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EXECUTIVE SUMMARY

This radiological performance assessment for the continued disposal operations at
Solid Waste Storage Area 6 (SWSA 6) on the Oak Ridge Reservation (ORR) has been
prepared to demonstrate compliance with the requirements of U.S. Department of Energy
(DOE) Order 5820.2A. The performance assessment considers disposal operations
conducted from the issue date of the order, September 26, 1988, through the projected
operating lifetime of the facility. The performance objectives require that the facility be
managed so as to accomplish the following:

1. Protect public health and safety in accordance with standards specified in
Environmental Health Orders and other DOE Orders.
2. Assure that external exposure to the waste and concentrations of radioactive

material which may be released into surface water, groundwater, soil, plants, and
animals results in an effective dose equivalent (EDE) that does not exceed

25 mrem/year to a member of the public. Releases to the atmosphere shall meet the
requirements of 40 CFR Pt. 61. Reasonable effort should be made to maintain
releases of radioactivity in effluents to the general environment as low as reasonably
achievable.

3. Assure that the committed EDEs received by individuals who inadvertently may
intrude into the facility after the loss of active institutional control (100 years) will
not exceed 100 mrem/year for continuous exposure or 500 mrem for a single acute
exposure.

4, Protect groundwater resources, consistent with Federal, State and local
requirements.

The performance assessment has been prepared in accordance with the guidance
provided by the DOE Peer Review Panel that outlines the format and content for a
radiological performance assessment. The consistency and technical quality of this
performance assessment will be determined by the Peer Review Panel. The acceptability
of the performance assessment will be determined by DOE Headquarters.

SWSA 6 is located about 3 km (1.9 miles) south of Oak Ridge National Laboratory
(ORNL) on the DOE ORR. The facility is located on a 27.5 ha (68 acres) tract of land
with rolling terrain. Approximately 12 ha (30 acres) of the site are suitable for disposal
operations. The majority of the capacity was used before September 26, 1988. The facility
is projected to continue operations until December 1997 when the available capacity will
be exhausted. Those portions of the facility associated with historical disposal operations
are presently subject to remediation under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA). Following the implementing
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guidance for the order, the performance assessment has been prepared without the
consideration of disposal operations performed before the issuance of the order. The
petformance assessment considers four different types of disposal units: concrete silos,
tumulus units, concrete wells, and unlined trenches. Each disposal unit and the wastes
expected to be emplaced therein are considered separately and then integrated for the
performance assessment. In addition, the analysis of each disposal unit assumes normal or
expected performance. Accidental releases or abnormal operations are considered in the
safety documentation for the facility and are not part of the performance assessment.

Approximatley 2,000 m*/year (75,000 ft*/year) of low-level radioactive waste is
managed at ORNL. The waste acceptable for disposal is disposed of in SWSA 6. The
majority of the waste is contact-handled (CH) waste (<200 mrem/h dose rate at the
surface). This type of waste includes debris from ORNL operations, research and
development activities, environmental restoration, and decommissioning and demolition
activities. Compactible and noncompactible waste are managed separately. CH waste is
disposed of in concrete silos and in tumulus-type disposal units. Remotely-handled (RH)
waste (>200 mrenv/h dose rate at the surface) includes debris from reactors and hot cell
operations. RH waste with <1 rem/h surface dose rate is disposed of in concrete silos, and
RH waste with >1 rem/h surface dose rate is disposed of in concrete wells. Fissile waste,
consisting of debris, is generated from research and development activities using enriched
uranium and is disposed of separately in concrete wells. Biological waste consists of
excrement and animal carcasses from biological research and is disposed of in unlined
trenches. Asbestos waste consists of debris generated during maintenance and demolition
of contaminated facilities and is disposed of in concrete silos. Continuing operations at
SWSA 6 are conducted at the Interim Waste Management Facility (IWMF), which is a
prototype tumulus disposal facility to be used at future disposal facilities on the ORR.

Wastes generated at ORNL are characterized and certified prior to disposal. Waste
generators are responsible for providing the primary characterization data and for
certifying that the waste meets the Waste Acceptance Criteria (WAC) for disposal units
(ORNL 1993a). Waste certification accounts for the quality assurance and quality control
procedures in data collection and manipulation, documentation and tracking systems,
authority and responsibility, and other areas related to ensuring that characterization data
of sufficient detail and quality are collected. Methods for characterizing wastes include
process knowledge and controls, material accountability, direct or indirect measurements,
and combinations of these elements. The characterization data are logged prior to storage,
treatment, or disposal. Treatment processes include on-site waste compaction and the use
of off-site vendors for supercompaction, incineration, and metal melting. Wastes are
packaged in 30- and 55-gal drums, wood or metal boxes, 4-mil and 20-mil plastic bags, and
1-, 2-, 5-, 10-, and 20-gal metal cans prior to disposal.

The waste characteristics used for assessing the performance of SWSA 6 were
defined using the existing data from the waste data management program and from an
evaluation of the data and methods used for characterizing wastes. While the data from
these records are imperfect and may not be accurate representations of future wastes
generated at ORNL, they are the most reasonable representation of present and future
wastes. An evaluation of the uncertainties in the waste data was performed as part of the
performance assessment to provide an estimatc of the likely characteristics of the wastes
disposed of at SWSA 6. The best estimate inventory for each isotope at each disposal unit
was derived from the evaluation of the uncertainties in the waste data and used in
assessing the facility’s performance. The isotopes considered in detail in the performance
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assessment were determined by scoping analyses. The results of the scoping analyses
defined the isotopes that were present in large quantities in the wastes generated or that
had the potential to yield significant doses. For each isotope considered in detail, the
release of contamination from the individual disposal units was estimated using the
computer codes SOURCE1 and SOURCE2. These codes estimated the release rate of
contamination by considering the wetting of waste by infiltration of water into the waste
and the subsequent leaching and transport of radionuclides from the waste form by
diffusion and advection. The complex forms of wastes, disposal units, and concrete barriers
were approximated. The degradation and cracking of concrete over time were included in
the analysis. The release of contamination was estimated for a period of 1000 years or
until the maximum release had occurred.

Contamination released from the disposal units was analyzed for transport through
the environment using the Unified Transport Model (UTM) and USGS MOC computer
codes. Monitoring data from SWSA 6 over the past few decades suggest that emission of
radionuclides directly to the atmosphere in gaseous form is not an important release
mechanism on the ORR. Suspension of particulates by natural processes has not been
identified as an important pathway for the transport of contamination and can be
precluded as long as a minimal amount of overlying uncontaminated soil exists at a
disposal facility. As a result, the pathways analyzed in detail for environmental transport
were surface water, soils, and groundwater. The release of contamination from disposal
units was assumed to occur primarily into the groundwater and surface water from shallow
subsurface transport during storm events. Transport of contamination in surface water and
groundwater took into account precipitation, storm hydrology, streamflow, infiltration,
percolation, recharge, sorption, radioactive decay, and projected closure plans for
SWSA 6. The computer codes used for analyzing environmental transport are well
documented, verified, and validated to the extent that they provide reasonable
representations of site performance. The results of these codes were used to estimate
potential doses from waste disposal operations.

Doses to individuals and inadvertent intruders were estimated to determine the
maximum potential doses attributable to disposal facility operations. For an individual
residing outside the facility boundary, doses were estimated assuming direct ingestion of
contaminated water, ingestion of milk and meat from dairy and beef cattle that drink
contaminated water, and exposure from swimming in contaminated water released into
White Oak Creek. Following the active institutional control period, the same exposure
scenario is considered for an individual who inadvertently intrudes onto the facility. An
inadvertent intruder is considered to ingest contaminated water from a well and to
consume milk and meat from dairy and beef cattle that drink contaminated water.
Additionally, an inadvertent intruder is assumed to engage in direct intrusion into disposal
units according to one of four scenarios—the “agriculture,” “discovery,” “resident,” and
“postdrilling” scenarios. The discovery scenario is assumed to occur once in an individual’s
lifetime, whereas the other scenarios are continuous exposure scenarios. The agriculture
scenario is assumed to occur at 300 years after facility closure for concrete disposal units
and 100 years after facility closure for the biological trenches. The postdrilling, discovery,
and resident scenarios are assumed to occur 100 years after facility closure for all disposal
units. The dose analysis for the inadvertent intrusion scenarios assumed that no transport
of contamination from the disposal units had occurred prior to intrusion. This conservative
assumption was made because a reasonable, lower-bound estimate of the transport of
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contamination from disposal units could not be made with the present state of knowledge
of the long-term performance of engineered disposal technologies.

The analysis of SWSA 6 required the use of assumptions to supplement the
available site data when the available data were incomplete for the purposes of analysis.
Assumptions were made to define the partitioning of recharge to runoff from each
disposal unit, the aquifer properties, the sorption characteristics of disposal units and the
site, the geometry of waste configurations, and the degradation and cracking of concrete.
These assumptions were selected to provide a reasonable yet conservative representation
of facility performance and were based on the limited information available.

The methodology used to analyze the performance of SWSA 6 was based on the
available data on the waste disposed of at SWSA 6, the disposal methods used at SWSA 6,
and SWSA 6 site characteristics. In analyzing site performance, the results of the
source-term modeling (which provide estimates of releases from disposal units) are used as
input to the shallow subsurface model. The contamination released by the shallow
subsurface model is diluted with upslope shallow subsurface drainage estimated to enter
disposal units. The shallow subsurface model estimated the transport of contamination to
surface water and the recharge to the saturated zone. The saturated zone model used the
contaminated and uncontaminated recharge as input to estimate the transport of
contamination to a well 100 m (328 ft) from the disposal unit and to determine the
discharge of contaminated groundwater to surface water. The resulting concentrations in
groundwater and surface water were used to estimate the dose from domestic use of water
ICSOUTCES.

The results of the analysis indicate that all disposal units are in compliance with the
performance objectives concerning the protection of off-site individuals. Compliance with
the performance objective for the protection of groundwater resources is indicated for all
disposal units except IWMF. Changes in operations that include improvements in the
WAC along with continued work on the performance assessment are expected to result in
a demonstration of compliance with the performance objective for protection of
groundwater resources for IWMF. The analysis of inadvertent intruders showed that only
the biological trenches complied with the performance objectives. The performance
objectives were exceeded for seven of the remaining eight disposal units as a consequence
of the disposal of uranium and the subsequent daughter formation of *’Rn that yielded
high doses at times distant in the future (>10° years). Doses arising from 2?Rn are the
subject of a major issue facing waste management at SWSA 6. Doses from inadvertent
intrusion into disposal units other than IWMF may be unreasonably conservative because
of the assumption of no environmental transport of contamination and uncertain estimates
of the waste inventory. These disposal units are the subject of CERCLA remediation and
will be remediated to acceptable levels along with the disposal units closed before
September 26, 1988. However, the estimated doses from inadvertent intrusion are certain
to be overly conservative, as evidenced by the external dose estimated for the high-range
wells that is significantly higher than the doses measured during waste disposal operations.
For IWMF, changes in the WAC, along with continued work on the performance
assessment, are expected to result in compliance with the performance objective for the
protection of inadvertent intruders. Much of the difficulty in demonstrating compliance for
the continuing operations at IWMF is the result of disposals of *Cl and C. The disposal
of *¥Cl is not a routine waste stream, and reductions in the WAC will reduce the potential
doses dramatically. The "*C inventory at IWMF is associated with several large disposals
that, when curtailed, will reduce the potential doses significantly. Additionally, the C
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inventory is very uncertain, with divergences between reported disposals and the best
estimate for disposals of up to a factor of 500 for IWMF.

