_twoi_mpt_ per_rmedklIhalk_wM=_'vIebed."ock_dETF14_mdng_ solution, I Kvaluesu_KII_modlngasoriginalK• 2,1E401dno(vemk(ckz,w_m_lther4ta/Imu_lU_W),
f Oete_nln_luzingETF_i IrKwt_,tvt/o¢ltl_(0,11m/d)andml_ r,k_t_ K(0.31E'8a_'z4_)e_Jgradlwtt"0._, m M_,yv_b_od;pompmtd_ttromW_W&Bray _ _$ ii _ o_150.200'=hd44_1_'_
g Delltrninedk'oml_mlptesldalaII E_I_IIuddn(l_ddi11_1_b_id Iok_. n Dldvlldu_ngne,,._,K"1.58E'.4cm/14k_orzdtent.'0-55_,

i i i i i iiii iii[ L'--_-- iiiiiii i i

..... _,_ipi ii, i ,,,,rrl Plllr,r , II rl ii i lr Hl II lll_ii, ,,i,,, i li :i,r, I11rrlPlrl' ' IIlrlI ' I IIllll I'_ I II I IiI 'I_l' 'I']I I rI'"_ll I I Irl III lj'll I'Ii'llI I Iii _illrl rlli rl_,



Table 3.10. Summary of aquifer hydraulic properties.

,11. . , ,H, ,, L , , , • ,, ,, ...... , J, , , i i ...... ....

................. WAGODraft Roths. AliOompllud

Poreda,gaffing,and 0lapp .uxmoore,Spalding, Tuool Websterand _onnellandOhapman.Pa_orm,_eoss childot WAG6
Solomon1988 1990 andMunro1981 1084 Bradley1988 Bailey1989 M_ellng19_ nh1984n SlugTests

H, ,, i i , , u L', r, ,,,,,, ,,, +,.I ,, I, u , I ,,,, ,, r: .... 01 ,,

.................. j q u ,, ' ........................... ' - - :

--' .... t,06.3to8,t_+_y '1,07t_to3,47t-4 .- -- -- 3,49E.3to8,_.8 (M)u 1,07E,3to r --

0,,4t_ (geom,Mean) 3,49t.3to2,_6-7 (U)v 3,SE.St

, ,,=, , ::- , i, i , i .. , i ,, , =......... __ .... =' ' ' i, ,, , ,,, ,i ,,,,, , t ,, , :" : ,, , ................. _-"

...... -.- 0,30to0,476 -.-' -"

....................... (OALOl*................ +• ' ..... L. ...... '............. ... , ............ +...+ r:+ ..... " "0'7 --
.............. J_+ ill llll I li li ........ m i i l ii i lllll Jl lllJ i l Ill I ] ..... _': li I l

' ' I ' : ...........

....... ' ........... -- --. 3,63E.Oto-3,536'4' 'li02E'.Bto2,36t,3 o,4?E._to'2,3E.3(Onl) -- 2,87E,,I3=2,0if..4(Overallaeom,Mean'

1,0884(geom, 1,60E-3to2.201_.7(0mr) 7,62E-6to 9,01f-0(Omr)
Meen) 3,0_1,:.5(geom,MeanOmr)

3,71_,.3to3,60i1.ii(Onl)
3,2_t-4(geom,Mean0ni)

,i, , , l , i, iii : __ i ml ,, , i, i l. jl, ii , t ii i i i ii i i ,, , , i a _ ii Hill II " --

_ II , Ill I II I I I II I I i I I IIII I III i I I III i i _ii! al IIII I I I • _--

IIII I I I I I I i .... * I I _II j]l I II I I I | I . I ii I J i III IIIII ....

..... 2,iiB.ln ....

.................. o_ ..... : .................-- -- -- 2,43t ,A7 1,1UE,1to0,33 ....

(8,10ft2/day)

_ ........ l ,,l ,, Jt__ l , l l, i l, _I i,,,, l , ,, u, l

3,33E-4i"O'5,311_ill welloi> -- ' ...... --" '3,5211-6io'2,1)E.3 -- II:6_ii-'i)to 3,'01]E.4(Onii 1,24E-4 ......... -.- 3,011.5 (Overalloeom,Melm)
1,06.3to0,76.3(Well380)x 8,01E-0to8,3E.8(Omr) 1,1_e.3to1,70E.8(Omr)

4,97F,,.8(Overallgoom,Mean)
8,01E-4to4,20E.0(0ni)
0,136.5(OrllGeom,Moan)

: ..........

-- ....:.... -- .... -- ..... 1,0ilo2i01,39E.1"" B',3E.0'iO1_,71.5 ....... .:. ..... 4,IIE-i,n21day -- --

+

..... -- '' 1 -- ...... -- ' -- .... -- .... --_ 0,_"001 .......

, ,, , ,. ,, ,, i ii, i,,,,, i , Jl, t , ,,,i, j m L_ , ,.i,, | ,,,, ,,,

...... ,oa
li

.... =,,,,,,, , , , ,,J , i , -i , ,...., , ,i -

.... 3:1to20:1 -- -- 3:1 -- --

,. , , ,,, i, , . , ,,, , ,, , , ' ' - '"""'

....... _ ......- ........ - : ........ '. ......... - J+,ise.2 - ' -
...... ii ii II I L IIIII ........ I llj i III I iiii Iiii iiii ...... :._+

t ,,, , - , , •

_ _ _ _ _. ,, _ ,,,,, _ -- ,,..,

• o ktsumMntd_}th,na.,8, u ItN_oeofKv_ldKIl_upo_edv'_lofWAQG,
p F_mtrKwtaupwtorm_inCor_ RocksinI_ Cre_kValoy, v Pm0eotKvakm_td thinuUz_lk_mo_ngto_N w_Moo_m_eow¢o_uM)t,
q Ftonlpumpt_stsp_lonnadkl_l_ocks_6_i¢CmtkVaZky, w tkxldre=4dts.
r Remn_opm_nuremants, x _ o_lid/lP_0_d_n0dale,
i _o_l.logtsstdatafromS_NSA.7w(AlskldmM_g_ok_k)mlladaLt, y l_4tldonlnfil_Uo(Itl_llnlhrll4021t+ptotst_41nwAOIL

.':"JNa_, t 61aldonso__ onllmUa_i_mmlmatmb_ldSWSA,7;r_u_offou_purnp_l¢'_tsinshadk)wImOur+d
• _ <_l'd_, _, (M) _ 04fkddmoss,urnva,k_ (U) n,lngeotvaA_usedInmode411ng

Cmr _ Fm CN Nolk:J_:_Fm

[]

m+ .... ii .. ,rl _i ,. lr II " _i ' qr ' 4_ ' ' ' i_ ' , _i Ul lle l ....... m +r ' le ' M "
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O Table 3.11. WAG 6 regolith hydraulic conductivity dLqtributlon

- I I II ....... 1III .... III III II I Illl I I I I [ ....... mll_ II -- . J I L ±_ J LllLLI

K (ore/see)
....... _:: ......... _.. ..... _.,.t:_: ......

Geometrto Number of
Maximum Minimum Moan mean analyses

i IILLJI I I I IIiIIm ++ [I I II i I I IIII I I III III I I II III I I III I I ij i iii

Overall Regolith 3,7E-3 9,6E-6 7,5E-4 2,0E-4 25

MaryviUe Regolith 7,6E-5 9,6E.6 3,9E-5 3,1E-5 5

Nollohuoky Regolith 3,7E-3 3,7E-5 9,3E.,4 3,2E-.4 20
ppl i iii iiiiii lJ LI iiii .... iii Ii I ii iii i II I I. I i iiiii i i I i , i I i i II Iiiiiiiii J .... :

Hydraullo oonductlvltles used for oaoh well in Appendix 3A,

Note: 1 cm/sec = 2835 ft/d,Table 3,11 and 12
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Table 3.12. WAG 6 bedrock hydraulic conductivity distribution a

..... : : i i ill Lr- i ii li ii I ilJlJl,,,,,,, ,,, ............ ,, , ,, ...... ,,_ .... 1 i i i i iJllll

K (cm/s_)
............................. Number

Unit Depth Geometric of
Maximum Minimum Mean mean analyses

. . ii I i ] i i i i Jl iiii i -- iiii I ii I I i i L )li ,. IIll Iii

Ali Be,drookb 1.9E-3 1.9E-9 1.0E-4 3. lE-5 68

Maryville LS (Overall) 1,9E-3 1,7E-8 1,5E-4 4,9E-5 45

Upper 50' 1,9E.,3 1,5E-6 1,8E-3 4.8E-5 35

51-100 ° 2,2E-4 1.5E.6 6, lE-5 2,9E-5 14

101-200' 4,9E-5 1,7E-3 2, IE-5 2. lE-6 4

> 200' 2,9E-5 7,6E-7 1,6E.5 7,3E-6 3

Noliehucky Shale (Overall) 5,0E-4 4.2E-6 1,5E-4 8, lE-5 19

Upper 50' 5,0E-4 2.4E.5 1,8E-4 1,3E-4 15

51-100' 2,1E-4 2,4E-5 1,8E-4 9,7E-5 4

101-200' 6,6E-5 4.7E.6 3,5E-5 2,2E-6 3

_: 200' 4.7E-( 4,2E-6 4,5E.6 4,4E-6 2

Rogei'svllle Shaleb Overall 2.3E-8 1,9E-9 1,3E-8 6,6E-9 2

aFrom WAG 6 slug test data only except where noted; does not Include well st_reans straddling regolith
and bedrock,

/'Includes HHMS well cluster slow recovery data.

Note: 1 cm/sec = 2935 ft/d
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• Upper50 ft ofsaturatedbedrockonly.
" LabelscorrespondtoflowlinesshownonFigure3.49.
o Averagehydraulicgradientalongthe lengthof flowlineshown.
_:Effectiveporositybaseduponaquifertestingresults(TamuraetaL 1980).
• Effectiveporositybaseduponaquifertestingresultsat ETFarea(Daviset aL 1984).
f Groundwaterflowonlyoccursinbedrockin the area.

i Ri ii1,, ,.m. i iiiii ii i , ii ii
5,18 4104.6

....,,.....,rJ..... If'li.... I_.....I......... rr'tr,....ii_,"rl.........lr iiii........ ,l_...... III',_',lIll''r'll!......ii" ,r,,,,r,lr!ll,,,lllql......r_ll,rrl" ,,' '!,r',rllllp......,........



Table3.13. WAG6 averagelinearvelocitiesby flowline.

-- Illll I I I I II ............

BEDROCK'

GEOM.MEAN AVG. AVG.
WELLSUSEDTO HYDRAULICHYDRAULICEFFECTIVELINEAR LVNEAR

DETERMINEGEOMETRIC CONDUCTIVITYGRADIENTcPOROSITY'VELOCITYVELOCITY

MEANCONDUCTIVITY (crNsec) (m/day) (m/day)
379, 380, 739, 858, 860 8.6E-5 0.0535 .03 0.13 0.13

855, 856, ETF-1 through -9,-11,-121-15 1.2E-4 0.0714 .03 0.25
6421745, 833, 654,851,852, 854 1.65-4 0.0464 .035 0.22 0.26

,,, , , , , ,

65, 54, 853, 8545 1.95-4 0.0625 .03 0.34
642, 849, 851,853,854 9.45-5 0.0482 .03 0.10

642, 654, 381,849 9.0E-5 0.0397 .03 0.10 0.10
381,642, 654, 849 9.05-5 0.040'3 .03 0.10 _
637, 638, 639, 832 ..... 2.35-5 0.i000 .03 0.07 0.07

..... ,,

385, 640 4.15-5 0.0811 .03 0.10
640, 655 5.35-5 0.0769 .03 0'12 0.10

637, 6_38,639, 832. 846 2.1E-5 0.1429 .03 .09

843, 844, 374 1.2'5-5 0.1096 .03 0.34 0.04
368, 840, 841,842 1.45-4 0.1045 .03 0.42 0.42

371,644, 839, 840, 845 1.65-4 0.0769 _03 0.34 0.20
644, 845 . 8.2E-5 0.0513 .03 0.12

384, 382, 653 9.5E-5 0.0360 .03 0.10

653, HHMS-4C, HHMS-5C 1.6E-4 0.0676 .03 0.31 0.18
381,383,652, 839 8.7E-5 0.0714 .03 0118

371, 381, 644, 839, HHMS-4C 1.05-4 010541 .03 0.16 0.28
381,381,644, 839, HHMS-4C 1.0E-4 0.1707 .03 0.49
MEAN 7.81E-5 0.07953 .03 0.15

, , ,,

i OVERALL MEAN OVERALL
i GEOMETRIC MEAN EFFECT.GEOM.MEAN

MEAN GRADIENTPOROSITY LINEARVELOC.(m/d)
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O Table 3.14. Statistics of flows at the USGS gaging stations in WOC basin through 1981

USGS Discharge ¢cfs)
gaging Tape of Periods(s)
station Station Drainage gage of record Mean Max. Min.
numbera number area (f_2)

035650 2 2.08 Water stage 1950-55 3.9 616 0.7
recorder

035370 3 3.62 Water stage 1950-53 9.6 642 .9
recorder and 1955-64

Cipolletti weir 1978-81
I

035375 4 1.48 Water stage 1955-64 2.5 242 0
recorder and 1977-80

v-notch sharp-
, crested weir

035380 5 6.01 Water stage 1953-55 13.5 669 0
recorder 1960-64

O 1977-79

Source: Webster and Bradley. 1988. Hydrology of the Melton Valley Radioactive Waste Burial Grounds
at Oak Ridge National Laboratory, USGS Open-File Report 87-686, Knoxville, Tennessee'.

Mean discharge for stations 3, 4, and 5 includes 3.5 cfs imported water.

aLoeations shown on Fig. 3.5.1.
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' Table 3.15. Monthly flow statistics of Clinch River at

Melton Hill Dam (Tailwater), Water Year 1988-1989

Mean Maximum Minimum

Month (cfs) (cfs) (cfs)

October 1988 1,922 5,140 400l

Nove,,_ber 1988 1,363 5,120 0

December 1988 1,874 4,740 400

January 1989 6,727 11,600 2,070

February 1989 7,371 14,200 433

March 1989 , 3,299 10,500 0

April 1989 1,571 5,650 400

May 1989 5,678 13,000 833 O

June 1989 9,728 19,100 317I!
I

I1

! July 1989 6,606 10,900 1,250
i
-i

August 1989 6,099 8,380 1,270
li

September 1989 6,736 10,500 0

,|
Annual 4,895 19,100 0

i Source" USGS. 1990. Water Resources Data, Tennessee Water Year 1989, U.S. Geological Survey,

Water-Data Report TN-89-1, 1990.
!
i

! :

e

ii
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O Table 3.16. Design characteristics of flumes

Drainage Flume type Throat size, in. Channel bank-full Operational flow
capacity, cfs range of flume,

cfs

I DA Parshall 18 23.0 0.15-21.0
i

DB Parshall 6 288.0 0.05-3.9

FA Trapezoidal 2 1.3 0.022-0.95

FB Parshall 6 13.0 0,05-3.5

O
i
i

|
|

!
i
I
Io
1
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Table 3.17. Storm rainfall, runoff, and peak flow rates

i m i

Storm runoff (in.) Peak flow (cfs)
i _ li li ---

Storm

i rainfall

Date (in.) DA DB FA 1_ DA DB
FA FB

i 4/28/90 0.69 0.04 0.I 1!
I

5/17/90 0.82 0.26 0.23 O.lO O.17 4.21 2.19 0.42 2.0

5/20/90 0.33 0.04 O.19

5/27/90 0.58 O.17 0.53 2.74 1.9

O

0
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O Table 3.18. Base flow measurements, RFI surface water samplinga

Location Feb 8-9 April 18-24 May 9 Sept 5-6 Sept 25-27

Subarea A

WEWB ..........