The sensitivity and uncertainty of the results are important considerations in
interpreting the results and evaluating the compliance of SWSA 6 with the performance
objectives of DOE Order 5820.2A. Sensitivity analyses were used to evaluate the
parameters in the models of site performance that were most influential on the results.
The identified parameters were used in the uncertainty analysis to determine the
confidence to be attributed to the results. The uncertainty analysis incorporated the
subjective evaluation of the acceptability of each component of the modeling of site
performance as well as the quantitative evaluation of model component uncertainty. The
results of the uncertainty analysis indicated that the greatest source of uncertainty was
associated with the waste inventory and that uncertainty in the calculated results increased
as the time increased.

The results from the performance assessment indicate that several disposal units
exceed the performance objectives, and changes in operations will be necessary. As of
January 1, 1994, disposal operations in all disposal units other than IWMF will be
discontinued. Additionally, the WAC will be revised in accordance with the results of the
performance assessment. Future disposals in below-grade units will be considered only if
all of the performance objectives can be demonstrated and approved prior to disposal.
Continued work on the performance assessment is also warranted to address several
elements of the SOURCE1 and SOURCE2 computer codes that are presently not verified
or validated. While validation of these codes is not likely because validation data are not
available and will not be available within a reasonable time frame, code verification is
warranted. Additional work on estimating the waste inventory and the sorption
characteristics of actinides in environmental transport will be performed. The results of the
continued work and the changes in operations will be incorporated into a revision of the
performance assessment for SWSA 6.

In conclusion, based on the results of this performance assessment, SWSA 6 does
not presently meet the performance objectives of DOE Order 5820.2A. Changes in
operations and continued work on the performance assessment are expected to
demonstrate compliance with the performance objectives for continuing operations at
IWMEF. All other disposal operations in SWSA 6 are to be discontinued as of January 1,
1994. The disposal units at which disposal operations are discontinued will be subject to
CERCLA remediation, which will result in acceptable protection of the public health and
safety.






1. INTRODUCTION

Site-specific radiological performance assessments are required for the disposal of
low-level radioactive waste at U.S. Department of Energy (DOE) facilities. The purpose
of the performance assessment is to demonstrate compliance with the performance
objectives for low-level waste (LLW) disposal stated in DOE Order 5820.2A, Chapter 111,
paragraph 3a (Table 1.1). Performance assessments are to be subjected to review by the
Oversight and Peer Review Panel of DOE for technical quality and consistency across the
DOE complex. Performance assessments are to include site-specific geohydrology and
waste composition as part of the performance assessment methodology. This performance
assessment has been prepared for the continued operations of LLW disposal at the Oak
Ridge National Laboratory (ORNL).

The active LLW disposal facility at ORNL is identified as Solid Waste Storage Area
(SWSA) 6. The facility began accepting waste in 1969 and became the sole waste disposal
facility for ORNL in 1973 (Coobs and Gissel 1986). Prior to September 26, 1988, a variety
of disposal methods were used. Many of these disposal methods are no longer practiced
and are considered to be unacceptable by today’s standards. As a result, a large

Table 1.1. Performance objectives for low-level radioactive waste disposal

1. Protect public health and safety in accordance with standards specified in
EH Orders and other DOE Orders.

2. Assure that external exposure to the waste and concentrations of
radioactive material which may be released into surface water, -
groundwater, soil, plants and animals results in an effective dose
equivalent that does not exceed 25 mrem/yr to-a member of the public.
Releases to the atmosphere shall meet the requirements of 40 CFR Pt.
61. Reasonable effort should be made to maintain releases of
radioactivity in effluents to the general environment as low as reasonably
achievable.

[F8)

Assure that the committed effective dose equivalents received by
individuals who inadvertently may intrude into the facility after the loss of
active institutional control (100 years) will not exceed 100 mrem/yr for
continuous exposure or 500 mrem for a single acute exposure.

4. Protect groundwater resources, consistent with Federal, State and local
requirements.
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SWSA 6 Performance Assessment

portion of SWSA 6 is now subject to remediation under the Comprehensive
Environmental, Response, Compensation, and Liability Act of 1980 (CERCLA). Interim
closure of many of the historical disposal units and a remediation investigation have been
completed as RCRA actions prior to CERCLA remediation. In February 1993, the
Deferred Action Alternative was selected in response to the Interim Proposed Plan for
CERCLA remediation. The Deferred Action Alternative involves enhanced site
monitoring and technology demonstration and development. Action will be deferred until
the risks to public health and the environment warrant remedial action. A Letter of
Agreement between the U.S. Environmental Protection Agency (EPA), the state (TDEC),
and DOE that will outline the details of the Deferred Action Alternative is under
development. Ultimately, the entire site will be remediated in accordance with the
regulatory requirements of CERCLA. This performance assessment considers the portion
of SWSA 6 in operation as of September 26, 1988, and all future disposal operations to be
performed prior to the closure of the entire site. Following the guidance of T. Hindman,
Assistant Secretary, DOE, the portions of the site used prior to September 26, 1988, have
not been considered in evaluating the compliance of SWSA 6 with DOE Order 5820.2A.

The performance assessment for SWSA 6 has been prepared in accordance with the
guidance provided by the DOE Peer Review Panel (DOE 1989) that describes the
recommended format and content for DOE LLW disposal facility radiological
performance assessment reports and is consistent with the guidance provided by the DOE
Peer Review Panel for preparing performance assessments (DOE 1991). The performance
assessment includes the disposal facility description, analysis of performance, results of the
analysis, the performance evaluation, and design changes that are required to meet the
performance objectives. The discussion of design changes and monitoring programs
presented in this performance assessment represents those that have been identified in the
course of this evaluation. Future work to be performed and incorporated in revisions to
the performance assessment is identified.

SWSA 6 is located in a 28-ha (68-acre) tract of land with rolling terrain. The site
includes two ephemeral streams. The site is adjacent to White Oak Lake on the south, a
perennial stream on the east, a state highway on the west, and a ridge line on the north.
Approximately 12 ha (30 acres) of the site is used for waste disposal with the majority of
the site capacity used prior to September 28, 1988. A detailed description of the site and
its characteristics is presented in Sect. 2.1. Current operations are performed using
concrete silos and tumuli. A complete description of the waste disposal technologies is
presented in Sect. 2.3. Future operations are planned to include a continuation of the
present technologies. Waste is characterized, treated, and certified at facilities located
outside SWSA 6.

The performance objectives for waste disposal in SWSA 6 are contained in DOE
Order 5820.2A. The state of Tennessee has not issued regulations directly affecting waste
disposal, nor has the state issued formal regulations protecting groundwater resources. The
state of Tennessee, which is an agreement state, has issued implementing regulations for
the Safe Drinking Water Act that limit the dose in drinking water for community water
supplies to 4 mrem annual effective dose equivalent (EDE). In the present analysis, this
regulatory limit has been regarded as the appropriate limit for the protection of
groundwater resources. Compliance with the performance objective of groundwater
resource protection usually has been interpreted as meaning that concentrations of
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Introduction

chemical and radioactive contaminants at any points of compliance should not exceed
standards for public drinking water supplies established by the EPA. In this assessment,
the point of compliance is at a location more than 100 m (328 ft) from any disposed waste
at which the groundwater contaminant concentrations are the highest. The 100-m (328-ft)
buffer zone is consistent with the guidance provided by the DOE Peer Review Panel
(DOE 1991).

Because SWSA 6 is to be remediated under CERCLA, the use of the 4 mrem/year
dose limit for groundwater protection is both conservative and reasonable. CERCLA has
the intent of remediating sites to a useable condition without consideration of institutional
control, and CERCLA specifically identifies drinking water standards as Applicable or
Relevant and Appropriate Requirements (ARARs) for cleanup of groundwater at
Superfund sites. Additionally, previous actions by the EPA in attempting to establish
groundwater protection limits suggested the use of the 4 mrem/year limit. Future
regulatory developments may resolve the appropriate limit for groundwater resource
protection, but lacking this guidance, the 4 mrem/year limit has been adopted as the
proper value for groundwater resource protection in this performance assessment.

White Oak Dam, which forms White Oak Lake, is located near the southwest
corner of SWSA 6. The state of Tennessee has established National Pollutant Discharge
Elimination System limits for discharges over White Oak Dam that do not include
radioactivity. The discharges over White Oak Dam include releases from SWSA 6,
previously closed disposal facilities, and all discharges from the ORNL plant area. SWSA 6
is a minor contributor to the discharge over White Oak Dam. Additional performance
objectives for SWSA 6 will be defined as part of the CERCLA remediation of the facility.
These limits are under development. For the purposes of this performance assessment, the
4 mrem annual EDE for protection of groundwater resources has been extended to
surface water discharged over White Oak Dam. While this extension of the performance
objectives is not explicitly required, the protection of surface water resources consistent
with groundwater resources is expected to encompass any additional requirements on the
protection of water resources by the CERCLA remediation of SWSA 6.

A scoping analysis of the performance of SWSA 6 was prepared as an initial
assessment of the facility (Lee and Kocher 1990). Subsequently, a draft performance
assessment was prepared and submitted to the DOE Peer Review Panel. The comments
received from the Peer Review Panel have been addressed (Appendix I) and the
document has been revised in response to these comments. The performance assessment
has been reviewed by Rogers and Associates Engineering Corp. (1993) to further improve
the technical presentation. The performance assessment identifies several areas of concern
and the disposal units associated with doses that exceed the performance objectives. Many
of these disposal units are included in the RFI prepared for SWSA 6. Remediation plans
have not been formally implemented as a result of the selection of the Deferred Action
Alternative. An Interim Corrective Measures program is under development to monitor
historical disposal units and control any significant releases to the environment that may
occur prior to CERCLA remediation of SWSA 6.
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2 DISPOSAL FACILITY DESCRIPTION

2.1 SITE CHARACTERISTICS

Solid Waste Storage Area (SWSA) 6 has been used as a waste disposal facility since
1969 and continuously since 1974. The site has been investigated extensively, and much of
the site description is based on these investigations. A summary of the detailed
investigations of the site has been prepared (Bechtel 1991a).

211 Site Location and Topography

The SWSA 6 low-level radioactive waste (LLW) disposal site is located about 3 km
(1.9 miles) south of Oak Ridge National Laboratory (ORNL) on the U.S. Department of
Energy’s Oak Ridge Reservation (ORR). The site lies in Melton Valley near the
southwestern boundary of the ORR as shown on Fig. 2.1. Significant local features include
White Oak Lake, south of SWSA 6, and the Clinch River, located about 1 km (0.6 mile)
southwest of the site.