SWA1 ..........

Subarea B

SWB 1 -- 0.02 10.7 ....

Subarea C

SWC 1 ..........

Subarea DA

W49TS b 0.24 0.11 0.14 0.060 --

WDA1 -- ' 13.2 68.2 ....

Subarea DB

WDB1 .... 10.1 ....

0
Subarea FA

WBAB2 ........ 3.23

WBAB1 .... 0.5 ....

WBAA1 ..........

WFBAI ..........

Subarea FB

WFBB3 ..........

WFBB2 .... 1.3 ....

W49TN - ..........

WSP1 .... 25.3 _- 1.32

WF'BBI .... 2.9 .... :

aFlow rates are given in liter/second due to low flow rates; IL/sec = 3.53E-2 cfs.

i bFrench Drain outfall.

i -- Not measured.

0
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TabAe3.19. Modeled yearly water balance values

Surface
runoff

Surface Deep plus deep
Precipitation runoff ET percolation percolation

Year (in.) (in,) (in,) (in,) (in,)

, 1981 443,7 5.4 30.0 4,2 6.9

1982 52,6 I1.7 30.3 10.9 22.7

1983 41.6 8.8 26.3 6.4 15.2

1984 50,9 14.3 29.3 7.5 21,8

1985 39.8 , 6.6 29.5 3.4 10.0

1986 38,5 7.2 26.7 5.1 12.3.m

=

1987 45.3 9.9 28.3 7.1 17.0 I_

J

" 1988 45.1 10.8 28.5 4.8 15.6

1989 64.5 17.3 32.7 14.6 31.9

- 1990 63.5 19.2 32.4 11.6 30.8

1
I "

I
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Fig.3.11. WAG6 hydrogeologiccrosssectionA-A'.





Fig.3.12. WAG6 hydrogeologiccrosssectionB-B'.
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Fig, 3.13. WAG 6 hydrogeologic croassection C-C'.
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MAP
UNIT SOIL TAXONOMY

, J ' i ii ,11

1 l TYPIC DYSTROCHREPTS; LOAMY-SKELETAL, MIXED, THERMIC, SHALLOW.

2 _ STEEP AND VERY STEEP SIDE SLOPES WITH DOUBLY CONVEX SLOPES. SOILS ARE
MOSTLY TYPIC DYSTROCHREPTS; LOAMY-SKELETAL, MIXED, THERMIC.

(BERKS-VARIANT SERIES).

3 _ LONG NARROW SIDE SLOPES WITH SLOPE GRADIENTS MORE THAN 12% AND
NARROW DOUBLY CONVEX UPLAND SUMMITS. SOILS ARE MOSTLY RUPTIC-ULTIC

DYSTROCHREPTS; LOAMY-SKELETAL, MIXED THERMIC (MUSE SERIES).

4 r--] BROAD UPLAND SUMMITS AND BROAD SIDE SLOPES WITH SLOPE GRADIENTS
I,.,....,...,I

BETWEEN 6 AND 12°/,=,,AND DOUBLY CONVEX SLOPE CONFIGURATION. SOILS ARE
MOSTLY TYPIC HAPLUDULTS; CLAYEY, MIXED, THERMIC (MUSE SERIES).

5 _ FOOT-SLOPES WITH MOSTLY DOUBLY CONCAVE SLOPE CONFIGURATION.
SLOPI=..SRANGE FROM 6 TO 20%. SOILS ARE TYPIC FRAGIDULTS; FINE-SILTY,

MIXED, THERMIC (LEADVALE SERIES) AND TYPIC HAPLUDULTS; FINE-SILTY,
MIXED, THERMIC (SHELOCTA SERIES).

6 _ DRAINAGEWAYS WITH MOSTLY WET ALLUVIAL SOILS THAT CLASSIFY AS TYPIC
OR AERIC FLUVAQUENTS; FINE-SILTY, MIXED,THERMIC (SERIES NOT

DESIGNATED).

7 _ DRAINAGEWAYS THAT HAVE BEEN FILLED WITH DEBRIS FROM LAND CLEARING
ACTIVITIES OR WITH EARTH MATERIALS FROM 'TRENCHING OPERATIONS

(UDORTHENTS).

8 _ FOOT-SLOPE LANDFORMS THAT HAVE BEEN FILLED WITH DEBRIS FROM LAND
CLEARING ACTIVITIES OR WITH EARTH MATERIALS FROM TRENCHING

OPERATIONS (UDORTHENTS),

9 _ BROAD, NEARLY LEVEL UPLAND SUMMIT, PLUS SHOULDER AND SIDE SLOPES
WITH GRADIENTS OF 6 TO 20%. THE SUMMIT SOILS FORMED IN

LOESS/ALLUVIUM/SHALE RESIDUUM, WHEREAS THE SIDE-SLOPE SOILS FORMED
IN ALLUVIUM/SHALE. SOILS ARE TYPIC PALEUDULTS; FINE-SILTY AND CLAYEY,

SILICEOUS AND MIXED, THERMIC (TURBEVILLESERIES).

10 _ LOW UPLAND WITH SLOPE GRADIENTS BETWEEN 6 AND 12% AND MOSTLY DOUBLY
CONVEX SLOPE CONFIGURATION. SOILS ARE MOSTLY RUPTIC-AQUULTIC

DYSTFIOCHERPTS; LOAMY-SKELETAL AND CLAYEY, MIXED THERMIC (SERIES NOT
DESIGNATED).

11 [mm TOE-SLOPES WITH SLOPE GRADIENTS OF 2 TO 6% AND DOUBLY CONCAVE SLOPE
coNFIGURATION, SOILS ARE MOSTLY AQUIC HAPLUDULTS; CLAYEY, MIXED,

THERMIC, (TUPELO SERIES)

Fig. 3.23. WAG 6 soil map. Sources: Lietzke, D. A., and
' S.Y. Lee. 1986. Soil Survey of Solid Waste Storage Area Six,

ORNLfFM-10013, Oak RidgeNational Laboratory,Oak Ridge
Tennessee. Ammons, J, T., et al. 1987. Characteristics of Soils
and Saprolite in SWSA 6, ORNIJRAP/LTR-87-84,Oak Ridge
National Laboratory, Oak Ridge, Tennessee.
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_i _ _I NOTE_ I. ALLCOORDINATESAREBASEDON
THEORNLGRIDSYSTEM,THEANGLE
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Fig. 3.28. WAG 6 maximumhistoric water level fluctuation.
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_ I.ALLCOORDINATESAREBASEDON
THEORNLGRIDSYSTEM. THEANGLE
OFDECLINATIONOF THEORNLGRID
"rOTRUENORTHISTAKENFROMTHE
APPROXIMATECENTEROF THE WAG.

i.CONTOURSSHOWNAREBASEDON
INTERSECTIONOF FIGURES3.6& 3.27.