SWSA 6 has been used by ORNL for disposal of on-site generated solid LLW
(SLLW) for approximately 20 years. Development of the 28-ha (68-acre) site was started
in 1959, and the operational life is estimated to continue through 1997. Fewer than 12 ha
(30 acres) of the total site are usable for LLW disposal because of land use constraints
imposed by steep slopes, shallow water table, or prommlty to streams.

Topography in and around Melton Valley is typical of that in the western portion of
the Valley and Ridge Province of East Tennessee. The valley is about 2 km (1.2 miles)
wide and trends northeast-southwest. Haw Ridge lies about 1 km (0.6 mile) northwest of
Melton Valley with crest elevations of approximately 305 m (1000 ft). Melton Hill, with a
high crest of 413 m (1356 ft) on Copper Ridge, lies about 1 km (0.6 mile) southeast of the
axis of Melton Valley. A line of low knobs with crest elevations of about 260 m (850 ft)
occurs near the center of Melton Valley. SWSA 6 is located on the southeast slope of
such a knob. The lowest topography in the vicinity of SWSA 6 is at White Oak Lake
[227 m (745 ft)}, giving a total topographic relief in the site of about 30 m (98 ft). Slopes
within SWSA 6 range from less than 5% to greater than 25%.

Most of Melton Valley, including SWSA 6, lies in the White Oak Creek watershed.
White Oak Lake is impounded above an earthen dam located where Highway 95 crosses
White Oak Creek. Surface runoff from SWSA 6 drains to three small ephemeral
tributaries of White Oak Creek, which discharge into White Oak Creek and White Oak
Lake. Two of these ephemeral streams originate within SWSA 6. Fig 2.2 shows the
location of SWSA 6 in proximity to the local surface waters, Highway 95, and White Oak
Dam. The caps identified in Fig. 2.2 represent interim closure of disposal units that were
used prior to September 26, 1988, and are currently being addressed by the
Comprchensive Environmental Response, Compensation, and Liability Act (CERCLA)
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SWSA 6 Performance Assessment

process. The caps are plastic membranes to limit infiltration and cover approximately 4 ha
(10 acres) of the total site area. Additionally, the disposal units considered in the
performance assessment are identified.

2.1.2 Geology and Soils
2.1.2.1 Geologic Setting

The ORR is underlain by sedimentary bedrock of the Paleozoic Age that generally
dips to the southeast in an imbricate pattern because of the regional geologic structure
that formed during the Appalachian Orogeny some 300 million years ago. The
stratigraphic column in Table 2.1 includes descriptions and local thicknesses of bedrock
formations recognized on the ORR (Lee and Ketelle 1989). A geologic map of the ORR
is shown in Fig. 2.3, and a geologic cross section through Haw Ridge and Melton Valley
near SWSA 6 is shown in Fig. 2.4. Geologic structures present on the ORR include
regional scale thrust faults, local faults having various orientations, local folds, and
numerous sets of local joints and fractures. Bedrock fracturing is ubiquitous on the ORR
with variation in the degree of fracturing based on local bedrock type and proximity to
local or regional scale folds and faults. Two regionally important thrust faults cross the
ORR in a northeast-southwest direction. These faults are the White Oak Mountain Fault
Zone, which lies several miles northwest of the SWSA 6 site, and the Copper Creek Fault,
which outcrops on the northwest slope of Haw Ridge about 1 km (0.6 mile) northwest of
SWSA 6.

The Copper Creek Fault underlies the SWSA 6 site at a depth of about 300 m
(1000 ft) below the land surface. Motion of bedrock above the Copper Creek Fault during
the Appalachian Orogeny carried the Upper Rome Formation, the Conasauga Group, and
the overlying Knox Group strata to their present orientation. At the end of the Paleozoic
Age, the rocks that outcrop at the land surface were buried deeply beneath a mountainous
deformation belt. The present regional terrain is the result of weathering and erosion of
bedrock and soils over the millennia since the Appalachian Orogeny.

Variable resistance to weathering and erosion of the dipping strata causes the
parallel alignment of ridges and valleys characteristic of the region. Locally, ridges are
underlain by weathering- or erosion-resistant rock types, while valleys are underlain by the
easily weathered or erodible rock types. A geologic map of the Melton Valley area is
shown in Fig. 2.5. Haw Ridge, northwest of SWSA 6, is underlain by the hard sandstones
of the Upper Rome Formation. Melton Valley is underlain by interbedded shale,
calcareous siltstone, and limestone bedrock of the Cambrian Age Conasauga Group. The
Conasauga Group is divided into six geologic formations on the ORR (Table 2.1).
Conasauga bedrock is fairly weatherable because of the dominance of calcium-carbonate-
cemented rock and the high silt content. Variations in the weathering and erosion patterns
of the Conasauga formations result in the presence of a line of knobs underlain by the
Maryville Limestone near the axis of Melton Valley.
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Table 2.1. Stratigraphic column of Cambro-Ordovician Rocks,

White Oak Mountain Thrust Block, Oak Ridge, Tennessee

Formation/ Thickness
Age Group Unit Description (m)

Unit H* Thin interbedded limestone and calcareous >82
siltstone. Gray, olive, buff, and maroon.

Unit G Limestone and siltstone in thick beds. 83
Limestone fine- to medium-grained,
nodular.

Unit F Laminated to thin-bedded calcareous and 6
shaley siltstone. Maroon and olive gray.

Unit E Limestone and siitstone in thick beds. 91
Limestone fine- to medium-grained,

o ‘_"3 nodular and amorphous. Siltstone dark gray

8 o with limestone laminae.

2 O

é g Unit D Limestone. Medium-grained and stylolitic. 43
= =0 Nodular chert.

O 3

%’ E Unit C Limestone and silistone in thick beds. 29
S 3 Limestone nodular and micritic. Siltstone

= 5 calcareous and dark gray. Nodular chert.

Unit B Silistone. Massive maroon and gray with 76
limestone in thin, even beds. :

Unit A Limestone and siltstone in thick beds. Dark 91
to light gray, purplish to maroon. Nodular
and bedded chert.

Newala Medium-bedded dolostones and limestones 274
with variable chert content, scattered chert (est)
matrix limestones. Abundant maroon
mottling.

=
5 -5 Longview Dense, massive chert, bedded chert, and 15-30
E 'g dolomoldic chert observed in residuum. (est)
g ) Chepultepec  Dolostone, fine- to medium-grained, light 150-300

C to medium gray, medium 1o thick bedded, (est)

é sandy near base.

e Copper Dolostone, medium to thick bedded, fine to 274-396
w2 Ridge coarse crystalline, medium to dark gray. (est)
gg ' Chert varieties include massive, cryptopoan,

g and oolitic.
o hy
Q
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Table 2.1. (continued)

Formation/ Thickness
Age Group Unit Description (m)
Maynardville  Upper (Chances Branch Mbr.)—limestone 43
and dolomitic limestone in thick massive
beds.
Lower (Low Hollow Mbr.)--dolomotic 61
limestone in thick massive beds. Light gray to
buff.
Nolichucky =~ Upper—shale and limestone in thin to thick 18-43

beds. Shale dark gray or maroon. Limestone

light gray, oolitic, wavy-bedded, or massive,

Lower—shale and limestone in medium to

thick beds. Shale dark gray, olive gray, or 131-137
maroon. Limestone light gray, oolitic,

glauconitic, wavy-bedded, and intraclastic.

Maryville Limestone and shale or siltstone in medium 98-125
beds. Limestone light gray, intraclastic, or

o
= ~ wavy-bedded. Shale or siltstone dark gray.
RS ]
S \; Rogersville  Shale and argillaceous limestone. Laminated 24-34
O EY to thin-bedded, maroon, dark gray, and light
= P gray.
i =
s 8 Rutledge Limestone and shale in thin beds. Limestone 30-37
light to olive gray. Shale gray or maroon.
Pumpkin Upper—shale and calcareous siltstone. 40-46
Valley Laminated to very thin-bedded. Shale
reddish-brown, reddish-gray, or gray.
Calcareous silistone light gray or glauconitic.
Lower—shale and siltstone or silty sandstone.
Thin-bedded. Shale reddish-brown or gray to 53
greenish-gray. Siltstone and silty sandstone
light gray.
5 Rome Sandstone and thin shale interbeds. Unknown
“; B (er) Sandstone fine-grained, light gray or pale
S E maroon. Shale maroon or olive gray.
Q

“Chickamauga Group stratigraphic subdivisions reflect those identified at the Oak Ridge National
Laboratory site. Other formation names are consistent with regional stratigraphic nomenclature.
*Group name abbreviations are those commonly used on geologic maps and cross sections in the region.
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2122 SWSA 6 Geology

SWSA 6 is underlain by two of the Conasauga Group formations. The Maryville
Limestone underlies the northern half of the site, and the Nolichucky Shale underlies the
southern half. The SWSA 6 geologic map (Fig. 2.6) shows the location of the stratigraphic
contact between the Maryville Limestone and the Nolichucky Shale as well as other data
related to geologic structure of SWSA 6. Overall, the bedrock in SWSA 6 dips to the
southeast at an attitude of about 10-15°. However, at any specific location within the site,
strike and dip of bedding are variable and are affected by local tight, plunging folds that
are typically several meters wide and of undetermined length. Additionally, there is
apparently a general rotation in geologic strike near the middle portion of the site, and
localized faulting typical of the upper Maryville and lower Nolichucky occurs within the
site.

2.1.23 Soils

Soils in most of the SWSA 6 area are residual products derived from weathering
and leaching of the underlying bedrock. Soils, as discussed here, include the total thickness
of weathered earth materials from the land surface to competent bedrock. The soil mass is
an irregularly shaped volume, thinnest at creeks and thickest beneath upland
terrain and topographic divides. This characteristic develops because streams have
removed most weathered material beneath their beds and erosion carries soil to the site
streams where it is carried to White Oak Creek as sediment.

Soils in SWSA 6 were investigated by Lec and Lietzke (1987). In most areas a
relatively thin [<0.5 m (<1.5 ft)] soil column of residuum and/or colluvium overlies
saprolite (weathered bedrock). Figure 2.7 shows typical soil profiles in hilltop, sideslope,
and toeslope locations. The upper portion of saprolite (to depths of several meters) is
typically leached by chemical weathering processes, is depleted of calcium carbonate, and
has an acidic pH. Deeper saprolite zones typically have neutral pH, indicating the
presence of free calcium carbonate. Below-grade waste disposal units in SWSA 6 are
constructed in the saprolite zone.

Surficial soils and saprolite have been mapped in SWSA 6 as shown in Fig. 2.8.
Residuum and saprolite derived from weathering of the major bedrock formations
(Maryville Limestone and Nolichucky Shale) have been discriminated in the mapped soil
units for the site. Several alluvial soils that mantle the underlying residuum have also been
discriminated. Modern alluvium occurs along the site stream drainages, while old alluvial
soils occur in the western portion of the site and are thought to have been deposited by
the Clinch River during the Pleistocene.