2, CONTOURSSHOWNREPRESENTHIGH
SEASONALWATERTABLECONDITIONS
(i.e., FEBRUARY1990)
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Fig. 3.31. WAG 6 saturated regolith thickness,
February 21-22, 1990o
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Fig. 3.32. WAG 6 vertical hydrau|ic gradient distribution.
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NOTE
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Fig. 3.33. Hydrologic condition of trenches
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Fig. 3.34. WAG 6 trench groundwater interaction map,
February 1990.
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DATE DEPTH(FT) HYDROLOGIC DATE DEPTH<FT) HYDROLOGIC
PLOTo _ELL...o SAMPLEDT/SCR___EENB/SCREENUNIT _ _ SAMPLEDT/SCREE_.__NN_ UNIT

I 225 4/89 7 22 I 19 T45 6/90 35 60 5
2 227 4/89 2 7 4 20 831 6/90 24 50 2

)0 \ / I00 3 228 6/90 2 7 4 21 832 6/90 58 86 24 229 6/90 3 8 4 22 833 '6/90 I0 3I 5
5 231 4/89 4 9 4 23 e3e 6/90 5 22 6
6 233 4/89 7 22 2 24 839 6/90 25 56 5
7 1234 6/90 128 148 2 25 840 6/90 I1 27 2
8 1249 6/90 55 70 2 26 84t 6/90 36 56 2

/, 80 9 1236 6/90 141 161 5 27 842 6/90 8 23 2
I0 1237 6/90 42 57 2 28 843 6/90 4 19 3
li 1238 6/90 131 t5l 2 29 844 6/90 25 52 2

12 1239 6/90 135 155 2 30 845 4/89 19 40 3

I3 1240 6/90 8 23 I 31 848 4/89 lO 32 3

/ 60 14 124I 6/90 15 35 2 32 849 4/89 II 33 3
15 1242 6/90 12 27 2 33 850 4/89 6 22 3
16 1243 6/90 [2 27 2 34 85[ 4/89 4 20 6
17 1244 6/90 9 24 2 35 852 4/89 5 22 6
18 1245 6/90 38 58 2 36 653 4/89 5 26 3

37 854 4/89 5 27 3

r_+u_ 38 855 6/9o 30 52 2t9 B56 6/9o 5_ Bl 2
40 857 6/90 50 70 4
41 858 6/90 85 106 5

20 42 859 6/90 5 26 4
/ 43 860 6/90 34 62 5

44 HHMS-4A 7/87 380 400 2
45 ' HHM_,'4B7/87 174 215 5
46 HHNS-4C 7187 41 , 62 5

0 47 HHNS-5A 7/87 380 400 2
/ 48 HHNS-5B 7/87 ]96 219 5

49 HHMS-5C 7187 42 63 5
50 HHMS-TA 7187 380 400 7

_ I00 51 ETF-t lO/SO 25 29
52 ETF-2 to/so 2B 32
53 ETF-3 10180 27 31
54 ETF-4 10/80 27 31
55 ETF-5 10180 26 30

\ 80 56 ETF-6 10/80 26 30

57 ETF-7 10180 26 30

58 ETF-8 10/80 25 30
59 ETF-9 10180 27 31
60 ETF-lD lO/B0 27 31

.__ 6 61 ETF-li lO/SO 42 50
62 ETF-t2 tO/SO 42 50

SO_ 63 ETF'f3 6190 241 251 2
64 ETF'I4 6/90 85 95 2
65 ETF'15 6,'90 37 47 2

_ 40 66 HHMS-6A 7/87 360 400 5
67 HHNS-6B, 7187 275 295 5
68 HHMS-6C 7/87 158 178 5
69 T-36 10189 12 17 4
70 T-20 10189 6 11 4

20 71 T-IS 10189 2 7 4
72 T-t7 10/89 6 I1 4
73 T-lO 10/89 17 22 4
74 T-7 10/89 4 9 4
75 T-I 10/89 4 9 4

_ 0 76 TARA-3 11/87 32 52 2

/ 20 / 40 / _0 / 6680 / I00 / 77 TARA-4 11187 35 55 278 TARA-6 11187 41 61 2
79 TARA-8 11187 16 36 2
80 TARA'9 11187 17 37 2

OI _ 81 TARA'lO ll/BT IT 37 2
"'- 82 TARA-II 11187 27 47 2

83 TARA-12 11/87 8 28 2,'

84 367 11187 59 69 2
85 646 11/87 29 39 2
86 S-ll 3/87 30 45 2

! ,i IIII III I I I I III

Fig. 3.38. WAG 6 aquifer geochemistry.



13- o
- D

12-
- n O

11 o
- rh 0X

10 u _ ,n .
- oo D

9 o n o

8- uuu

¢°
-*_ ° 0 D

6- [] =

4 ' ' I I I I 1 I = I I I I I I = I I I I I I I I I I q
0 100 200 300 400 500

BASEOFSCREENDEPTH(ft)

Q

[3 MARYVILLEBEDROCK

li MARYVILLEREGOLITH

Vl MARYVILLEREGOLITH/BEDROCK

O NOLICHUCKYBEDROCK

, NOLICHUCKYREGOLITH

@ NOLICHUCKYREGOLITH/BEDROCK

x ROGERSVlLLEBEDROCK

@
,,, _" Fig. 3.39. WAG 6 groundwater pH versus depth.

5,_sv4_o4,ns

-1 ....
,it,Ii I , , ii lp ipl ,, iiiI i, ql ,elli , 1MIt i,rl,rI 'qll' ,irll



10 2_

I0
z

i

""E n

o E
E w Oo

- oOO o []
z [] 0

_ orn
z

@ lo., _ , []

I "®
10"2" = i "T I I I I' I I I I _ w "'= I I ....I'- I 1 I I I l i I

0 1O0 200 300 400 500

BASEOF SCREEN DEPTH (ft) ,,

[] MARYVILLEBEDROCK

I MARYVlLLE REGOLITH

[] MARYVlLLE REGOLITH/BEDROCK

O NOLICHUCKYBEDROCK

, NOLICHUCKY REGOLITH

NOLICHUCKY REGOLITH/BEDROCK

x ROGERSVILLE BEDROCK

@
Fig. 3,40. WAG 6 groundwater specific conductance versus depth.

5.18F4104.178A



102-

n 0

E I0
C)

L/_ _ O
E

C..) ,w. - x X 0
0

I- o o_'-_L.LI ': o _o o o []

n ..=_ --l_j_oci._ o o
_-- mo o ofj _ • , o oo

0 o

_10-i- ,
- 0

-

10-2 ...... i .... I " 1 i I i I' i 1 ' I 'l I ' I i I
4 5 6 7 8 9 I0 11 12 13

pH

LEGEND

o MARYVILLEBEDROCK

• MARYVILI.EREGOLITH "

MARYVILLEREGOLITH/BEDROCK

o NOLICHUCKYBEDROCK

• NOLICHUCKYREGOLITH

NOI.ICHUCKYREGOLITH/BEDROCK

" ROGERSVILLEBEDROCK

WAG6 06F325.DON

9-4 Fig. 3.41. WAG 6 groundwater pH versus

specificconductance.

=1' ' mlr'_,lal'i ,irl , ,,,,r , m ', ....... _re ,_ 'lllp,I ' ',, " , ql,, ,r,, ,, ,r, _a r,, rp 'I_ s_rqlu ,i, _,, ,_,,- , ar ,_',,,



O I I II II F

I--
0 C_ LI. -- L_-s

,I-- I [] _ _ -- 1L'VUYJ

•I----- C_. -- II'V|IVI
1_ 0 LId -- _vuv_

i IJJ
+------ I _j _ m -_ --,..v,v._

+-------. I -- C'VUY.L

•I. I -- I_'SI_IIi I
m I -- Vll'Sflllll
m -- _l'OL.:l
I -- I,L'dl,.)