Soils of the Maryville Limestone and Nolichucky Shale are discriminated in site
mapping based on color and textural characteristics. Based on a review of soil test data
(Lee and Lietzke 1987), the most obvious difference between the Maryville and
Nolichucky soils is that the Maryville soils have soil-water retentions (i.e., differences in
water content between field capacity and wilting point) of 10-20% while the Nolichucky
soils tested have soil-water retentions of less than about 5%. Other physical and chemical
properties of the Maryville and Nolichucky soils are quite similar. The soil hydraulic
properties used for the analysis of SWSA 6 are given in Appendix D.
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The surface soil has been subject to a considerable amount of disturbance associated
with waste management operations. These impacts have included road construction,
surface gravel placement, compaction from vehicular traffic and hydraulic equipment, and
maintenance of grass cover.

2.1.3 Hydrogeology

In areas underlain by the shales and silty limestones of the Conasauga Group,
groundwater occurs in a continuous, unconfined, saturated zone. Most wells in the area
cannot sustain pumping at rates greater than a few gallons per minute. Because the
bedrock at Oak Ridge is lithified Paleozoic rock, the primary porosity is extremely low,
and groundwater occurs and flows in fractures and weathered zones. The most prominent
fracture orientations are parallel to local geologic strike and include bedding planes and
strike-parallel fractures and joints. Less prominent and less penetrative fractures are
perpendicular and oblique to local strike. Porosity of weathered and unweathered bedrock
in the Conasauga Group is quite low (<5%). Additionally, groundwater storage is low
because of this low porosity, and groundwater flow velocities are rapid through the
fracture network [flow velocities >0.1 m/d (0.3 ft/d) have been documented] (Moore
1989). The combined influences of bedrock dip and fracture control of groundwater flow
result in anisotropy of the aquifer hydraulic conductivity. Maximum hydraulic conductivity
in this regime normally occurs parallel to local geologic strike.

Saturated hydraulic conductivity at the SWSA 6 site, as elsewhere in Conasauga
terrain, generally decreases with increasing depth below the land surface (Fig. 2.9). At any
discreet depth the conductivity may vary within two to three orders of magnitude. The
decline in conductivity with depth is exponential, leading to some uncertainty as to the
thickness of the active groundwater circulation zone. Fig. 2.10 shows the cumulative
frequency distribution of hydraulic conductivity between depths of 1.5 and 10 m
(5 and 35 ft) below ground surface at SWSA 6 determined by slug testing both
piezometers and water quality monitoring wells. The heterogeneous character of the site
aquifer is demonstrated by the four order of magnitude range in conductivity data and the
high conductivities determined from five of the tests. The degree of anisotropy of
hydraulic conductivity is variable and depends upon local conditions and the analytical
method used in data interpretation. Anisotropy values determined from Conasauga Group
aquifer pump tests on the ORR range from 3:1 to >30:1 with maximum conductivity
parallel to strike. (Davis et al. 1984; Lozier, Spiers, and Pearson 1987; Lee et al. 1989).

The water table at SWSA 6, as in other areas on the ORR, is a subdued replica of
the land surface. Historic water level data collection in SWSA 6 was performed by
numerous investigators at different times and for different purposes. Historic data are
plentiful; however, there are very few occasions in the historic data for which a large
number of wells were measured in a short time interval. For this reason the water table
configuration used in this analysis relies upon use of the average water elevation of all
water table measurements for individual wells.

Figure 2.11 shows the approximate water table configuration at SWSA 6 based on
average observed water table elevation. The water table contours shown are constrained
by the ground surface elevations at streams and by the invert elevation for the french
drain. In preparing this contour map, it was observed that in all cases use of these
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features as constraints on water table elevation resulted in lowering the water table
elevation in those areas. This characteristic indicates that the average condition is for
groundwater to discharge to the streams and the french drain. Well responses to seasonal
variations in precipitation and evapotranspiration vary depending on well location and
depth. Observed water level fluctuations in wells at SWSA 6 range from less than 1.5 m (5
ft) to more than 3 m (10 ft).

As previously mentioned, groundwater flow velocities tend to be relatively high in
aquifers at ORR because flow occurs through fractures in otherwise low porosity rock.
Solute transport in such systems can also be quite rapid depending on the ion exchange
and adsorption characteristics of the soil or rock through which the solute migrates.
Laboratory adsorption tests for various radionuclides have been performed on some soil
and bedrock materials typical of those present at SWSA 6 (Friedman and Kelmers 1990).
Most of these tests were performed under batch-type test conditions using materials with
much higher surface area to volume ratios than are actually present along groundwater
flow paths. For some radionuclides, the resulting distribution coefficients are substantially
diffcrent than field measurements of contaminant movement at waste disposal facilities.

The presence of over 1000 previously constructed waste burial trenches and auger
holes has undoubtedly affected the site geohydrology by increasing recharge to the site
aquifer when disposal units were open to interception of shallow lateral groundwater flow.
Capping of several disposal areas may temporarily reduce infiltration through previously
constructed disposal units and reduce the total aquifer recharge in SWSA 6, but the
longevity of caps and effectiveness in reducing infiltration is uncertain. The effect of
existing groundwater contaminants on reduction of the aquifer retardation characteristics
through occupation of available ion exchange sites or introduction of chelating agents into
the aquifer is unknown.

Water quality of the upper subsurface is dominated by mixed cations and
bicarbonate anions (Solomon et al. 1992). Water quality in the subsurface adjacent to the
LLW silos, high-range wells, asbestos silos, and fissile wells is routinely sampled as part of
the Active Sites Environmental Monitoring Program (Wickliff et al. 1991, Ashwood et al.
1991, Ashwood et al. 1992). Water quality in the drainage layers and in the subsurface of
Tumulus I, Tumulus II, and the Interim Waste Management Facility (IWMF) is also
routinely sampled. Monitoring program results suggest that contaminant releases from
these units are currently low. Contaminant releases from silos used for disposal prior to
September 26, 1988, have been recorded that indicate the release of %Sr. Low-level
releases of *H have been associated with the underpad drainage layer of Tumulus I and a
singular incident of a release of *H from Tumulus II has been recorded. Corrective action
was taken to reduce future releases from Tumulus II. The cause for the low-level releases
of *H in the underpad drainage layer of Tumulus I is currently under investigation, and
corrective actions will be initiated once the cause is identified. Groundwater quality has
been investigated extensively as part of the environmental surveillance activities for
SWSA 6 (ORNL 1993). Groundwater quality has been adversely impacted from historical
disposal operations. Volatile organic compounds (VOCs) and radionuclides have been
identified in wells throughout the facility. VOC contamination is primarily along the
eastern site boundary where data suggest that the VOCs are migrating towards the
perennial creek to the east of the facility and concentrations are decreasing within the
site. Extensive subsurface investigations have been performed as part of the CERCLA
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remediation activities for SWSA 6 (Bechtel 1991b). Additional monitoring activities are
performed as part of the Environmental Restoration and Waste Management (ERWM)
Program to better define the extent of contamination within SWSA 6 and the effects of
corrective measures (Clapp et al. 1992, Clapp 1992). Contamination of groundwater due
to migration of plumes from previously used areas has occurred at the sites analyzed in
this performance assessment, complicating the monitoring of the facilities analyzed in this
assessment for performance verification or nonperformance detection. Additionally, the
potential adsorption capacity of the site soils is unclear as a result of existing contaminant
plumes.

2.1.4 Surface Water

As described in the location and topography section, surface water drainage from
most of Melton Valley and all of SWSA 6 flows to White Oak Creck. The White Oak
Creck watershed is 16.8 km? (6.5 miles?) in area, and headwater flows originate on the
southeast flank of Chestnut Ridge. White Oak Creek receives runoff and permitted
wastewater discharges from ORNL and associated facilities in both Bethel and Melton
valleys. The creek also receives discharges of contaminated groundwater from several
former waste disposal sites associated with historic activities at ORNL. The average
discharge of White Oak Creek at White Oak Dam is 3.9 x 107 L/d (15.9 cfs) (Kornegay
1992).

Precipitation has been measured at SWSA 6 using a continuous recording rain
gauge since 1980. Data are maintained in the ORNL ERWM Data Base.

Surface runoff and groundwater discharges at SWSA 6 flow to three ephemeral
tributaries of White Oak Creek, all of which discharge directly to White Qak Lake
(Fig. 2.2). Discharges from some areas of SWSA 6 run off directly into White Oak Lake
without convergence to a stream. Flows in the main stem of White Oak Creek and Melton
Branch, its major upstream tributary, are gauged continuously at several flumes. Two small
streams originate within SWSA 6, receiving surface runoff, stormflow discharges, and
groundwater discharges. The third stream, which receives discharge from SWSA 6, lies east
of the site and also receives runoff and groundwater discharges from a watershed of 0.65
km? (025 mile?), which encompasses the southeast flank of Haw Ridge and a portion of
the Pits and Trenches Waste Area Grouping 7. Long-term, continuous stream gauging has
not been performed on the ephemeral tributaries originating in SWSA 6.

A limited data record for the ephemeral streams in SWSA 6 was obtained
(Davis et al. 1987). These records indicate that site streams respond to rainfall events and
generally go dry during summer and autumn. Discharge and water quality data for the
ephemeral streams in SWSA 6 have been recorded to supplement the earlier data record
(R. B. Clapp, ORNL, personal communication to D. W. Lee, ORNL, Oak Ridge, Tenn.,
June 29, 1993). These data have been collected using storm and grab samples from March
1992 to February 1993. Analysis of thesc data indicates that for over 90% of the time the
discharge in the crecks is less than 1 L/s (0.04 cfs). Discharge events occur in response to
precipitation events that occur infrequently throughout the year. Consequently, these
ephemeral streams do not have sufficient discharge to support a drinking water supply for
an individual and are not considered as possible drinking water resources in this
performance assessment. Water quality data collected during this sampling period indicate
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that *H is being released to surface water during storm events. Concentrations of

1-5 uCi/L. are commonly reported in the surface water during and following a storm event.
These releases of contamination are associated with historical disposal operations
performed in SWSA 6 prior to September 26, 1988 are supported by the Active Sites
Environmental Monitoring Program (Ashwood et al. 1992). Infrequent and low
concentrations of **Sr and *'Cs in surface water have also been reported in response to
precipitation events (<30 pCi/L) (R. B. Clapp, ORNL, personal communication to

D. W. Lee, ORNL, Oak Ridge, Tenn., June 29, 1993).

2.1.5 Climate

The climate of the ORR is moderated by the influence of the Cumberland
Mountains to the west and the Great Smoky Mountains to the east. They divert the hot
winds emanating from the Atlantic coast to produce warm, humid summers and cool
winters. Extremes in precipitation, temperature, and winds are uncommon.