I I -- _t,'dLI

I -- Ot';ll.:l : N
4--1 -- t"Jl:'l

,41.-- I

•t------ i -- l'.-Ii:J • ,,,,o

_1 _ .q"JL-_

- I -- c':11-.1"_-- - I -- i_':ll:l _J

"I------- I -- ¥I'$NIIII41
"-- Dq'_NIII

l I -- I_'SNIIII rr'

---0119 _,.,,,,,

:--3- ",,, _ ._i --m

L------ , I --,_ m
m i --m _

"- ' ILl

.--- , _ _ -.,I

I n ILl _,_

•--,_ -,- ,,
:,, oI., "'o _ _-_'.,' .,_ 7 Z

'_'-- I I -- il_ili

' L --k'zL
I --- O_L
I I -- IOi_l

-- I -- leVI
m -- llliilI,

I -- II)ilk
1......

I + l -- Ll:_I

I -- I_il&
'_"I "-- ,_ill

-,, ,,,, ,,T,,, _,,, ,,i,,,,,,,,,I,,,,, r,,, i,,,,'_,,, ,l,,,, ,,,',,--
0 0 0 0 0 0 0

r.

(1l)NOIZVAEI'I_



lp' 111...... _ lp.... r_ ,,,, I_' ,_" " .... im,rli '"_ ,l_P, II, ',,_ ,'I, 'I!_ '_* qp,r,,,,impll lr .... II"' x'"" '"Iii''" ,rr'i_ ,, ,,,,,,,", 'I'I" "_' "" I'I II U '," " ,',,Iltll"



' "'"'' " '" " ' ' ' '"' "" NO S ' '"

¢_._ !_ _ . TE.

! I.ALLCOORDINATESAREBASEDONTHEORNLGRIDSYSTEM,THEANGLE
_ EMERGENCYJ OF DECLINATIONOF THEORNLGRID.. ., WASTE (

T'_ASIN '.' TO TRUENORTHISTAKENFROMTHE
/ : /./ APPROXIMATECEN'rEROF THE WAG.o_

'_, ('" 2. ALL VAJ.UESSHOWNARE INUNITS
_o ':'_ OF !O"bom/BeO.

e,35_>

oo. ' 3. HYDRAULICCONDUCTIVITYDATA
. 3._6 srr TABULATEDINAPPENDIX3A.
oT ¢/. 4>

J68

'_ LEGEND
;, m m" WAG6 BOUNDARY

i_ O,44 ,,

®aV,,f34,20 , ,/ :'":_::', MARSHY AREA
q ,4

TRIBUTARY

o. ,,,
,_._¢,_. ¢.,.,,./ WATERBODY

_o:_ !_1}¢ / HYDRAULICCONDUCTIVITYDATALOCATIONSBY UNIT

-/'--"'" SOIL/OVERBURDENON
qt /,, N J

' " NOLICHUCKY\ ., _ ".N t
s

" ,' @ NOLICHUCKYBEDROCK
50,10 1

.........--"_'IE), ,' * a SOIL/OVERBURDENON
% i/

, , MARYVILLE
01" ]0,00 ,' ,,_._a_-+c T.__TJ.'" .- ,

........ ""'----" ¢ MARYVILLEBEDROCK'_>-IkIw:_,,.-.,,,,.,_, ,,.-
.... i

i - ', CREEK" ,,9 TESTINTERVALSTRADDLED
_ _ _o.7o ® BOTHOVERBURDEN

_x_ AND BEDROCK
.I ... I Oz¢/7-5C 9,IO

ew_,_'" " [] ROGERSVILLEBEDROCK

.,"" t ,' I __ WELL NUMBER

,..' HYDRAULICCONDUCTIVITY
w "" "

•'" SCALEIN FEET
,"" 0 350 700

.... I I
A,,_-.t,,,o,,_ 0 75 150

'4_'_"_ SCALEIN METERS
6,60AM6'-_

I II '111II I I I II • I I III I

Fig. 3.43. WAG6 hydraulicconductivitydistributionm_



, , , ,, _h , _l , , ,, , , _ ,

{
I

• i- I I I . III I I I III _ III i II III IIi ............

m MARYVILLEBL-'DROOK
rn MARYVILLERiEGOLITt-I

" MARYVILLEREGOLITH/BEDROOK
o NOLICHUOKYIBEDROCK

g( NOLICHUOKY_REGOLITH
• NOLICHUCKY REGOLITH/BEDROOK
x ROGERSVILLf:BEDROOK

10"1 ._
E

ld_-

- ,,I,

ld 3 _
, E •

lo'
._ u 0

@ o o ',

o 0
m"_ =. ml_ D

-' D
D e i rl
>" ld --
m _ [] u

-i

ld" z

x
El

,ld 8

o

[m

16 o -1 i"i-i 1 i i i i 1 i"i I'T'TT_-I i i' i i i i i i i i 1-i i I i 1 i r--rt-T-i i i,i i i, i i i i I
0 100 200 300 400 500

BASE OF:SCREEN DEPTH(FT)

,0
..... I I _ I IH Iii I I ii li liill II lllll I I

5,tl]F4104,174 Fig. 3.44. WAG 6 hydraulic conductivity versus depth plot.
Adapled ft'ore WAG 80eFI72,DGN



ORNL ORNL
GRID STORMFLOWZONE GRID

NORTH SOUTH

TRANSIENTPERCHED
STORMFLOWWATERTABLE

UNSATURATEDZONE

' WATERTABLE

).. '........ '!.,..: SATURATEDZONE

'" _

. _ WET-WEATHER

' ' } 1" _ '. i I ::".ZI_' SPRING

' i. CREEK '
1

I "" i. ", ! :. :

DIPSECTION

0 STORMFLOWZONEW.... TRANSIENTPERCHED _ .-
_ STORMFLOWWATERTABLE _ UN_A1D_gRsA_,ED ORNL

WATER'rABLE .__-__ _"__ /
,,. ,_f" VADOSE '_._,,'2(,

SATURATED _'_._<" _.,.---""""_ ,._ / \ \\

,--_ "_-, % .,.!,:::: .... ........... ". " '.... ....i:.. "%

FRACTUREFLOW
MATRIXFLOW

STRIKESECTION

NOTTO SCALE

I_ I i ,. Fig. 3.45, Groundwater flow at WAG 6. Source; Modified after Moore, O K, 1991 Personal
communication, Oak Ridge National Laboratory, Oak Ridge, Tennessee,

0,10 4104,9

q'rl.... " .... 11'r ..... III"='_ ........ ,r 11 r, ,, ' i, ifp, .... _rllr' II[' 'Ir_' '" i, ,i,r "II_I[I,



.... IIII II III ....... II ............... II I I IIIII lllll I I II I..................... ............... i. ,= ..... , ,.,,, ,, ,, ,,, ,,

A I WAG6 BOUNDARY'_',

_ NORTH 267
BRR RR"/ t236 379 T-27 85c,860

,. oo ®,_-_378

" ' _ _ 820 -"---"-

" z 740
o

700 "_"_---,_,o

_2o , -

.............. II II I I I I I I I I I II J I]11 • '1 I II I

WAG6 06F326.DGN
9"4

_'



li ............ I III . _Ai __ II II I " I I I II / III Ii ' "' .............. I I I I

LOCATIONMAP

NOTE

CORRESPONDSTOHYDROOEOLOOIC

SOUTH LEGE_

380 740 74[ ® RAPPIEZOMETER

0 ® ® ._. ORNLWATERQUALITYMONITORINGWELL

]_ 860 0 PIEZOMETER

WH_!EKKEO_K..._I 820

780 _ RFIWATERQUALITYMONITORINGWELL

700 • INTERIMWASTEMANAGEMENTFACILITYPIEZOMETER

660 POTENTIOMETRICSURFACE
620 _ _v.__ BASEDUPONMEASUREMENTS

MADE2/20-22/91(ASSHOWN
ONFIGURE3,27)

b WELLSCREENINTERVAL

---Tso--EQUIPOTENTIALLINES

INFERREDGWFLOWBASEDUPON
EQUIPOTENTIALLINES

SCALEINFEET
0 lO0 20O
i I I
l.... l -- l
0 25 50

SCALEIN METERS
(NOVERTICALEXAGOERAIlON)

.... . IIII I III I I II _ -- I irl I I III Ii iii

Fig.3.46.WAG6 north.southconceptualized
groundwaterflowdiagramA-A'.



--- "l IIllll IIIIII IIII I III III I I II I I I II . I IIII II I I I II I III I

C I......... WAG6 BOUNDARY
NORTH

t---.COVER*2-"t .--COVEI

648
846 65G385 1225 HHMS-7 lOB 84B HHMS-B
- e.,o A ® o

i IFII!! b900 -

m 800
Z

_ _oo
z_ 600

::-" 500

_ 4oo

LEGEND

--V--POTENTIOMETRICSURFACEBASED ® RAPPIEZOMETER
UPONMEASUREMENTSMADE2/20-22/91
(ASSHOWNON FIGURE3.27) _" ORNLWATERQUALITYMONITORINGWELL

6 WELLSCREENINTERVAL 0 PIEZOMETER
--_--- EQUIPOTENTIALLINES

-_ RFI WATERQUALITYMONITORINGWELL= INFERREDGWFI.OWBASEDUPON
EQUIPOTENTIALLINES a HHMS

I

WAOG OGF327,DGN
9-4

i

....... III I IIIII r I I II/li I .................... I ' L I III



I I I I¸ II

C'
SOUTH

HHMS-4 HHMS-5 HHMS-6 iC'_5-_ DRAINAGE a a a

DA A /C (PROJ) AI /B (PROJ) A (PROJ) B(PROJ)

1 C(PROJ) B C (PROJ)

1231 1235 351 I_ WHITEOAKLAKE

900 --
.,_1

8oo

700
5O -

__ "_5-_ 600 ,-.,
-IL _ .<

500 >"
_ ,_J

I 1- - "'? - 400

NOTES

I.HYDROGRAPHSFOR DEEPWELLSHHMS-BA,BB,4A,5A,AND6A
INDICATETHESEWELLSARESTILLRECOVERINGFOLLOWING
INSTALLATION(SEEFIG.3.30)ANDHAVENOT YETEQUALIZED. SCALE IN FEET
CONSEQUENTLYINTERPRETATIONSOF FLOWATDEPTHARE 0 400 800
UNKNOWN. I I I

r I I
2. FLOWDIAGRAMORIENTATIONCORRESPONDSTOHYDROGEOLOGIC

CROSSSECTIONORIENTATION. 0 100 200
SCALEIN METERS

....
I --

Fig.3.47. WAG6 north-southconceptualized
groundwaterflowdiagramC-C'.

_I Irl lr ,, ,I,,ii q ,r,i ID'II I'll' lq 11)'II ' ll'



II I II I

I

F I

r -- WAG6B,
WEST

648
(PROJ)

641 832 831 639 109 108 (PRO

°' °"°,f _ - J
" _ 840 DRAINAGE

760- _e- , =-
Z

o 720-_
'-- 680
"' 640"J
"' 600"

LEGEND

-_- POTENTIONETRICSURFACEBASED ® RAPPIEZOMETER I.
UPONMEASUREWENTSMADE2120-22/91 _:
(ASSHOWNONFIGURE3.37) _ ORNLWATERQUALITYMONITORINGWELL

h WELLSCREENINTERVAL 0 PIEZOMETER
EQUIPOTENTIALLINES

"_ RFIWATERQUALITYMONITORINGWELL
- _ INFERREDGWFLOWBASEDUPON

EOUIPOTENTIALLINES
i ,, i _ ilililli i

)

WAG606F:328.DGN
J

/

IPIIP_II' _ m _r, ,qf , _11, ....



}UNDARY =I F'
EAST

CAP e3---I UNNAMED
DRAINAGE

650A/B /
J) 842 841 \ 1244 1079 1078

800
.... -- I-"-

- " "720 z
- 0

_--eoo 1640 >-

--600 uJ

NOTE

owDIAGRAMORIENTATIONCORRESPONDSTO
"DROGEOLOGICCROSSSECTIONORIENTATION.

- SCALEINFEET
_' 0 200 400

1 I
| I I

•_, o 50 loo

SCALEIN METERS

I Fig.3.48. WAG6 north-southconceptualized

groundwaterflowdiagramF-F'.

[

|

!_ ' ' nllllp IlH'



I I II II I III I I I I ' I [

N,_7oo_

N17350
:lm,'

/

NITO00

Nt6650

NI6300

Nl5950

NI5250

I I

WAG606F329.DGNB
9-9



I II I I I I I ¢'_ I I I II

NOTES

_ ml i il I. ALL COORDINATESAREBASEDON
° _ . THEORNL GRIDSYSTEM, THEANGLEi

/ OF DECLINATIONOF THE ORNLGRID
f TO TRUENORTHIS TAKENFROMTHE

APPROXIMATECENTEROF THEWAGi

iI

2. FLOWLINES LABELEDCORRESPONDTO
THOSELISTED IN TABLE3.13

3. HYDRAULICCONDUCTIVITIESFOR
# LOCATIONSSHOWNARE PRESENTEDON

ONFIGURE3.43.

J
LEGEND

WAG 6 BOUNDARY
I

! _ZZZ_ZZ,MARSHYAREA
/
! _ WATER BODY

AREASWHEREWATERTABLE

i _ IS BELOWTOP OF
,/ .... ,-,, BEDROCKDURINGHIGH

,,, _ --,._ WATERTABLECONDITIONS
i

' ,, AREASWHEREWATERTABLE

F_ IS BELOW TOP OF BEDROCK
/ _ DURING SEASONALLOW

, _ / t_t..,_- WATERTABLECONDITIONS
a $

, / /
' m / -- ASSUMINGMEAN 6,7'

_ ,_'" .-"-. ,' .,- / SEASONALFLUCTUATION
• / /

/ /
', CREEK / / /._;j POTENTIOMETRICCONTOURS

_ _ ', / z (2/21/90)
_:_ ,,, i /

i ¢, f
,' / ¢%

,,' / /, /
," / /

,, ,' / /
... ,' / /

....-" _ ,,' / /
,"I/

..." //
," //

"" / / SCALE IN FEET
.'" /"_/ 0 350 700

'" _-' zt/_ 0 175
/ _ _" SCALE IN METERS

II II I I I I I

Fig. 3.49. WAG 6 shallow groundwater flow lines.

I
!



t =

pl ,1pl, lT



NOTES
I EMERGENCY

WASTEBASIN I,ALLCOORDINATESAREBASEDONTHEORNLGRIDSYSTEM,THEANGLE
. _ OF DECLINATIONOF THEORNLGRID
/ /" TOTRUENORTHISTAKENFROMTHE

/ / 7 @ APPROXIMATECENTEROFTHEWAG.'

/ / / 2.MAPCONTOUREDUSINGAPPROXIMATELYEQUIVILENTDEEPWELLDATAFROM
/ / / HHMS-CORB WELLS,DEEPETFWELLSANDDEEPRFI WELLS, VALUESIN

/ / / / / ITALICSAREPOTENTIOMETRICVALUES

_8"01 FROMDEEPERWELLOF ORNLWATER,*# _ 0 97 / / / QUALITYWELLPAIRS.

I I 1_z.e9

..// I / I- , / LEGEND
\\ / I I_9L,$6.1o

_" / /ZII_759.04 -I_ ORNLWATERQUALITY
/\\ _776.4U ,"1234 _ MONITORINGWELL

_X_I" ./ j /I 757. 6.9 DEEPWELL(OFPAIR)
"" _ ] WATERLEVELELEVATION

/_--_x I LI 759.04 DEEPWELLWATERLEVELELEVATION

_FO_OC_WA___• L_V_L_WTIO_CO_TO_
........,,...._-

--800,._ DEEP

1 f,_ ,_f39 /" , - DIRECTION

APPROXIMATEFLOW

/ ......,..........33,_ "@iii:' MARSHYAREA

._ _ WATERBODY

,//75" _"_

_....=-...---......--_</ _

,,., .-'" 747.56

i Fig. 3.50. WAG 6 approximate deep groundwaterpotentiometric map, February 20-21,1990.