The mean annual temperature in Oak Ridge is 14.4°C (58°F). The coldest month is
usually January, with temperatures averaging 3.3°C (38°F) and lows occasionally reaching
—17°C (0°F). The warmest month is usually July, with temperatures averaging 25°C
(77°F) and highs occasionally reaching 38°C (100°F). Daily temperature fluctuations are
typically 12°C (20°F).

Prevailing winds are influenced by the topography and are either up-valley
(northeasterly) or down-valley (southwesterly). Daytime winds are typically up-valley, and
nighttime winds are typically down-valley. Tornadoes and high winds are rare.

Precipitation is highly variable within and between years. The 40-year annual
average precipitation is 1.4 m (54 in.) with approximately 0.26 m (10.4 in.) of snowfall.
Monthly precipitation is typically highest in January and February with storms of low
intensity and long duration. Thunderstorms are common during the summer. October is
typically lowest in precipitation.

2.2 WASTE CHARACTERISTICS
2.2.1 Low-Level Waste

LLW is radioactive waste not classified as high-level waste, transuranic (TRU)
waste, spent nuclear fuel, or by-product material specified as uranium or thorium mill
tailings and waste, as defined by DOE Order 5820.2A. Test specimens of fissionable
material, irradiated for research and development only, may be classified as LLW,
provided the concentration of TRU radionuclides is <100 nCi/g. Small volumes of waste
containing naturally occurring and accelerator-produced radioactive material may also be

managed as LLW in accordance with DOE Order 5820.2A, Chapter IV.
222 Generic Description and Characteristics of Waste

Approximately 2,000 m*/year (75,000 ft*/year) of LLW is routinely handled at
ORNL. LLW is classified as either contact-handled (CH) or remotely handled (RH) based
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on the radiation dose rate at the surface of the waste package. CH LLW accounts for
93% of the volume but only 1.5% of the activity. ORNL also manages some special
categories of LLW such as fissile, asbestos, biological, and very low activity waste. The
segregation and disposition of the various types of LLW are shown in Fig. 2.12. Table 2.2
lists the various categories of LLW at ORNL, and Table 2.3 provides a generic listing of
LLW typically generated at ORNL. A complete listing of the reported and projected
radionuclide inventories is presented in Appendix A. A summary of the projected
radioactive wastes to be disposed of in SWSA 6 is shown in Table 2.4, which is based on
the reported inventories in SWSA 6. Best estimates of inventories of each disposal unit
are presented in Tables 2.5-2.13.

Radionuclide inventories and waste volumes for the disposal units listed in
Table A.1 (Appendix A) were compiled using the results of data queries of the local Solid
Waste Information Management Systems data base. The inventories listed in Table A.1
provide radionuclide activity and waste volume totals for LLW disposed of in these units
during the period from September 26, 1988, through March 31, 1992. Table A.2 lists the
actual number of disposal units used during this interval and provides projected estimates
of additional disposal units required for disposal from April 1, 1992, through
December 31, 1993. January 1, 1994, is the projected date when all disposal operations in
SWSA 6 will cease, with the exception of the IWMF, which is projected to be operational
through December 1997. Best estimates of the inventories in each disposal unit are
presented in Tables A.13-A.21 based on the uncertainties in the projected inventories.

2.2.3 Contact-Handled Low-Level Waste

CH LLW (low-range) is waste that has a radiation dose rate at the package surface
of <200 mrem/h. CH LLW consists of various contaminated items such as laboratory
equipment, facility refurbishment waste, decontamination and decommissioning waste,
personnel protective clothing, air filters, and bulk materials such as soil, sludge, and
construction debris.

The physical form of the waste is the primary factor controlling the selection of
treatment methods. ORNL segregates CH LLW into two categories, compactible and
noncompactible, based on its physical characteristics.

223.1 Compactible Waste

Compactible waste consists of dry materials such as plastic bags, paper, personnel
protective clothing, light-gauge metal, and glassware that can be compacted by
conventional compaction equipment. Compactible waste is segregated from other LLW
streams, double bagged in 4-mil-thick plastic bags, and stored in steel, double-door yellow
dumpsters at the generator’s facility. Compactible waste is treated at the ORNL
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Fig. 212. Segregation and disposition of solid radioactive waste at the Oak Ridge

National Laboratory.
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Table 2.2. Current low-level waste (LLW) segregation categories

Waste type Description
Contact-handled LLW <200 mrem/h

® compactible

® noncompactible

Remotely handled LLW >200 mrem/h
® hot cell debris
irradiated hardware

solidified liquids

ion exchange resins

sealed sources

Fissile LLW with a #*U equivalent >1 gor >1 g/f®
Biological Radioactively contaminated biological material
Asbestos Radioactively contaminated asbestos material
Very low activity or Waste with no measurable external

suspect contamination but with the potential for

inaccessible areas of internal contamination

compaction facility. In the future, waste may be incinerated or supercompacted at an off-
site commercial treatment facility. The maximum unshielded surface dose rate of a bag of
compactible waste is limited to <200 mrem/h. Most compactible waste packages have a
surface dose rate of <10 mrem/h.

22.3.2 Noncompactible Waste

Noncompactible waste consists of large, heavy, or bulky items such as piping,
equipment, instrumentation, heavy glass containers, wood, soil, concrete, and other debris
that cannot be compacted at the ORNL compaction facility. Noncompactible waste is
segregated from other waste streams, packaged in 4-mil-thick plastic bags, and placed in a
55-gal metal drum or 4 x 4 x 6-ft metal box. Bulk waste such as soil, gravel, concrete,
asphalt, and other construction and demolition debris is generally packaged in plastic lined
4 x 4 x 6-ft metal boxes. Large items of noncompactible waste that will not fit in drum
or box, such as large tanks or vesscls, are accepted on a case-by-case basis. Some
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Table 2.3. Waste descriptions

Bench Equipment

Glassware

Plastic bottles, tubing
sheeting

Wipes

Crucibles

Processing equipment

Bottles racks

Small furnaces
Hydraulic presses
Welding equipment
Vacuum chambers
Heat lamps

Personnel protective clothing and equipment

Lab coats
Coveralls
Shoe covers
Rubber gloves

Reservation trees, shrubs,
grass, etc.

Ovens
Furnaces

Laboratory equipment

Evaporating dishes
Blotter paper
Electrodes
Combustion boats
Mortars and pestles

Balances
Band saws
Glove boxes
Heat lamps
Grinders
Small tanks

Face masks
Paper suits
Mops
Brooms

Biological waste

Reservation deer, geese, ducks,

fish, etc.

Asbestos
Floor tile
Transite pipe

Gauges
Clamps
Ring stands
Wire

Tongs

Ultrasonic cleaners
Metal rods
Vacuum pumps
Sanders

Drill presses

Rags
Buckets
Tape
Plastic bags

Research animal carcasses,
tissues, etc.

Insulation
Gloves

Facility refurbishment and decontamination and decommissioning

Chemical hoods
Choker Cables
Conduit
Cylinders

Dry wall

Tools

Metal piping

Asphalt
Concrete
Charcoal
Dirt

Insulation

Metal grating
Miscellaneous furniture
Sheet metal duct

Large tanks and vessels
Vessels

Air filters

Bulk waste
Gravel
Plaster
Roofing
Sand

Wood
Paper
Plastic
Fans
Pumps
Motors
Valves

Sediment
Tar
Sludge
Resin
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Table 2.4. Solid Waste Storage Area 6 inventory data

Number of Volume Radioactivity
Disposal unit units (m?) (Ci)
Tumulus I vaults 197 535 29.4
Tumulus II vaults 220 601 269
Interim Waste Management Facility vaults 1980 5383 305
Low-range silos 113 895 35.6
High-range silos 50 433 130.6
Asbestos silos 17 167 0.168
High-range wells 54 15.6 6734
Fissile wells 1 0.6 42.5
Biological trenches 6 250 0.019
Suspect landfill 1 1756 0

noncompactible waste is transported to an off-site commercial treatment facility for
incineration or supercompaction. The maximum surface dose rate of the outer container is
limited to <200 mrem/h. Most noncompactible waste packages have a surface dose rate of
<10 mrem/h.

224 Remotely Handled Low-Level Waste

RH LLW is waste that has a surface dose rate of >200 mrem/h and consists of
debris from reactors and hot cell operations, ion exchange resins, and solidified
supernatants from liquid LLW (LLLW) evaporation. RH LLW is subdivided into two
categories for handling and long-term management: high range and very high range. High-
range waste is RH LLW with a maximum contact reading <1 rem/h. Very high range
waste is RH LLW with a contact intensity >1 rem/h.

224.1 High-Range Wastc

High-range waste >200 mrem/h and <1 rem/h consists of the same types of
compactible and noncompactible materials described in Sect. 2.2.3. High-range waste is
generally double bagged in 4-mil plastic bags and placed inside an outer container. Large
items that won’t fit in a plastic bag may be double wrapped in plastic or placed in
alternate containers. Approved outer containers are either 20-mil plastic bags, 1-20-gal
metal cans, or 30- or 55-gal metal drums. High-range waste is not treated because a
treatment facility for RH waste is not available and existing treatment facilities are not
suitable for RH wastes.
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Table 2.5. Estimated total activity in low-

range silos
Best estimate activity
Radionuclide (Ci)
*H 1.02 x 10
e 7.23 x 10!
0Sr 534 x 10°
*Tc 3.26 x 10°
B37Cs 4.49 x 10°
B2Th 1.08 x 10-3
By 275 x 1072
By 1.37 x 107!
7Py 3.47 x 10!
1 Am 2.76 x 102
#3Am 1.08 x 10-2

Table 2.6. Estimated total activity in high-

range silos
Best estimate activity
Radionuclide (Ci)
*H 1.00 x 10
Hc 4.00 x 102
Ni 2.74 x 10~
%St 3.51 x 10°
BICs 234 x 10!
B2Ey 5.94 x 10!
#2Th 1.18 x 10-*
By 1.10 x 102
Z5Pu 1.50 x 102
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Table 2.7. Estimated total activity in

asbestos silos

Radionuclide

Best estimate activity

()

H
14C
%Sr
®Tc
137Cs
By

5.00 x 102
5.79 x 10!
471 x 1072
1.02 x 103
5.65 x 1072
5.08 x 102

Table 2.8. Estimated total activity in high-

range wells

Radionuclide

Best estimate activity

(C))

9Co
Sr
#Tc
137Cs
1525,
145,
25Th
B2Th

5.59 x 10?
7.00 x 10°
4.00 x 101
6.62 x 10°
536 x 10?
1.90 x 10?
7.50 x 1073
3.70 x 10-°
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Table 29. Estimated total activity in fissile wells

Radionuclide Best estimate activity (Ci)
Bics - 3.85 x 10!
35y 875 x 104
38y 4.83 x 1073

Table 2.10. Estimated total activity in

biological trenches
Radionuclide Best estimate activity (Ci)
*H 9.00 x 10-*
s 1.81 x 1071
B1Cs 2.25 x 1073

Table 2.11. Estimated total activity in Tumulus I

Radionuclide Best estimate activity (Ci)

*H 2.70 x 10°

Hc 9.76 x 10°

Ni 9.68 x 1072
2Sr 3.71 x 10°

Tc 3.69 x 107!
B3¢y 9.96 x 10°

152Ey 1.66 x 10!
Z%Ra 4.19 x 104
Z2Th 1.11 x 107*
By 9.81 x 1072
el ) 4.55 x 102
B9y 9.03 x 10-2
MAm | 827 x 10-2
3 Am 1.86 x 103
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Table 2.12. Estimated total activity in Tumulus IT

Radionuclide Best estimate activity (Ci)
3y | 1.61 x 10°
uc 2.12 x 10°
0S¢ 329 x 10°
*Tc 235 x 101
B3¢y 5.20 x 10°
2By 7.08 x 1072
B2Th 3.97 x 1074
By 5.19 x 1072
By 7.33 x 10-3
BIpy 521 x 102
#Am 1.05 x 10!

2.24.2 Very High Range Waste

This waste consists primarily of obsolete equipment and materials contaminated with
activation or fission products from reactors and from isotope production hot cells. Very
high range wastes are packaged in an inner container, sealed, and placed in an outer
container. The outer container is typically a 1-20-gal metal can or a 30- or 55-gal metal
drum. This type of waste can have surface dose rates up to thousands of rem per hour and
is handled as a special-case waste. Because of its very high radiation level, this waste must
be transported in shielded waste carriers or shielded transport casks. Very high range
wastes are not treated because a treatment facility for RH waste is not available and
existing treatment facilities are not suitable for RH waste.

Very high range wet solid wastes are also generated during treatment of LLLW.
Dewatered ion exchange resins from reactor facilities and solidified supernatants from the
LLLW evaporator concentrate storage tanks produce a RH LLW >1 rem/h. These waste
streams are packaged in large steel or high-density polyethylene containers.
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Table 2.13. Estimated total activity in Interim Waste

Management Facility
Radionuclide Best estimate activity (Ci)
*H A 5.10 x 10°
1“C 1.54 x 10!
Al 1.66 x 10-*
e 1.07 x 10°
Ni 7.84 x 1073
Sr 3.13 x 10°
*Tc 1.47 x 107!
e 539 x 10°
B2y 292 x 10!
B2Th 3.56 x 10°°
By 9.26 x 102
By 5.79 x 102
B9py 4.65 x 1072
MAm 6.67 x 1073
2#3Am 2.61 x 1073

225 Fissile Waste

Waste that contains 2*U, 2°U, 28pu, Z°Py, Py or the isotopes of neptunium,
americium, curium, berkelium, and californium is managed as fissile waste, provided the
concentration of the TRU radionuclides with half lives >20 years is <100 nCi/g. For
criticality and security reasons, waste containing =1 g or =1 g/ft® of Z°U or its fissile mass
equivalent is handled scparately. All fissile wastes are packaged in containers that provide
at least two containment barriers to prevent the inadvertent release of radioactive material
during handling. The dose rate of fissile waste packages may be >1 rem/h. Fissile wastes
are not treated because a treatment facility is not available for fissile waste and existing
treatment facilities are not suitable for fissile wastes.
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226 Biological Waste

Biological LLW consists of animal carcasses, tissues, excrements, and bedding that
are generated when radionuclides are used in biological research. Also included are
contaminated plants and animals from the ORR, including deer, ducks, geese, trees, grass,
and plants. Sewage sludge from the Sanitary Wastewater Treatment Facility is also
managed as biological LLW.

Radioactive animal carcasses and tissues are frozen and stored by the waste
generator. Contaminated vegetation and sewage sludge is temporarily stored at an ORNL
waste storage facility. When sufficient quantities of contaminated biological waste has
accumulated, it is transported to an off-site commercial treatment facility for incineration.
The treated waste is packaged in metal boxes and returned to ORNL for storage or
disposal. The dose rate of biological LLW packages is usually much less than 10 mrem/h.

227 Asbestos Waste

Until the late 1970s, asbestos was used extensively at ORNL for the insulation of
pipes. Asbestos waste is also found in floor tiles, ovens, and furnaces. Asbestos waste is
generated during maintenance or demolition of contaminated facilities. Generally, asbestos
waste is packaged in special, asbestos-labeled, 6-mil polyethylene bags, sealed with tape,
and placed in a second asbestos-labeled polyethylene bag. Heavy materials such as asbestos -
tiles or bench tops are placed in fiber board drums. Asbestos waste is not treated because

treatment facilities for asbestos waste are not available and existing treatment facilities are
not suitable for asbestos waste. The maximum dose rate of packaged asbestos waste is
limited to <1 rem/h. The typical dose rate of packaged asbestos waste is much less than
10 mrem/h. :

2.2.8 Suspect Waste

Suspect waste consisted of debris that was generated during the decontamination
and decommissioning or construction of facilities and other waste such as soil, air filters,
wood, empty drums, laboratory equipment, and personal protective clothing listed in
Table 2.2. Suspect waste was waste that had no measurable contamination but could not
be certified by routine health physics surveys as free of internal contamination. Facilities
that generate only alpha-emitting or beta-emitting radionuclides did not generate suspect
waste. Facilities that generate beta- or gamma-emitting waste only generated suspect waste
materials that had been individually surveyed, thus reducing the possibility that high
concentrations of beta or gamma emitters were well shielded by uncontaminated material
towards the outside of a waste package. Because of the history and location of these
facilities, the waste was disposed of in a landfill in SWSA 6. This waste type is no longer
classified as suspect. It is now classified as very low activity (VLA) waste or industrial
waste. :
VLA waste is segregated from other LLW and placed inside a 4 X 4 X 6-ft metal
box. Large items that won’t fit in a metal box are stored in a sea-land container. The
packaged waste is stored at an ORNL storage facility until transported off-site for
incineration or supercompaction at a commercial treatment facility. The treated waste is
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packaged in metal boxes and returned to ORNL for storage or disposal. There arc no
external radiation readings on packages of VLA waste.

2.3 WASTE TREATMENT, CERTIFICATION, STORAGE, AND DISPOSAL
23.1 Waste Treatment Facilities

ORNL has one treatment facility for dry solid CH LLW. The ORNL waste
compaction facility (Bldg. 7831) is located in SWSA 5N. Building 7831 is a metal Butler-
type building approximately 12 x 13 m (40 x 42 ft) divided into a personnel area and
compactor area 6 X 13 m (20 x 42 ft) each. The box compactor is used to reduce the
volume of compactible CH LLW into 1.2 X 1.2 X 1.8-m (4 X 4 X 6-ft) metal boxes with
a compressive force of 12 x 10° Pa (1750 psi). Off-site commercial treatment facilities are
also used to reduce the volume of a portion of ORNL’s CH LLW. Commercial services
are available for supercompaction, incineration, and metal melting.

ORNL has one liquid treatment process that produces a solid CH LLW. Process
wastewater is collected and treated at the Process Waste Treatment Plant (PWTP). The
PWTP removes radionuclides by clarification, filtration, and ion exchange. The ferrous
hydroxide sludge from the clarifier is passed through a filter press to reduce the liquid
content and packaged in drums for on-site storage or disposal. Commercial vendors are
used to treat ion exchange resins and solidify LLLW evaporator concentrates.

23.2 Low-Level Waste Characterization and Certification

The Martin Marictta Energy Systems, Inc. (Energy Systems) Solid Waste
Certification Program Plan (Smith 1991) is based on the concept that site waste
management organizations will establish waste acceptance criteria (WAC) against which
waste handled at those facilities can be certified. In addition, DOE Order 5820.2A
specifies the development of WAC for each radioactive waste treatment, storage, and
disposal (TSD) facility that must be met by waste generators using these facilities. WAC
establish not only the minimum acceptable amount of information that must be known
about a waste, but also define certain acceptable waste characteristics. The purpose of the
ORNL LLW Certification Program is to ensure that wastes generated are capable of
being certified against WAC for the TSD facilities to which they are sent in a manner
consistent with DOE Order 5820.2A and the Energy Systems Solid Waste Certification
Program.

23.2.1 Waste Characterization
The waste generator is responsible for providing the primary characterization data
and for certifying that the waste meets the WAC of the TSD facility. The following

methods are considered acceptable for characterizing LLW:

® process knowledge and controls,
® materials accountability,
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® direct or indirect measurements, or
® combinations of the above.

Documented process knowledge is the primary qualitative waste characterization
method. Documenting the qualitative characteristics of a waste package relies heavily on
the waste generator’s understanding of the process whereby the waste is generated.
Knowing the materials introduced into the process and the mechanism by which they are
used can provide an indication of the probability that these materials will occur in the
waste stream. The most appropriate method of determining those probabilities is through
the use of a process flow chart.

Materials accountability, when used for characterizing waste, is a simplified version
of process knowledge and control. Basically, this procedure uses a balance sheet,
describing the input materials and their destination in the process. In the absence of a
more sophisticated process model and control, this approach may provide some benefit,
particularly in qualitative characterization. This method is particularly helpful in
documenting the absence of particular chemical components. Knowledge of the identity
and quantity of chemicals introduced into the process defines the chemicals that may be
present in the waste. As with process knowledge, the materials accountability
characterization data must be validated and verified through periodic independent
assessments. The problems and attendant uncertainties in the waste inventory data have
been investigated (Kenning and Yong 1993), and the findings have been included in
Appendix A.

Quantitative waste characterization methods determine the quantity or
concentration of the constituents and properties in a waste stream. This determination is
usually made through some means of direct or indirect measurement, such as sampling and
analytical methods, and requires a knowledge of the degree of uncertainty in the data.

Waste characterization data were recorded on two separate forms (Appendix A,
Figs. A.1, A.2) until October 1993. These forms were replaced by the Oak Ridge
Reservation Uniform Request for Disposal Package, Form UCN-2109, which contains the
information gathered by the two previous forms that are described below. Form UCN-
2822, "Request for Storage or Disposal of Radioactive Solid Waste or Special Materials"
(Appendix A, Fig. A.1) is used to document the general characteristics of the waste and
track the waste package from the point of generation to final disposal. A completed Form
UCN-2822 must accompany each individual waste container. One section of the form is
completed by the generator and documents the origin and provides a general description
of the waste package (radionuclides present, quantities of those radionuclides, volume,
weight, etc.), while a second section of the form is completed by a health physicist and
provides radiological dose data for the waste package.

More specific waste characterization data were captured on the Form UCN-16114,
"Log-In Data Sheet for Generators of LLW" (Appendix A, Fig. A.2). This form also
accompanied each waste container of LLW. This form was filled out by the generator and
reviewed by the Generator Certification Official (GCO) (Sect. 2.3.2.2) assigned to the
generator area to determine that the characterization data provided is consistent with what
would be considered representative of that waste stream. This form was used at the packet
level (there may be several packets per waste package) to document such information as
origin of the waste, radionuclides present, quantities of radionuclides present, chemical
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form of the radionuclides, physical form of the waste, description of the waste matrix, and
whether or not RCRA materials were also present. Completed copies of both forms are
filed permanently in the Documentation Management Center of the Waste Management
Operations Section.