DAM

JONESISLAND

WHITEOAKCREEKBASIN CLINCH RIVER

MAJORWATERBODIES

AL USGSGAGINGSTATIONS

0 MI 1

0
Fig. 3.51.WhiteOakCreekBasin(showingh)cationof USGSgagingstations).

_,181_ 4104,138A
Adapted(tomWAG606FI88,DGN



IIIIII II III I til IIII I I I I I I llllll IIIII II I II • I Illllll I I II II I " "

762 lMaxlmum Stage Elev, (761,28)

r761

760

_" 749

,__ 746

"-" Mean st ge Elev, li.J. t
- j) - _

30 260
24O

25 22O

200 (5
z_

(_"" 180 1_1
z _ 20 LU:>

16o
14o

o 120 _ mz u.LLI

,_ 10 80
:3

60 z

5 40

20

0 '_ i "_ I _ I i _T-_'':'_"'- i '"""i .... i---7- 0

LAKESTAGE ELEVATION(FT)
FREQUENCYDISTRIBUTIONS

I LI I1'11 III I I I' r II II ....

Fig. 3.52, Mean daily lake levels and frequency of distribution, White Oak Lake.

5,18F 4104.16"/
Admp'lm,llImrnWAGt 06F_)4.L'I6N

i
II '[I rl'lll[ll" lr ' '":,"W'r,-- ""qrlN Illll III lr



@

I

_Q j t

] ]
k / t i

" i ;

\, t J
® ,\k I .......-_' , +

'N '/

/ " ,

,
/ ,

-_ ...."-,,/ CAP +

'I' ,'

i

,_ t

+ .
°,.

NOTE
I,ALLCOORDINATESAREBASEDON THE ORNLGRIDSYSTEM.THE ANGLEOF

DECLINATIONOFTHE ORNLGRIDTO TRUENORTHISTAKENFROMTHE
APPROXIMATECENTEROF THE WAG.

LEGEND SCALE IN FEET
...... SURFACESTREAMS CAPDRAINAGE0 500 tO00

........ CONVEYANCE CHANNELS I ]
CHANNELS ""--" BERMS I I I

---- ATTENUATION0 125 250
CHANNELS SCALE IN METERS

WAO6oer109.DGN

9-1
Fig. 3.53. Temporary cap drainage features.

H_,ri........... ,_,ir ...... lit .... _I_..................... ',"" '' ,Is' '1111"' , _,,r11'l,,,lirqrl.... ,, ,r_ .........IPi lllr, Irlll,u ..... ii..........



i

" '" ...... III .... '_ " ' 'ii' ,,........ _t111,,_...... rl I , - ,, , ,, ....... illi,,,tnl



'-,J \ NOT,__._E.Io ALL COORDINATESAREBASEDON
, TFIEORNLGRIDSYSTEM,THE

/ -\ ..........., I ANGLEOFDECI.INAI'IONOFI'HE

._.,--_ .i... ORNLORIDTOTRUENORTHIS •
' TAKENFROMTHE APPROXIMATE

'f I CENTEROFTHEWAG,i/
4 ,

, ,

" )#
,,,J ,,' , ///

" I LEGEND
/ { "

, ......... IO0-YRFLOODLEVEL

\',......../'"'X,_ (754 FT)

I PMF LEVEL
;A B i \ ./ I---- (761.4FT)

, /
i "_--.-,_-- ,,,-.ooo..,,CONTOURLINE$

, /" _ WAG 6 BOUNDARY

, _ ,. ...... ,-...:&..', MARSHYAREA#

s I, _ .... TRIBUIARYI

JBAREAD6 ,' _ WATERBODY
s

,, _ _ WASTEAREASs

-_..____.____..._...z_C',,.jli'"'" ,""........ . ,.,....,, _,..../,.... ------- DRAINAGEBouNDARYSUBBASIN
_//i_-- --t_ ,' , .- .

E.L ,,, i ,..,,,,,'//,/ /// SCALEIN FEET
....-" / o 300

." // I-'" " J F I 1
," - 0 75 150

'"' / / ,/' ".........' - ,//I-, SCALEINMETERS" I i IIIIB f . " __ ..... I_l ...... II I I II II I I III

Fig.3.54. WAG6 sitedrainageareas.

i I......... illl' ' I qIIl' 91 ..... 'II '' '_ ' II 'I' UIIMI II"IIH,IIFI ........ III ..... _IH _i ' rl I_ ' I_..... Illll IIlll 'III ....... 'llpl II......



............... , ,iii,,,,, i ! . :.:................. _ .......... IIIIII I III......... . .......................

_ _I _I °

I II III IIII II III I I II i ...... fI I II I I

WAG6OGF363,[)GN
9-1

(



I I̧ - IIIII I I IIIIIII I II II ., IIIII I lP " . I

,=, NOT.._._.EE
' " 1, ALLCOORDINATESAREBASEDON

/JI__,,,__A_!_NCY i THE ORNLGRIDSYSTEM,THEANGLEOFDECLINATIONOFTHEORNLGRID,,, TOTRUENORTHIS TAKENFROMTHE
APPROXIMATECENTEROFTHEWAG.

1

4

/ . .
W49TN .....:I_/ ",/ ,LEOEND

' !,( °I

x.._,,, _
\. / : , WAG6 BOUNDARY

"'_ j j , _ , MARSHYAREA_\ : ..... TRIBUTARY

"\ (_ / _ WATERBODY
"\, ',, ' -x, SWSA6 SECURITY
', /
\ _ . ,"' FENCE',, ' ,".... "'-, ,& FLUMES,1980

4-_9Ti ' _ ",+ z,z,l (DkVlSotol, 1984)"" ' "" WAGBRFI SURFACE
W WDAI ' _ WATERSAMPLE

_k STATION& NUMBER

LTUMULUSWASTE ,' _ _ _kO6 RFI FLUMESso

STORAOEPAD ." s

o.. ,,,_
• o..od _,,, .

i ¢t

,, CREEK

/_,_.t t ,
i
t

, /

q

* s

SCALEINFEE"F
0 350 700

1 I
1

0 175
SCALE IN _IETERS

iii ii Illll I m II I I1[11 I ........ ,a_-T _ lm

,

*- Fig, 3.55. WAG 6 stirfaee water flow station
| and sampling sites.



o31 II

_o2, II
I!̧

0,12 -

0,07 _ _ ' 7/6

0.035

0
6/1

1985 1986

SUBAREA DA

0.28

0.23

0.07 "

0.035"

0
6/1

1985 1986

SUBAREA DB

® .
Fig. 3.56.,., Me.a.ndaily flt)w hydrographs: .lune 1985-.lulv 1986, Subareas DA and DB,

t 5,184104.11



O I I I Ill l I

0.5 :
i

0.42--

0.35"

.L

g o,_8-

_0.21..L.

0.07 _,,_ ' '-I , 7

, , , , I ' ' ' ' I ' ' ' ' I ' ' ' ' i8[' ' ' I6/1 7/21 9/9 10/29 12/1 2/6 3/28 5/17 7/6

1985 1986

SUBAREA F

0

I I I ii' qln I I

j Fig. 3.56b. Mean daily flow hydrograph, June 1985-July 1986, Subarea F (combined FA and FB)

5,184104.10



O i i

_¢-- .

++ 2153• • • LOMEIl
CIPITA

r-_

M N M N M

t t/26/80 11127180

Z_

0

I -- mm I I
" 0. I--

_ E

_ _ o,2-

FLUMEII

PRECIPITATION= 0.67 in.