2.3.22 Waste Certification

Waste certification is the process of verifying that the contents of an LLW package
complies with the WAC for a specific waste TSD facility. Certification accounts for the
quality assurance and quality control procedures in data collection and manipulation,
documentation and tracking systems, authority and responsibility, and other areas related
to ensuring that characterization data of sufficient detail and quality are collected. The
ORNL LLW Certification Program applies to all operations that generate, ship, handle,
treat, store, and dispose of LLW destined for ORNL TSD facilities.

In April 1986, LLW disposal operations in SWSA 6 at ORNL were halted by order
of DOE Oak Ridge Operations (DOE-ORQO). The order was issued because of concern
that RCRA hazardous and mixed wastes were being disposed of in SWSA 6 in violation of
the Resource Conservation and Recovery Act (RCRA). Insufficient administrative and
process controls were in place to verify that RCRA materials were not being disposed of
in SWSA 6. As a result of this action, ORNL initiated an LLW Certification Program to
bring SWSA 6 back into active operation. The immediate goal of the program was to
improve the segregation of RCRA materials from LLW and to better document the
constituents of the waste. At that time the ORNL LLW Certification Program consisted
of the following elements:

® ecstablishment of an LLW training program that would focus on the requirements for
packaging, proper documentation, acceptable characteristics, and excluded materials,
with restrictions against untrained staff being allowed to package LLW;

¢ development of documentation to track the contents of individual waste packets being
placed into the LLW container;

e reviews of generator LLW programs; and

e verification of CH LLW package contents by real-time radiography (RTR).

With the issuance of DOE Order 5820.2A, additional program elements needed
addressing. One of the changes requiring that the ORNL LLW Certification Program be
modified was the requircment to manage the disposal facility on the basis of the
concentration of radionuclides in the waste rather than on the basis of the external
radiation levels of the waste package. The management of LLW on a concentration basis
is reflected in a need for a more definitive characterization of the waste (i.e., how much of
which radionuclides are present). To incorporate this higher level of stringency required in
the characterization of the waste, the scope of the ORNL LLW Certification Program is
being expanded to include, in addition to the elements listed above, the following:

® cstablishment of a Waste Certification Group within the ORNL Waste Management
and Remedial Action Division, but independent of the Waste Operations Section, with
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the responsibility for the development, implementation, and oversight of the ORNL
LLW Certification Program;

e development of WAC documents for the ORNL disposal facilities that mandate
management of the LLW on a radionuclide concentration basis;

® establishment of a network of individuals (GCOs) within the generator organizations
responsible for coordinating the implementation of the LLW program at the facility
level;

e development of generator-level procedures that identify the individual LLW streams
originating within the generator organization and the method(s) used by the generator
for the characterization of the LLW; and

@ more intensive monitoring of all LLW certification activities.

The ORNL LLW Certification Program is being phased in as described in the
following paragraphs. The first steps have concentrated on developing and implementing
the LLW Certification Program for wastes to be disposed of in the SWSA 6 IWMEF. The
ORNL Certification Program Plan for Solid Low-Level Radioactive Waste (Tull and Smith
1990) was issued in August 1990 and Guidelines for Establishing Waste Certification Plans
and Procedures at Waste Generator Facilities (ORNL 1992) was issued in September 1992.
The guidance document establishes specific criteria and acceptable methods for waste
characterization consistent with the requirements of DOE Order 5820.2A.

The second step was to initiate a pilot certification program for IWMF wastes. A
group of waste generators was selected to participate in the pilot program based on the
highest waste volumes disposed of in the Tumulus I and II facilities and generation of
radionuclides that have the greatest potential impact on the performance assessment
source term for the IWMF. Pilot waste generators were interviewed to determine current
practices in waste characterization and to assess the uncertainties associated with the
certification process. The next phase of the pilot program was for the pilot waste
generators to develop waste-stream-specific certification plans and procedures for waste
characterization that would enable their waste to be certified against the IWMF WAC.
The pilot program operated from January 1992 through January 1993.

The next phase of the ORNL LLW Certification Program is for the remainder of
the ORNL waste generators to develop certification plans for characterizing their waste.
These certification plans document the methods for determining radionuclides and curie
content in specific waste streams. Approximately 90 waste certification plans will be
developed by ORNL GCOs by January 1994. Following the development and approval of
waste certification plans, ORNL Waste Management will implement concentration-based
WAC. Concentration limits for each radionuclide with a half-life greater than 5 years are
being developed based on the results of this performance assessment. The IWMF WAC
will be revised to include concentration limits by April 1994. ORNL’s LLW Certification
Program will be fully compliant when the concentration-based WAC is fully implemented
by September 1994.

Figure 2.13 schematically represents the LLW certification process at ORNL.
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Fig. 2.13. Certification process for solid low-level waste at Oak Ridge National
Laboratory.
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233 Interim Waste Storage Facilities

In 1986, ORNL began interim storage of some CH LLW at the ORR K-25 Site
because of limited disposal capacity remaining in SWSA 6. The K-25 Site uses surplus
buildings for storage of CH LLW with a surface dose rate <50 mrem/h. The intention was
to store this waste until a new disposal facility was developed at another site on the ORR.
Storage of low-activity LLW at the K-25 Site was discontinued in 1991 because of limited
existing storage space for RCRA waste. The K-25 Site is currently used to store only
hazardous and mixed wastes generated on the ORR.

Due to the loss of the K-25 Site for storage of CH LLW, ORNL has constructed
several above-grade storage facilities. The above-grade facilities currently used at ORNL
include four portable Rubb structures (tents) in SWSA 5N. These facilities are used for
interim storage of the low-activity waste streams such as contaminated soils, process
wastewater sludge, biological waste, and VLA waste. ORNL plans to store these low-
activity waste streams until new disposal facilities can be developed at other sites on the
ORR or access is permitted at off-site DOE disposal facilities. Building 7842 in SWSA 6 is
used as a temporary storage facility for CH LLW prior to disposal in the tumulus facility.

ORNL is also storing RH LLW that does not meet the WAC for ORNL disposal
facilities. RH LLW is stored in above-grade and below-grade storage facilities. Above-
grade concrete vault storage areas in SWSA 6 and near the former ORNL Hydrofracture
Facility are used to store solidified supernatants from the LLW evaporator concentrate
storage tanks. Below-grade storage wells in SWSA SN and SWSA 6 are used to store
irradiated fuel and fuel debris, irradiated hardware, sealed radiation sources, and other
LLW that does not meet the WAC for SWSA 6 (ORNL 1993a). The cask storage area
near the Hydrofracture Facility is also used to store irradiated hardware that is too large
for the below-grade storage wells. These facilities have limited remaining storage capacity,
so additional above-grade and below-grade storage facilities are planned at the ORNL
SWSA 7 site. The plan is to store RH LLW at ORNL until suitable disposal facilities are
available at off-site DOE disposal facilities.

23.4 Solid Waste Storage Area 6 Disposal Facilities

SWSA 6 is the only active LLW disposal area at ORNL. Until 1986 all LLW
generated at ORNL, including low-level mixed waste, was disposed of by shallow land
burial, generally in unlined trenches and auger holes. In 1984 the practice of shallow land
disposal on the ORR came under closer scrutiny by federal and state regulators and DOE
officials. As a result, major changes in the operation of SWSA 6 were initiated in 1986,
including (1) the exclusion of all mixed waste from disposal in SWSA 6; (2) the use of
greater confinement disposal (GCD) techniques for below-grade disposal such as concrete
silos and pipe-lined auger holes; and (3) the storage of some low-activity LLW at the
ORR X-25 Site and all mixed waste at ORNL. In addition to the GCD techniques for
below-grade disposal, ORNL also developed plans in 1986 for demonstrating the above-
grade tumulus disposal technology developed in France.

Because of the disposal practices prior to 1986, some areas in SWSA 6 were
remediated under an RCRA interim status closure agreement with the Tennessee
Department of Environment and Conservation (TDEC). The remediation activities were
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coordinated with ongoing GCD waste operations. SWSA 6 will be remediated under
CERCLA. A public meeting was held February 9, 1993 to discuss the proposed plan for
remediation of SWSA 6. Comments from the public clearly indicated the preferred
alternative of the Interim Proposed Plan was not supported, and new information indicates
that CERCLA site priorities should be reordered. A “Response to Comments” from the
public meeting and the overall strategy for investigation and remediation is currently being
developed. The deferred action plan being developed will emphasize site monitoring and
technology development and demonstration. Remediation under CERCLA will occur
when risks from SWSA 6 warrant action. A Letter of Agreement between EPA, the state
of Tennessee, and DOE is being developed that will outline the ultimate remedial action
plan for SWSA 6 under CERCLA. The Letter of Agreement is expected to include a date
for cessation of all waste disposal in SWSA 6. Prior to the public meeting, cessation of
waste disposal except for IWMF operations was anticipated to be December 1993 with
IWMEF operations continuing until 1997. The performance assessment has been prepared
using the schedule that was anticipated.

The disposal methods used for each type of waste disposed of in SWSA 6 since
issuance of DOE Order 5820.2A on September 26, 1988, are presented in Table 2.14.
Details on the design, waste handling, and waste disposal operations for each disposal unit
are discussed in the text that follows. These descriptions of waste disposal operations do
not address the cover system to be placed on the disposal units because of the
uncertainties related to the CERCLA process. A scenario for the ultimate cover system is
provided in Sect. 3.2.3 that may change significantly in the following years. Final
remediation of SWSA 6 will be based on discussions at the national level concerning long-
term land use, institutional control, and the benefit/cost ratio of remediation alternatives.

23.5 Below-Grade Disposal

Below-grade disposal methods that have been used in SWSA 6 include concrete
silos, wells in concrete silos, pipe-lined auger hole wells, unlined trenches, and landfills.
ORNL began phasing out some below-grade disposal operations in SWSA 6 in December
1992 at TDEC request because of concerns about shallow land disposal in the trenches
and landfill and concerns that the below-grade wells would not meet the long-term
performance objectives of DOE Order 5820.2A. Use of the wells in concrete silos and
piped-lined auger hole wells for disposal was phased out in 1992, but they are still used for
retrievable storage of very high range RH LLW. The landfill was also closed in 1992 for
disposal of VLA waste. The unlined trenches were phased out for animal wastes in 1992
and for other biological wastes in early 1993. Only the concrete silos continue to be used
for disposal of CH LLW and high-range RH LLW.

235.1 Low-Range and High-Range Silos

Concrete silos are used for disposal of low-range (CH LLW) and high-range
(RH LLW <1 rem/h) waste. These concrete silos are located in separate areas of SWSA
6 but are identical in construction. Silos are constructed of two 14-gauge, 4.9-m (16-ft)
long, corrugated steel pipes of 2.4- and 2.7-m (8- and 9-ft) diameters. A trench is dug
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Table 2.14. Disposal methods for waste disposed in Solid Waste Storage Area 6

Waste type : Disposal unit

Contact-handied (CH) low-level waste I.,ow?range silos, Tumulus

(LLW) (<200 mrem/h) vaults

Remotely handled (RH) LLW High-range silos

(>200 mrem/h and <1 rem/h)

RH LLW (>1 rem/h) High-range wells and high-
range wells in silos

Fissile waste Fissile wells

Biological waste Biological trenches

Asbestos waste Asbestos silos

Very low activity waste Landfill

approximately 12.2 m (40 ft) long by 4.6 m (15 ft) deep. The depth of the trench is always
located and excavated with its lowest point a minimum of 0.6 m (2 ft) above the maximum
water table elevation. Generally three or four silos are placed in the trench. The larger
pipe is placed vertically in the trench with minimal space between the pipes and with the
top of the pipe 15.2-30.5 cm (6-12 in.) above ground level. The smaller pipe is centered
inside the larger pipe and extends approximately 15.2 cm (6 in.) above the top of the
outer pipe.

A 6.1-m (20-ft) section of 7.6-cm (3-in.) diameter polyvinylchloride (PVC) pipe with
slots cut in the bottom 0.6-0.9 m (2-3 ft) is used as a monitoring well in some of the silos.
Another PVC pipe is placed outside the silos at the low point of the trench. The space
around the silos is backfilled with dirt, leaving the tops of the outer pipes approximately
15.2 cm (6 in.) above finish grade. As the fill settles, more fill is added as required to
provide surface water runoff away from the silo. A 0.3-m (1-ft) thick, steel-rod-reinforced
concrete pad is poured in the bottom of each silo. The annular space between the two
pipes is filled with concrete. Each silo is painted with a unique number [TL-XXX L
(trench/low—range) or TH-XXX (trench/high-range)] on the outside of the 2.4-m (8-ft)~
pipe that extends above the ground. A temporary cover is placed over the open silo when
the silo is not being filled. A section view of a typical silo used for CH and RH LLW is
shown in Fig. 2.14. Figures 2.15 and 2.16 show the locations of the low-range and high-
range silos in proximity to other SWSA 6 disposal units, buildings, roads, ephemeral
streams, and foliage. The shaded silos were evaluated for this performance assessment.
The remaining silos were filled prior to September 26, 1988.

Generally, noncompactible bulky items, small boxes, 55-gal drums, or soil are
disposed of in the low-range concrete silos. Waste packaged in 20-mil plastic bags
containing doubled bagged waste or 1-, 2-, 5-, 10-, or 20-gal metal cans or 30- or 55-gal
metal drums are disposed of in the high-range silos. The packaged (drums only) CH LLW
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Fig. 2.14. Cross-section of a concrete silo.
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ORNL-DWG 93M-11370R2
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Fig. 2.15. Location of low-range silos, high-range silos, and fissile wells in Solid

Waste Storage Area 6.
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Fig. 2.16. Location of low-range silos and Tumulus in Solid Waste Storage Area 6.
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is loaded on a transport vehicle and transported from the waste generator to the Waste
Examination and Assay Facility (WEAF) for inspection by RTR. After successful
inspection at the WEAF, the waste is transported to a temporary storage facility or a
staging area at the disposal site. RH LLW is transported directly to the disposal site. A
crane is used to remove the cover from the top of the silo and to lower the waste
packages into the silo to prevent the packages from opening. Waste packages are placed
as close to one another as practical to minimize the void space between containers. Waste
is placed into the silo as long as the maximum radiation reading at the top of the silo does
not exceed 200 mrem/h with the cap removed. If the dose rate is >200 mrem/h at the
surface after waste is placed in an RH silo, the silo is roped off, and no additional waste is
placed in the silo. The silo is then grouted until the dose rate at the surface is

<200 mrem/h. After the silo is filled with waste, grout is poured between the waste
packages to stabilize the waste. Waste placement and grouting is continued until the grout
is within 0.3 m (1 ft) of the top of the silo. After the grout has hardened, the silo is
covered with a minimum 0.3 m (1 ft) thick, steel-rod-reinforced concrete cap. Prior to the
concrete cap hardening, a stenciled bolt with the silo identification number is placed in the
soft concrete cap. After closure and capping of the silo, the radiation reading over the top
of the silo is <2.5 mrem/h. The best estimates of the total activity to be disposed of in the
low-range and high-range silos are presented in Tables 2.5 and 2.6.

The current management plan is to cease disposal of CH LLW and RH LLW in
silos by January 1, 1994. Thereafter, the waste will be disposed of in the above-grade
tumulus facility (IWMF) or stored on-site in above-grade concrete storage containers until
new disposal facilities are constructed at other sites on the ORR or access to an off-site
DOE disposal facility is available.

23.52 Asbestos Silos

Contaminated asbestos waste is disposed of in dedicated concrete silos. The asbestos
concrete silos are located in separate areas of SWSA 6 but are identical in construction to
the concrete silos described previously in Sect. 2.3.5.1. Figure 2.17 shows the location of
the asbestos silos in proximity to other SWSA 6 disposal units, roads, ephemeral streams,
and foliage. The legend indicates the silos evaluated in this performance assessment. The
other silos were filled prior to September 26, 1988. Generally, asbestos waste is packaged
in special, asbestos-labeled, 6-mil polyethylene bags, sealed with tape, and placed in a
second asbestos-labeled polyethylene bag. Asbestos waste is transported from the
generator’s facility directly to the disposal site in dumpsters in a closed transport vehicle.
Waste disposal and silo closure is to be implemented in the same manner as is described
in Sect. 2.3.5.1. The best estimate of the total activity to be disposed of in the asbestos
silos is presented in Table 2.7.

The current management plan is to cease disposal of asbestos waste in silos by
January 1, 1994. Thereafter, the waste will be disposed of in the above-grade tumulus
(IWMF) vaults or stored on-site in above-grade concrete storage containers until new
disposal facilities are constructed at other sites on the ORR or access to an off-site DOE
disposal facility is available.
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Fig. 2.17. Location of asbestos silos and biological trenches in Solid Waste Storage Area 6.
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2353 High-Range Wells in Silos

A modified version of the previously described concrete silo was used for the
disposal of very high range waste (RH LLW >1 rem/h). A trench was dug approximately
12.2 m (40 ft) long by 4.6 m (15 ft) deep. The depth of the trench was always located and
excavated with its lowest point a minimum of 0.6 m (2 ft) above the maximum water table
elevation. Three or four concrete silos constructed of one 16-gauge, 4.9-m (16-ft) long,
2.7-m (9-ft) diameter, corrugated steel pipe were placed in each trench with minimal space
between the silos and with the top of the silo 15.2 to 30.5 cm (6 to 12 in.) above ground
level. The space around the silos was backfilled with dirt leaving the top of the silo
approximately 15.2 cm (6 in.) above finish grade. As the fill settled, more fill was added as
required to provide surface water runoff away from the silo. A 0.3-m (1-ft) thick, steel-
rod-reinforced concrete pad was poured in the bottom of each silo. A 6.1-m (20-ft) section
of 7.6-cm (3-in.) diameter PVC pipe with slots cut in the bottom 0.6-0.9 m (2-3 ft) was
used as a monitoring well. The PVC pipe was placed inside each silo with the bottom
resting on the concrete pad. '

Seven wells were placed in a geometric array inside each silo. The wells were
constructed of 2-cm (0.75-in.) thick steel pipes, S-m (16-ft) long with an inside diameter of
51 cm (20 in.). The annular space between the outside surface of the pipes and the inside
surface of the silo was filled with concrete to approximately 1.3 cm (0.5 in.) below the top
of the pipes. A bolt stenciled with the well identification number was placed in the
concrete at the top of each of the seven wells. Each well is identified by a unique number
[WH-XXX (well/high-range)]. A temporary cover was placed over the open wells when
they were not being filled. A typical section view of a concrete silo with high-range wells
used for waste with an unshielded container dose rate >1 rem/h is shown in Fig. 2.18.
Figure 2.19 shows the location of the high-range wells in silos in proximity to other
SWSA 6 disposal units, roads, ephemeral streams, and foliage. The legend indicates the
high-range wells in silos evaluated in this performance assessment. The remaining units
were filled prior to September 26, 1988.

The waste disposed of in concrete silos with high-range wells was packaged in 1-, 2-,
5-, 10-, or 20-gal metal cans or 30-gal metal drums and transported to the disposal site in a
lead-shielded, bottom-discharge carrier. Using a crane, the carrier was placed over the
well, the bottom carrier drawer was opened, and the waste was lowered into the well.
Prefabricated concrete plugs were placed in the well on top of the waste to reduce the
radiation reading at the top of the well to <200 mrem/h. When a well in the silo was
filled, the well was capped with a minimum 0.3-m (1-ft) steel-rod-reinforced concrete cap.
Prior to the concrete cap hardening, a stenciled bolt with the well identification number
was placed in the soft concrete cap. The radiation reading over the top of a closed well
was <2.5 mrem/h. The total estimated activity disposed of in the high-range wells and
high-range wells in silos is presented in Table 2.8.

Very high range wastes are no longer disposed of in high-range wells in concrete
silos. This waste is managed as a special-case waste and is transported to ORNL
retrievable storage wells in shielded waste carriers. The current waste management plan
for very high range LLW is to store the waste on-site until access to an off-site DOE
disposal facility is available. '
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23.5.4 High-Range Wells

Heavy-wall steel pipe wells were also used to dispose of very high range waste
(RH LLW >1 rem/h). These wells were constructed of 2-cm (0.75-in.) thick steel pipe
vertically centered in a drilled auger hole with the top of the well approximately 15.2 cm
(6 in.) above ground level. The surrounding space was backfilled with dirt. The pipes were
generally S m (16 ft) long with an inside diameter of 76.2 cm (30 in.). A 0.3-m (1-ft) thick
concrete plug was poured in the bottom of the well.

A monitoring well, made from a 7.6-cm (3-in.) diameter PVC pipe with a bottom
cap and slotted 0.3 m (1 ft) from the bottom, was placed outside the well to allow
collection of liquids for sampling and quarterly monitoring of the hydrological isolation of
the well. The top of each well is painted with a unique identification number [WH-XXX
(well/high-range)]. A typical section view of a high-range well used for RH LLW with an
unshielded container dose rate >1 rem/h is shown in Fig. 2.20. Figure 2.19 shows the
location of the high-range wells in proximity to other SWSA 6 disposal units, roads,
ephemeral streams, and foliage. The legend indicates which high-range wells are evaluated
in this performance assessment. The remaining wells were filled prior to September 26,
1988.

Generally, only waste packaged in 55-gal metal drums was disposed of in high-range
wells. The waste was transported to the burial site and disposed of in the same manner as
the high-range wells in silos. After the well was filled, the well was capped with a
minimum 0.3-m (1-ft) t