=< "- Z RUNOFF = 46.2 _/__, I
0

M N M N M

li/26/80 11127180

M ,, MIDNIGHT

N : NOON

WAO+06F333.DCN

O 9-1 Fig. 3.57a. Storm hydrograph, ETl+'site (November 1980).
Source: Davis, E.C., et al. 1984. Site Characterization Techniques
used at a Low-Level Waste Shallow Land Burial Field Demonstration

Faciiity, ORi_t.ITM-9146, Oak Ridge Natio.al Laboraiory,
Oak Ridge, Tennessee. =

''ql_lF'r 'lr .... _plm IiIIIi lil _'II nl



o = ' I -- [] lal I l

,

¢,_)_
t,5-"

rl

2,0--

_'_- FLUMEI

i.o..PRECIPITATION= /.3in,

.B--.B_.4_.2_X RUNOFF ! = 43.4jgV,,5_=_B !=--Io ........ .... = =---_ ....... ] .............
X N X N

615181 6/7/81

o . I - li lUl | I

a_e.*

_ 1.0--

t.5--

2o- FLUMEI I
>

_

_'_ '6 PRECIPITATION= _933n_/1,4 X RUNOFF .
N N N N N

615181 617181

N = MIDNIGHT

' N • NOON

WAG606F334,DON

O 9-I Fig. 3.57b. Storm hydrograph, ETF site (June 1981). Source: Davis,
E.C., ct al. 1984. Site Characterization Techniques used at a Low-Level

Waste Shallow Land Burial Field Demonstration Facility, ORNL/TM-9146,

Oak Ridge National Laboratory, Oak Ridge, Tennessee.



iii I I I I i|l i i

e
o

oO

o_rr

._. 0
:= "E

,=I

¢q t=

co r_

_il - --"--- :
.=

=,=

o_1

m

m

GO

: I I I I I ' I I ==oo_
q o

d o o d o d c_

(H/NI) a_O3Ud (sao)Moqa



O

0,25"

_o.5-

4

3,5

3

2,5

_2

C_1,5
1

0.5

0
5 6 7 8 9 10 11

TIME, HOURS

O SUBAREA DAI --'-'--"---
,m

0,25"
_o.5

2

1,5

5 1

O _

LL

0.5

0 -F, ,-,-, ................. _ ' _ ' _ ...... -' :
5 6 7 8 9 10 11

TIME, HOURS

O SUBAREA DB

Fig. 3.59a. Storm hydrographs, May 17, 1990, (Subareas DA and DB).

= 5,18 4104,13

............... ,,,_,.... _, rql','llr............ p_,r,r,..... I1........_I'P'I'PI'' Iql'r',4 qllp[.... Irl..... _llr" .... liI'' ,!rqpllllt,ll_l_ll_l"II el"i1,'11



5.1B 4104,12

II1' 'r'l[" nil' " rlr ' " rll11"_" '"'""q'!rl" ...... _lllr "



0

i

PIP" _'rl,I ii ,r ,, I,, II, ,_ ,,r, ' ' lm.... , ,p?lT _, ii .......... i_,, ,lr , 'lr nrllrl " _l ........ riq .... _1_,,',l_, rl[i,,r' ip?'_", ,.... "il'rl ' pl ,@l,rl..... ii, i1_;i rrlll I .... ir......... ql ' ,,I III '111'"11' 11 ,_,



O
El.

2.5 ,..

1.5
1

0.5 . Lo /'k
I I I II III I I|1 l II I li II II III I l II I Ii IIII I11 J II I I II I II I IIIII IIII II! I II I III I II I II i I I1 I II I IIII II!11 II ll[IJl II J'l IIIt _11llll/I I I I II I

20 22 0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12
5/26 5/27 5/28

TIME, HOURS

Q "°"
0.25

 o.s±

1.8

1.6

..I.4
_1.2

0.8

0.6 1 i

0.4 "

0.2

0 ............ I....................................... _........_"_"................ I....._..... "......... ...... ;'....
20 22 0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12
5/26 5/27 5/28

TIME, HOURS

O ' SUBAREADB

Fig. 3.61. Storm hydrographs, May 26.28, 1990 (Subareas DA and DB).

5.184104,15

I



t i ,11 !

IUNULUSWAST[
S_ORAO£PAD

/

"_'_"" _'-x i /

0
_3

WHI TE OAK LAKE
I L ..... " .......... II

WAG606F212,DON
9"4

L,':
i



¸¸¸¸I ,NOT
I, ALLCOORDINATESAREBASEDON

TI'IEORNLGRIDSYSTEM,THEANGLE
, OFDECLINAI'IONOFTHEORNLGRID

TOTRUENORTHIS TAKENFROMTHE
APPROXIMATECENTEROFTHEWAG,

I

, \
i

i

,//" LEGEND"" ,, ,------ WAG6 BOUNDARY

i i _ PAVEDROAD
i
i

........... GRAVELROAD
/. Q__ MARSHYAREA

_ ', .... TRIBUTARY
Ii ,i

°o}I _ WATERBODY
_s e

." .... :" --x-- SWSA6 SECURITY....... ,'_" " FENCE

I UNCAPPEDWASTEi
i

', .._::..;,, __l_ll AREAS,TRENCHES,,""--'" ._ SILOS, ETC,,.
.... Sl

CAPPEDAREAS

""_'.. IMPERVIOUSAREAS,
: i BUILDINGS,ETC,,,

_ TREES

OPENAREAS,GRASS,ETC.,

---_--- POWERLINE& POLE

SCALEIN FEET
0 300 600

I iI' '1'
' 0 75 150

.... SCALEIN METERS

I ]Fig.3.62. WAG6 landusagemap.

,ir,_l_ Iii , ill ,'',_ ..... 'lp' .... ' ' ,' P_IrP,rl



ES/ER-22&D1

Q ORNL/ER/Sub-.87/99053/5

DIS'I_IBUTION

1, L. D, Bates
2, F. P, Baxter
3. H, L. Boston
4, H, M. Braunstetn
5. K.W. Cook

[ 6. N.W. Durfee7. S.B. Garland
8, C, D, Gotns
9. D.D. Huff

10, L.L. Hyde
11, A.J. Kuhatda
12, J, R. Lawson
13. M.J. Ltles
14. L.E. MeNeese
15. C, E. Nk

16--17. P.T. Owen
__ 18. G.E. Rymer

19. P.A. Sehrandt
20. D.W. Swindle
21. L.D. Voorhees
22. R.K. White
23. A.S. Will
24. Central Research Library

25-29. ER Document Management Center
30-31. Laboratory Records Department

32. ORNL, Patent Sectton
33. Office of Assistant Manager for Energy Research and Development, DOE Field

Office, Oak Ridge, P.O. Box 2001, Oak Ridge, Tennessee 37831-8600
34. P.H. Edmonds, Lee Wan and Associates, 120 South Jefferson Circle, Oak Ridge,

TN 37830
35-42. R.C. Sleeman, DOE Field Office, Oak Ridge, P.O. Box 2001, Oak Ridge, 'Iqq

37831-8541
43-.44. Office of Scientific and Technical Information, P.O. Box 62, Oak Ridge, TN 37831
45-45. S.S. Perkins, DOE Field Office, Oak Ridge, Information Resource Center, 105

Broadway, Oak Ridge, TN 37830
46-.7t). Bechtel National, Inc., P.O, Box 350, Oak Ridge, TN 37831-0350



i
, .i , _1' " rl_' _1 IIII1' 'I1'



an ..... lr .... I ...... rl_ " '_,lq" _q'" ql" r,r, ..... _r, Ig_' Flip ' Iill .... " ..... " "iri' _ppll .... I_,,vH,'' i'lrlli,linn' ' ' PI ....... I ' qq? IIr i lr .....


